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A B S T R A C T   

In the framework of the GeoGrid project, with the specific goal to look for shallow geothermal resources suitable 
to test the developed technologies, the Agnano geothermal field, a relatively unexplored sector of the eastern 
Campi Flegrei caldera, was investigated through a multidisciplinary geophysical, stratigraphic and hydro- 
chemical surveys. Such multidisciplinary approach allows us to reconstruct the subsurface morphology below 
the Agnano Hyppodrome (AH), interpreted by gravimetric, seismic and stratigraphic data, as a complex structure 
characterized by a gradual southward and south-eastward deepening of a high-density contrast interface. 
Moreover, the inferred models show two pronounced lateral depressions in agreement with the existence of 
known lateral faults bounding the western and eastern flanks of AH, while the hydro-chemical survey of the 
entire Agnano caldera revealed discontinuous manifestations of thermal waters along the groundwater flow 
direction. Furthermore, it was found that, within the southern sector of the Agnano caldera, mineralized waters 
predominantly align with a primary NE-SW buried structural lineament, a feature only hypothesized in previous 
studies and that in this sector local fresh groundwater likely receives endogenous inputs, including CO2 at 
elevated temperatures, potentially leading to the mixing of seawater or deep brine. Finally, our results indi
viduate an area north of the Agnano Hippodrome characterized by a significant presence of higher temperature 
mineralized water, but lacking of seawater enrichment, making it a favorable site for further exploitation of low- 
to-medium-enthalpy geothermal sources.   

1. Introduction 

Formation and development of calderas are accompanied by hy
drothermal activity, hot fluids circulation and mineralization processes. 
Deformation and fracturing, produced by both explosive volcanic ac
tivity (hydro-magmatic) and collapse resurgence processes, increases 
the permeability of rocks, enhancing the advection of fluids in the 
shallow crust and generating a high heat mass transport (e.g., Inge
britsen et al., 2008; Pepe et al., 2019). The Campi Flegrei caldera (CFc) is 
a large active volcanic complex lying in the Campanian Plain, Southern 

Italy (Fig. 1). The active volcanic area of CFc has been the site of several 
geothermal investigations, since the early XX century (Carlino et al., 
2016), for its intense hydrothermal activity and thermal properties. 
Previous studies, in fact, revealed that this area is characterized by 
temperature higher than 100 ◦C at the surface, geothermal gradients 
larger than 200 ◦C/km, high heat flow, and diffuse magmatic gases 
discharge at the surface. The thermal energy release, also associated 
with CO2 emissions, was estimated in 1998 at about 100 MW (Corrado 
et al., 1998; Chiodini et al., 2001; Cardellini et al., 2017; Young et al., 
2020). A recently empirical evaluation of the geothermal potential of the 
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whole caldera provided values of few hundreds of MWe (Carlino et al., 
2012). However, so far, the geothermal resource at CFc has been used 
only for spa and wellness, and in very few cases for houses heating. 
Moreover, the geothermal studies involved mainly geothermal fields, 
located in western, northern and central sector of caldera (Fig. 1) 
(Carlino et al., 2016 and reference therein), characterized by very high 
temperature values at the surface. Only recently low and medium-high 
enthalpy geothermal systems in the CFc area has been interpreted 
through a complete western to eastern conceptual models (Siniscalchi 
et al., 2019; Troiano et al.,2022). These models delineate the presence of 
two different geothermal reservoirs: one located in the central sector 
(Solfatara-Pisciarelli zone) dominated by highly active vapors generated 
by episodic arrival of CO2 rich magmatic fluids, and the other one 
located in the eastern sector (Agnano zone), characterized by a shallow 
(400–500 m b.s.l.) still hot reservoir, heated by the upward circulation 
of deep no magmatic hot vapor (Siniscalchi et al., 2019; Troiano et al., 
2022). The central sector, marked by gas dominance and acidic pH 
levels, have long been subject of study and extensively monitored, given 
its proximity to densely populated areas, particularly due to ongoing 
bradyseism and intense seismic activity (Charlton et al., 2020; Buono 
et al., 2022; Leone et al., 2022). On the other hand, the eastern sector 
reservoir is still poorly known in the scientific literature, but its apparent 
favorable reservoir characteristics (liquid phase and near-neutral pH 
values) have increased interest in exploring this shallow geothermal 
field. In the framework of the GeoGrid project (Technologies and 
Innovative system for sustainability use of geothermal energy, POR 
Campania FESR 2014–2020) with the main goal to find shallow 
geothermal resources suitable to test the developed technologies, the 

physiochemical features of the Agnano aquifers and the surface 
geothermal reservoir have been determined, for the first time, through a 
multidisciplinary approach combining gravity, seismic, geoelectric, 
hydrochemical and groundwater data (Fig. 2). The integration of our 
results with previously published subsurface geological data provides 
key information for a better understanding of the structural arrange
ment and thermal fluid pathways of the Agnano geothermal reservoir. 
Finally, these results can be used for sustainability analysis of low- and 
medium-enthalpy resource exploitation, such as for district heating and 
building cooling (Carotenuto et al., 2016; Iorio et al., 2020) and for 
assessing the economic feasibility of geothermal exploitation and the 
development of future project facilities (Calise et al., 2018; Di Fraia 
et al., 2019; Sepede et al., 2022). 

2. Geological and geothermal settings 

The CFc volcanic complex hosted in the metropolitan area of Naples, 
Southern Italy, is constituted by two concentric segmented caldera rings 
(Tramelli et al., 2006; Acocella, 2010) (Fig. 1) and is characterized by 
graben-like structures and volcanic deposits, mainly due to the eruptions 
of the Campania Ignimbrite (CI) (about 40 ky, e.g., Costa et al., 2012; 
Gebauer et al., 2014; Giaccio et al., 2008, 2017; Scarpati et al., 2013, 
2020; Silleni et al., 2020) of the Masseria del Monte Tuff (29.3 ky, Albert 
et al., 2019) and of the Neapolitan Yellow Tuff (NYT) (about 15 ky Orsi 
et al., 1992; Scarpati et al., 1993; Deino et al., 2004). Plio-Quaternary 
continental and marine sediments filled the caldera with a thickness 
ranging from 2000 to 3000 m. The present morphological depression of 
the CFc primarily derives from the younger NYT caldera collapse, 

Fig. 1. The CFc caldera rings. Red diamond localization of Agip and ENI geothermal exploration wells in western, northern and central sector of caldera (modified 
after Carlino et al., 2016). Red line, pink, black and light grey dots in study area: feature active during the Agnano Monte Spina eruptions, vents of epoch 3 (Smith 
et al., 2011; Orsi 2022 and references therein) and Well 46 localizations (Di Vito et al., 1999), respectively. 

M. Iorio et al.                                                                                                                                                                                                                                    



Geothermics 121 (2024) 103049

3

partially masking the preexisting CF caldera (Orsi et al., 1996; Orsi 2022 
and reference therein). After a long period of subsidence, today, the CFc 
shows signs of potential reactivation, characterized by episodes of 
ground uplift, shallow seismicity, significant increase in hydrothermal 
degassing and changes in fluid-geochemistry. Since 1950 several bra
dyseismic crises occurred, the main of which in the 1982–1984, pro
ducing a ground uplift of 1.8 m (D’Auria et al., 2011). After that, a 
ground subsidence started lasting until 2005, when a new inflation 
begun, resulting in a minor accelerating uplift (0.4 m over 10 years) of 
longer duration (Chiodini et al., 2015, 2016). The seismicity recorded 
since 2000 is very shallow and highly concentrated below the Solfatara 
crater (e.g., Tramelli et al., 2021, 2022). In the area of renewed seismic 
activity, the phreatic Pisciarelli field showed the opening of new vents 
and a significant increase of flow rates and temperatures of existing 
fumaroles (Chiodini et al., 2015, 2016; Castaldo et al., 2019). Today the 
amount of the diffusively released of CO2 (up to 3000 t/d, Cardellini 
et al., 2017) is that of a persistently degassing active volcanoes. How
ever, moving eastward, the hydrothermal activity in the center of the 
Agnano crater, e.g. Terme di Agnano, is different to those in the Sol
fatara-Pisciarelli district, as it consists mostly in the discharge of thermal 
waters rather than gas (Vaselli et al., 2011; Siniscalchi et al., 2019). The 
CFc volcanic activity in the last 15 ky was concentrated inside the NYT 
caldera and stratigraphic markers, as well-recognizable volcanic units (i. 
e., Monte S. Angelo, Agnano_Monte Spina, Astroni Tephras), paleo sols 
and absolute age dating, were used from exposed and cored sequences to 
build up a chronostratigraphic sequence history. So far, the volcanic 
activity was subdivided in three epochs: from ~15.0 to 10.5 (I), from 
~9.6 to 9.1 (II) and from ~5.5 to 3.8 ky (III), respectively (e.g., Rosi and 
Sbrana, 1987; Di Vito et al., 1999; Isaia et al., 2004; Orsi et al., 2004; 
Smith et al., 2011; Bevilacqua et al., 2016, Orsi, 2022) separated by two 

mature and widely distributed paleo sols. Volcanism was mainly sub
marine during both I and II epochs, while it was subaerial in the III epoch 
(Di Vito et al., 1999). Complex pyroclastic sequences and four lava units, 
produced by mostly explosive monogenetic volcanic activity, are the 
main characteristic of the about 70 volcanic units recognized trough 
outcrop and borehole sequences (Di Vito et al., 1999; De Vita et al., 
1999; Smith et al., 2011; Ascione et al., 2021). The Agnano plain, 
located in the northeastern sector of CFc, was generated during the third 
period of CFc activity, by a volcano-tectonic collapse affecting an area of 
about 6 km2, related to the ~ 4400 years BP Agnano–Monte Spina 
eruption (Di Vito et al., 1999; De Vita et al., 1999; Smith et al., 2011). 
The collapse was preceded by fracturing of the vent area and occurred 
through variable episodes of sinking. Both fracturing and sinking epi
sodes resulted in the migration of the vent and influenced the dynamics 
of the magmatic reservoir. The collapsed area was delimited by NE–SW 
and NW– SE faults that likely resulted from partial reactivation of old 
faults. The net vertical displacement during collapse was 35 m. The 
Agnano plain continued to subside at least until the Astroni eruption 
occurred at about 3800 years BP, and the actual plain shape takes into 
account this northwestern volcanic apparatus (De Vita et al., 1999). 
Main information about the stratigraphic sequence unit present in the 
subsoil of southern sector of the Agnano plain derive from the inter
pretation of a borehole (Well 46 in Fig. 1) which show an alternance of 
deposits attributed to Costa San Domenico, Monte S. Angelo, 
Agnano-Monte Spina and Astroni tephras intercalated by marine and 
palustrine sediments (Di Vito et al., 1999). 

3. Data and methods 

Geophysical methods combined with geology and chemical analysis 

Fig. 2. Localization of all acquired data on orthophoto image (from Google Earth) of the eastern Agnano caldera. Gravimetric (Orange lines), geoelectric (Red lines), 
and seismic (green dots) profiles along the southern and northern sides of AH. Yellow diamonds and pink circles are the wells sampled for physico-chemical and 
stratigraphic analysis, respectively. Yellow diamond n◦5 is the De Pisis spring. 
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of thermal fluids, are very significant for systematic exploration of 
geothermal reservoirs, due to their permeable characteristics and hot 
fluids circulations inside conduits such as faults and fractures (e.g., 
Barone et al., 2019; Muth et al., 2021; Gola et al., 2021). So far, gravity 
and electrical resistivity surveys represent particularly suitable 
geophysical methods for the surface exploration of geothermal resources 
and production fields (Bruno et al., 2007; Carrier et al., 2019; Lichoro 
et al., 2019). Geoelectric methods, such as electrical resistivity tomog
raphy (ERT), have been widely used in geothermal areas, as reservoir 
temperature, fluid salinity, and hydrothermal alteration cause large 
variation in the subsurface electrical conductivity or its reciprocal, 
electrical resistivity (e.g., Ahumada et al., 2022). On the other hand, the 
gravimetric method can be particularly useful for deriving information 
about the main lateral density variations, closely associated with sub
surface lithological and structural configurations (Telford et al., 1990; 
Atef et al., 2016; Milano et al., 2020; Guglielmetti and Moscariello, 
2021; Varfinezhad et al., 2022). 

3.1. ERT survey 

The theories and applications of 2D ERT technique to monitor 
geothermal site (Drahor et al., 2014; De Giorgi and Leucci, 2015; 
Blázquez et al., 2022) and in general to study the active sector of Campi 
Flegrei caldera (Gresse et al., 2017; Di Giuseppe and Troiano, 2019), are 
well established. In this study we conducted two Electrical Resistivity 
Tomography surveys along the southern and northern sides of AH 
(Fig. 2). The ERT survey was carried out using an IRIS Syscal-Pro 
96-node imaging system with stainless-steel electrodes. The data were 
collected using the Schlumberger reciprocal array to allow for a high 
in-depth resolution while maintaining the degree of sensitivity to hori
zontal changes in resistivity. The two south and north W-E oriented 
profiles (Fig. 2), were acquired using 96 and 60 electrodes, 10 m equally 
spaced, for a length of 950 and 590 m, respectively. Electrode co
ordinates were calculated using a real-time kinematic Global Positioning 
System (GPS) with 2 cm accuracy. To determine the true subsurface 
resistivity, an inversion of the measured apparent resistivity values was 
performed. The datasets were inverted using the software developed by 
Loke (Loke and Barker, 1996a, 1996b) using a forward modeling sub
routine to calculate the apparent resistivity through a nonlinear 
least-squares optimization technique. The inversion routine is based on 
the smoothness-constrained least-squares method (Sasaki, 1992), 
implemented into Occam’s optimization algorithm (La Brecque et al., 
1996), which contemporary provides the resistivity model and the Root 

Mean Square (RMS) error between the calculated and the measured 
pseudo-sections. The interpreted model is, then, considered as a repre
sentation of the “true” resistivity of the subsurface, when a close match 
is made between the modeled resistivity profile and the apparent re
sistivity inversion profile. 

3.2. Gravimetric survey 

Two gravimetric surveys were conducted along the two profiles 
selected for the above ERT surveys, but extending their lengths to 1100 
m and 780 m along the south and north sides of AH, respectively (orange 
lines in Fig. 2). We collected a total of 190 gravity measurements with a 
10 m horizontal spacing by using a Scintrex CG-5 AUTOGRAV 
microgravity-meter, which ensures a 1 µGal (10− 3 mGal) precision and 
standard deviation < 5 µGal. The gravimetric dataset was firstly pro
cessed to obtain the complete Bouguer anomalies under the usual cor
rections (e.g., Milsom and Eriksen, 2011). For each gravity station, we 
estimated the gravity acceleration by averaging three consecutive 
measurements in order to ensure the accuracy of the measurement 
below the instrumental standard deviation. The tidal effect was auto
matically reduced by the CG-5 instrument’s built-in software. The drift 
effect was instead estimated and removed from the data by repeating the 
measurement at a single base station with a time interval of 1 hour and 
30 min. The free-air anomalies were obtained using the classical formula 
of the free-air reduction gfac = 0.3086 h where h is the altimetric distance 
from the reference ellipsoid. We then obtain the simple Bouguer 
anomalies using the Bouguer slab formula: gbgc = 2πGρT, where T is the 
Bouguer slab thickness; G = 6.67 × 10− 11 m3 kg− 1 s − 2 is gravitational 
constant; ρ is the density of the slab (in g/cm3) (e.g. Milano et al., 2021). 
We set ρ=2.1 g/cm3 as suitable density for the shallowest alluvial 
sedimentary unit of the area. Finally, the terrain correction has been 
calculated using the Oasis Montaj software and a high resolution DTM, 
out to 200 km from each gravity station, to obtain the complete Bouguer 
anomaly using the formula: 

Δgcb = Go −
(
GT + gfac

)
−
(
gbgc + gtc

)
(1)  

where Go is the observed gravity; GT is the theoretical gravity; gfac is the 
free-air reduction; gbgc is the Bouguer slab correction and gtc is the terrain 
correction. It should be noted that at the local scale of the micro
gravimetric survey, the variation of GT is negligible and can be assumed 
to be constant. In the following, the gravity anomalies are therefore 
expressed as relative gravity variations with respect to the minimum 

Fig. 3. Bouguer gravity anomalies profiles: a) South; b) North.  
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value. In Fig. 3 we show the complete Bouguer gravity anomalies of both 
southern (a) and northern (b) profiles. The anomalies show a maximum 
amplitude of about 0.3 mGal along the profile South with three main 
highs at around 100 m, 500 m and 950 m, while a general higher 
amplitude is observed in the profile North with a peak at about 500 m. 

To investigate the depth, shape and density contrast of the subsur
face sources we performed a multiscale analysis of the gravity data by 
using the CompactDEXP (CDEXP) method (Liu et al., 2020; Baniamerian 
et al., 2016). The CDEXP is a multiscale iterative imaging method based 
on the DEXP method (Fedi, 2006). In general, the DEXP transformation 
of the qth order vertical derivative of the field is defined as (Fedi and 
Pilkington, 2012): 

Ω(q)(x, y, hi) = h

(
q+N

2

)

i
∂qf (x, y, z)

∂zq

⃒
⃒
⃒
⃒

z=zi

i = 1, ...,L. (2)  

where x, y, z are the coordinates of the position vector, f is the potential 
field and hi=|zi| is the ith depth level that corresponds to the ith altitude. 
The DEXP method consists of building a 3D dataset by using the upward 
continuation (e.g., Mastellone et al., 2014) up to the ith altitude. The 
stability of the upward continuation with respect to high-frequency 
noise allows applying the DEXP transformation even to high-order de
rivatives of potential fields (Fedi, 2006). Then, the upward continued 
field is scaled by a power law whose exponent depends on the source’s 
structural index N. The latter is related to the fall-off decay of the field 
versus distance and reflects the type of source, which for a homogeneous 
source can be defined as: 0 for contacts, 1 for sheets, 2 for cylinders and 3 
for spheres (e.g., Reid et al., 1990). It follows that the correct choice of N 
is crucial for proper imaging of the subsurface sources (e.g., Paoletti 
et al., 2022). Here we estimated N from the gravity data using the 
technique described in Fedi et al., (2007), Florio and Fedi (2006), and 
Fedi et al., (2009), which is based on the scaling function analysis of the 
potential field (see Florio and Fedi, 2006, for details). In particular, the 

scaling function analysis yields information about the homogeneity 
degree value (n) which is related to the structural index (N) by the 
following formula (e.g., Paoletti et al., 2020): 

N = − n + q (3)  

with q being the field differentiation order. 
The source model provided by the DEXP method, however, consists 

of a smooth image of the subsurface sources, and the corresponding 
predicted data may not well fit the measured data. Therefore, such a 
model can be improved to reconstruct a geologically feasible distribu
tion of the source. This can be achieved by implementing a compacting 
function, based on the estimated model at the previous iteration 
(Baniamerian et al., 2016; Liu et al., 2020): 

Wi = 1 +
ρi− 1

2

σ2
(4)  

where ρi is the density model obtained at the (i-1)th iteration, and σ is a 
positive-value parameter with the same dimension as physical property 
that controls the degree of compactness or focusing. 

Therefore, the model at the ith iteration is given by: 

ρi = ρi− 1 + kiWi− 1AΩdif (5)  

and accordingly, we obtain the calculated field as: 

dcal
i = Aρi (6)  

where A is the kernel matrix Ωdif , is the DEXP of data misfit and ki is a 
constant. The latter converts the DEXP model into the physical param
eter by performing a linear regression of the data misfit vs the field 
predicted from Ωdif at the iteration (i-1) with unit density (Baniamerian 
et al., 2016). 

Therefore, before performing the CDEXP analysis we estimated the 

Fig. 4. Results of the CDEXP analysis along profile South. a) gravity data fitting; b) Density contrast model; c) Resistivity model obtained from the inversion of the 
ERT data. White dashed lines represent the interpreted structural features. 

M. Iorio et al.                                                                                                                                                                                                                                    



Geothermics 121 (2024) 103049

6

structural index N using the scaling function method. However, to better 
discern the source contributions within the gravity signal, such as den
sity contrasts arising from faults and/or lithological boundaries in the 
geothermal area, we computed the first-order vertical derivative of the 

gravity datasets (Kelemework et al., 2021; Sakhare et al., 2023). The 
scaling function analysis was performed along both profiles, and the 
results are presented in Supplementary Figure S1. From this analysis, it 
is evident that by selecting the right depth to the source, the curve of the 

Fig. 5. Results of the CDEXP analysis along profile North. a) gravity data fitting; b) Density contrast model; c) Resistivity model obtained from the inversion of the 
ERT data. White dashed lines represent the interpreted structural features. 

Fig. 6. Orthophoto image (from Google Earth) with superimposition of the contour map of the fundamental frequency peak (f0) derived from HVSR analysis of 
microtremor data, gravity anomalies data (I,II,III, this paper) and previously known faults (red lines, after Isaia et al., 2015). 
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scaling function becomes flat, with the intercept serving as an estimate 
of the homogeneity degree, which is approximately n=− 1.1 for a depth 
of 0.1 km. Consequently, using Eq. (3) and considering that we 
employed the first-order vertical derivative of the gravity data (q = 1), 
we derived N = 0.1. This value clearly indicates that the causative source 
of the gravity anomalies along both profiles can be assumed to be very 
close to the value associated with contact/fault-like sources (N = 0) 
(Reid et al., 1990). In next section we discuss the model inferred from 

the CDEXP imaging analysis performed for both profiles, to model the 
main subsurface structures below the AH. 

3.3. Seismic noise data analysis 

The measurements and analysis of ground vibrations induced by 
uncontrolled sources, the so-called "environmental seismic noise" (dis
placements of the order of 10− 4–10− 2 mm) have been carried out along 
three passive seismic profiles, in the central-eastern sector of the AH, 
ENE-WSW, WSW-ENE, NE-SW oriented with a length of 455, 455, 210 
m, respectively (Fig. 2). Horizontal to Vertical Spectral Ratio (HVSR) 
measurements of single-station microtremors have been performed with 
an intergeophonic distances of 35 m and a time sampling of 8 ms. The 
location of total 35 free-field HVSR measurements, taken on an area of 
about 0.15 km2 are shown in Fig. 2. The data were acquired with 4.5 Hz 
triaxial geophones, all oriented according to a common reference 
(magnetic north pole). The noise data were amplified and digitized 
through the use of 24-bit GEODE seismographs and acquired at the 
sampling frequency of 125 Hz. In order to produce robust estimates of 
the environmental vibrations field, the overall duration of the recording, 
for each profile, was over 60 min (SESAME, 2004). The HVSR mea
surements were acquired in order to evaluate the fundamental fre
quency f0 in the study area (Nakamura, 1989; Kramer, 1996), which can 
be immediately correlated to the period (T) of oscillation of the site (T =
1/f0). The basic goal of HVSR technique is to retrieve information of 
seismic impedance contrasts in the subsoil, responsible for the seismic 
resonance phenomena, which supports the creation in very different 
area of a reference geological model (e.g., Di Stefano et al., 2014; 
Mulargia and Castellaro, 2016; Imposa et al., 2017; Di Fiore et al., 2020; 
Nardone et al., 2020; Mitjanas et al., 2021). Geopsy software (Wathelet 
et al., 2020) has been used to compute the distribution of the natural 
frequency value; the data were smoothed using the Konno and Ohmachi 

Fig. 7. Groundwater contour lines (in m a.s.l.; June-July 2021). Blue and red dots indicate sampled wells and the De Pisis spring (n◦ 5 – Table 1) of the Terme di 
Agnano, respectively. 

Fig. 8. Study area location (red) and groundwater contour lines (m a.s.l.) of the 
CFc (from Autorità di Bacino Nord-Occidentale della Campania, 2004). 
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(1998) method, using a bandwidth coefficient (b) value of 40. Finally, a 
mean horizontal-to-vertical (H/V) curve was estimated for each point 
following the standard criteria adopted globally (SESAME, 2004). These 
parameters define the statistical robustness of the HVSR curve so that 
the identified curve can be considered significant for the purpose of 
identifying a possible site resonance frequency. Subsequently, the 
computed resonance frequency (f0) is used to estimate unconsolidated 
sediment thickness and to map the bedrock surface (Ibs-von Seht and 
Wohlenberg, 1999; Delgado et al., 2000; Parolai et al., 2002). The 
theoretical bases of this technique are simplified in a 2 layer 1-D model 
in which parameters are constant within each layer. In the latter case, 
the depth h of the seismic discontinuity is immediately derived from the 
free-surface resonance equation: 

h = V/(4 f0) (7)  

where V is the seismic wave velocity of the upper layer and f0 is the 
resonance frequency which appears as a peak in the H/V curve (Naka
mura, 1989). 

3.4. Stratigraphic records 

In this study we collected 14 sedimentary records, from wells drilled 
in the last 50 years in the central-eastern sector of the Agnano caldera, 
with variables depths ranging from − 20 to − 107 m, and a new drill 
performed by the Trivellazioni Italia S.r.L. in November 2017 in the 
western side of the AH in the frame of GeoGrid project. Their localiza
tions are indicated by pink circles, in Fig. 2. The new well was drilled by 
means of a small diameter drilling rig and core drilling equipment 
complete with thermal probes and metrics. The drilling proceeded by 
core destruction and reached a depth of - 105 m. Its localization is shown 
in Fig. 2 with number 12. 

3.5. Hydrogeochemical analysis 

Thirteen water samples and groundwater level measurements (Yel
lows diamonds in Fig. 2) were collected in twelve pre-existing wells and 
in the one newly drilled during the GeoGrid project (number 12 in 
Fig. 2) in the central-eastern sector of the Agnano caldera. Physico- 
chemical analyses were performed in all the water points collected, 
and the waters samples chemical data were brought together in homo
geneous sets based on the analysis of the Schoeller-Berkaloff diagrams. 

3.6. The geogrid viewer: A graphic web application 

All collected and geolocalized data have been visualized in the Web 
Application, Geogrid Viewer, especially developed, through different 
programming languages (e.g. PHP, HTML 5, CSS), during the GeoGrid 
project, to allow the integration of all multi-parameter analyzed and 
interpreted data in an interactive three-dimensional graph format. 

4. Results 

4.1. Density and resistivity subsurface models 

Results obtained from the CDEXP analysis and the ERT data inver
sion for profiles South and North, are shown in Fig. 4 and 5, respectively. 
As mentioned above, the CDEXP analysis was performed on the first- 
order derivative of the gravimetric data, which are shown in Figs. 4a 
and 5a (blue line) for the north and south profiles, respectively. In 
particular, along the southern profile (Fig. 4a), the gravity gradient 
shows two prominent maxima with a wavelength of about 150 m on the 
western and eastern sides and a broader gravity maximum in the central 
part. Conversely, three main gravity minima are identified at approxi
mately 200, 800 and 1100 m from W, labelled as ‘I’, ‘II’ and ‘III‘, 
respectively (Fig. 4a). Instead, along the northern profile, we can mainly Ta
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Fig. 9. Schoeller-Berkaloff hydrochemical diagrams (values in meq /L): a) De Pisis spring (n◦ 5) and mean values of the three water data sets A, B, C (see text); b) 
seawater (top) and De Pisis spring (bottom) graphs. 

Fig. 10. Cl contour lines (mg/L); numbers close to the wells are respectively T ( ◦C) and TDS (mg/L).  
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identify a gravimetric high in the central part, laterally delimited by two 
main gravity lows, again labelled as ‘I’ and ‘II’ in Fig. 5a. However, in 
this case, we do not recognize a third eastern gravity low as for profile 
south, probably due to the limited extension of the northern profile 
compared to the southern one. Additionally, for both datasets, we also 
show the data calculated from the derived model at the end of the 
iterative process (dashed red lines), allowing us to observe a very good 
fit obtained for both profiles (Fig. 4a and 5a). The inferred CDEXP 
models in Figs. 4b and 5b show a complex subsurface architecture with 
density contrasts gradually increasing with depth up to about 0.2 g/cm3 

and probably controlled by structural elements. Along the southern 
profile (Fig. 4b), the model shows a general trend of high density values 
at shallow depths (~40 m) bordered by three depression characterized 
by lower density values (dashed white lines in Fig. 4b), located 
approximately at 200, 800 and 1100 m from the west. Such a structural 
setting is consistent with the three gravity lows observed in the gravity 
gradient (’I’, ’II’ and ’III’ in Fig. 4a) and with the large central gravity 
maximum (> 2 × 10− 3 mGal/m) between 200 and 800 m (Fig. 4a). 
Furthermore, the near asymmetry of the large central gravity maximum 
is also reflected in the gravity model, where the higher density layers 
(0.1–0.2 g/cm3) show sharp and gradual deepening to the west and to 
the east, respectively (Fig. 4b). 

Similar results are evident along the northern profile shown in 
Fig. 5b. The model indicates high density values at shallow depths (~20 
m) within the central region and the presence of two prominent lateral 
depressions which align with anomalies ’I’ and ’II’ identified in the 
gravity gradient profile (Fig. 5a), situated roughly at 50 and 750 m from 
west to east, respectively. Moreover, given the parallel alignment of the 
western starting points of the two gravimetric surveys (Fig. 2), a west
ward shift of about 150 m of the anomaly ’I’ is observed moving from the 

southern gravity profile to the northern one, while this shift is not 
observed for anomaly “II”. Finally, the easternmost depression of the 
south profile, associated with gravity minimum ’III’ in Fig. 4b cannot be 
identified along the north profile due to its limited extent. Passing to the 
ERT data, it is found that the low resistivity values obtained for the two 
models (1 to 150 Ωm) (Fig. 4c and 5c) are in good agreement with 
previous 2-D ERT studies carried out in neighboring areas (Bruno et al., 
2007; Byrdina et al., 2014; Isaia et al., 2015; Gresse et al., 2017). 
Moreover, knowing that the resistivity distribution can be interpreted in 
terms of soil lithology, degree of saturation and that resistivity increases 
are linked to grain size and cementation, the ERT profiles were 
compared to the gravimetric surveys. Although the two ERT profiles 
were limited in extent respect with the gravimetric profiles, we can 
observe an overall agreement in the geological interpretation of central 
eastern sector, where resistivity values, reaching up to 80 Ωm could 
correspond to the presence of non-consolidated pyroclastic and tephra 
deposits (Gómez-Ortiz et al., 2007; Komori et al., 2014). Moreover, 
along the sector of southern ERT profile covering the gravity profile, it is 
possible clearly recognize a structural element at about 800 m corre
sponding to the anomaly II of the gravimetric profile (Fig. 4b and 4c 
white dashed line), reaching almost the same depth as observed in the 
density model. In addition, both resistivity models provide useful in
formation about the subsurface hydrothermal system which is identified 
by very low values of the electrical resistivity (<20 Ωm) in the western 
sides of both profiles (Fig. 4c and 5c). In fact, these areas of low values 
could indicate the presence of structures that favor the rise of hydro
thermal fluids, likely associated with structural depression correspond
ing to the gravity anomaly ‘I’ (Fig. 4a and 5a), not detected by the ERT 
profiles because of their limited extension. 

Fig. 11. Stratigraphic logs and hypothesized correlations of wells 12 and 4 (this paper) and well 46 (Di Vito et al., 1999). See Figs. 1 and 2 for localization. Origin of 
wells 12 and 4: Trivellazioni Italia S.r.L. 2017 (GeoGrid project) and Istituto Nazionale Previdenza Sociale I.N.P.S. (1965), respectively. Sedimentological legend as in 
Figure. Well 46 stratigraphic position of CFc volcanic units and marine/palustrine deposits: Costa San Domenico tephra (CSD), Monte Sant’Angelo tephra (MSA), 
Agnano Monte Spina tepra (AMST), Astroni 1,2,3 tephra (AS), as recognized by Di Vito et al. (1999). 
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4.2. Passive seismic model 

The HVSR peaks frequencies determined at each point were used to 
plot the isofrequency contour, showing the f0 of the overburden (Fig. 6) 
associated with the thickness of the surface layers above the seismic 
bedrock (Molnar et al., 2022). Microtremor measurements provided a 
frequency range from 2.42 to 8.58 Hz for the fundamental resonances of 
sites. Subsequently the principal seismic impedance contrasts recorded 
in the 35 site tests were translated in stratigraphic information using the 
Eq. (7) and an average VS value equal to 650 m/s (Petrosino et al., 2006). 
The Eq. (7) leads to detect an impedance contrast from about − 20 to 
− 70 m depths from the northcentral to southeastern sector of AH. These 
depth changes suggest a southeastward deepening of the seismic 
bedrock surface and an increase in the thickness of the sedimentary 
cover. Such bedrock trend does not appear to be related to known faults 
(Fig. 6). However, it is also not possible to attribute the observed un
dulations in the bedrock to an unknown structural element oriented in 
the NE-SW direction (e.g., a structure connecting anomalies II and I of 
the northern and southern gravimetric profile of AH, Fig. 6), either 
because of the presence in the southern gravimetric profile of a central 
maximum showing a gradual deepening toward the east (Fig. 4a, b), or 
because of the uncertainty on the interpolated seismic data, due to the 
limited coverage, in the south-central sector of AH (Fig. 2). 

4.3. Hydrogeological data results 

The groundwater level survey in thirteen wells in the east-central 
sector of the Agnano caldera (Fig. 7) shows, even locally, the presence 
of a single groundwater body due to the concordance of water levels in 
wells of different depths. These levels are in agreement with previous 
data which indicate that, in the CFc, meteoric waters feed a single 

groundwater body with the highest level (22 m a.s.l.) recorded in the 
Marano-Calvizzano area and with a radial runoff reaching the sea along 
the coastline. Elsewhere, groundwater determines subsurface flows to 
the plains bordering the Campi Flegrei area (Corniello and Nicotera, 
1981; Autorità di Bacino Nord-Occidentale della Campania, 2004; De 
Vita et al., 2018) (Fig. 8). Moreover, the groundwater contour lines in 
Fig. 7 show a sharp drop due to the drainage exerted on the groundwater 
by the Agnano caldera outlet channel. In the south-eastern area of the 
Agnano caldera, De Pisis spring (Fig. 7), which is thermal (T > 50 ◦C) 
and rich in CO2, determines anomalous groundwater levels around the 
spring. Specifically, the groundwater level is approximately 7 m above 
sea level in an area where groundwater levels are typically lower (see 
also Bruno et al., 2007). 

4.4. Geochemical data results 

Physico-chemical analyses were performed in all water points in 
Fig. 7. The results are shown in Table 1, in which the waters, based on 
the analysis of the Schoeller-Berkaloff diagrams, were brought together 
in three homogeneous data sets (A, B, C). Moreover, we observe that 
arsenic values in groundwater are above the potability limits throughout 
the area (10 µg /L – Italian Legislative Decree 18/2023). 

Set A: includes water samples n◦ 1, 2, 3, 6, 7 and 15 of the eastern 
sector of the Agnano caldera (Fig. 7 and Fig. 9a); these waters have high 
salinity (average TDS = 1718 mg/L) and an average value of [(Ca +
Mg)/(Na + K)] = 0.39 (values in meq/L, here and elsewhere). Similar 
water characteristics are shown by the De Pisis spring (Fig. 7 and n◦5 in 
Fig. 9a) which has: T = 57 ◦C; TDS = 7450 mg/L and [(Ca + Mg)/(Na +
K)] = 0.19. The chemical characteristics of the spring and Set A water 
samples are influenced by their proximity to the faults system (Di Vito 
et al., 1999; Isaia et al., 2015). It is likely that high temperature gases 

Fig. 12. Geo-localization of gravimetric, seismic, stratigraphic and Physico-chemical data presentation (Geogrid Viewer software). Large, middle and little squares 
indicate temperature (◦C), conductivity (µS/cm) and hydrogen carbonate contents (mg/L) of selected water samples (see text for details) respectively. Columns: a e b 
wells 12 and 4 stratigraphic logs (see text for color scale meanings), c and d North and South gravimetric profiles, e Seismic bedrock from − 25 to − 70 m, f data scales. 
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(essentially CO2) rise along the faults increasing the reactivity of the 
groundwater towards the reservoir rock. The rising would be particu
larly intense at the De Pisis spring and less significant for the other 
waters of the set; in addition, the chemical profile of the De Pisis spring 
tends to the typical profile of seawater (Fig. 9b). 

In fact, given the proximity of the Agnano caldera to the sea, the 
upward movement of deep-seated gases is likely to introduce seawater 
or deeper brine into freshwater sources (Valentino and Stanzione, 2004; 
Ebrahimi et al., 2022). This phenomenon is particularly pronounced at 
the De Pisis spring (n◦ 5) and to a lesser extent in surrounding areas (see 
Fig. 10). The composition of the infiltrating fluid may indeed include 
brine, indicated by a Br/Cl ratio exceeding that typically found in 
Mediterranean waters (~ 3.4 × 10− 3, Yongje et al., 2003; Yasong et al., 
2021), especially considering the limited human activity in the vicinity, 
which would rule out an anthropogenic source of bromine (Adel et al., 
2012). Moreover, the elevated HCO3 concentration in the De Pisis water 
sample (n◦ 5) compared to seawater is attributed to its high CO2 content. 

Set B: includes the water samples in the northwestern area of the 
caldera (n◦ 9, 10, 11, 12 and 14 in Fig. 7 and Fig. 9a). Here the average 
TDS is 906 mg/L and the average value of the ratio ionic [(Ca + Mg)/(Na 
+ K)] is 0.69. This chemism (Fig. 9a) is consistent with that of the 
common waters of the CFc (Corniello, 2009). 

Set C: includes the water samples of wells n◦ 8 and 13 (Fig. 7 and 
Fig. 9a) which have a chemical graph similar to the water samples of 
data set A but showing higher thermal levels and CO2 content, with the 
exception of the De Pisis spring (Fig. 10). 

4.5. Stratigraphic data correlations 

Among the fourteen sedimentary well records analyzed (Fig. 2), only 

those belonging to wells 4 and 12 were considered useful to interpret the 
geophysical models. The stratigraphy of well 12 (this paper, 105 m of 
recovery) consists, from top to bottom, of 25 m of loose sand, 78 m of 
lavas deposits, and 2 m of clay sediments (Fig. 11). In well 4 (drilled by 
Istituto Nazionale Previdenza Sociale, I.N.P.S), however, the upper 5 m 
consists of marsh deposits, followed below by 32 m of rather compact 
sandy pyroclastic deposits, between − 37 and − 93 m, an alternation of 
different sizes pyroclastic deposits with lava fragments is found, while 
trachytic lavas are recovered from − 93 to − 98 m (Fig. 11). 

So far, the most interesting characteristic for both wells 12 and 4 is 
the presence of lavas deposits at different depths (− 25 and − 98 m, 
respectively). Even though it is not possible to attribute a certain origin 
to the recovered lava deposits based only on sedimentary descriptions, 
however the recovered lavas could probably belong to the Agnano- 
Monte Spina eruption due to the position of well 12. In fact, well 12 is 
close to the northern side of Monte Spina hill (Figs. 1 and 2) where Di 
Vito et al. (1999) reports the presence of not exposed Monte Spina lavas. 
In addition, Orsi (2022) (and reference therein) always in the same area, 
indicates the presence of a structural feature active during the Agnano 
Monte Spina eruption and vents active in epoch 3 (Fig. 1). Nevertheless, 
the affiliation of these deposits with nearby eruptions of the Astroni 
volcano cannot be totally excluded, as Tonarini et al., (2009), report that 
two out of seven eruptive events ended in low-energy explosions and 
lava extrusion. 

The proximity of well 4 to well 46 (Fig. 2), for which volcanic units 
and marine/palustrine deposits are well-related to CFc eruptions (Di 
Vito et al., 1999), allows a potential correlations. However, as shown in 
Fig. 11, this correlation is feasible for the uppermost palustrine deposits 
alone. Given that these deposits lie beneath the Astroni deposits, it is 
plausible to propose a connection between the recovered lava deposits in 

Fig. 13. South-western view of the 3D subsoil morphology of Eastern Agnano caldera by gravimetric (intervals 0.10–0.12 and 0.16–0.2 g/cm3), seismic, stratigraphic 
and Physico-chemical data. Red arrow indicates the south-eastward deepening of the seismic bedrock and of the density model. Meanings of large, middle, little 
squares and columns a and b as Fig. 12. 
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well 4 and the Agnano Monte Spina volcanic event, rather than the 
Astroni event. 

The different recovery depths of the lava deposits in wells 12 and 4 
(Fig. 11) are strictly in agreement with the deepening of the seismic 
bedrock (e in Fig. 12), allowing us to assume the probable existence of a 
single lava body displaced during the volcano-tectonic collapse of the 
Agnano plain. This hypothesis is consistent with de Vita et al., 1999, 
who calculated, based on the volcanic units of well 46, a net lowering of 
the plain of 60 m following multiple phases of fracture and collapse. If 
we subtract this 60 meter from the lava depth (− 93 m) of well 4, the lava 
deposits will reach approximately a depth of − 30 m, so a depth similar 
to that of the lavas (− 25 m) observed in well 12. The presence of a single 
lava body, if confirmed, would suggest a non-uniform sinking of the 
Agnano plain. 

5. 3D model of north Agnano caldera and discussion 

Here we provide a multidisciplinary 3D representation of the AH 
subsurface by integrating the gravimetric and seismic modeling results, 
the wells stratigraphy data (12 and 4) and 7 on 14 water samples of 
which temperature, conductivity and hydrogen carbonate (T, Cond and 
HCO3 respectively in Table 1) values are > of 25.5 ◦C, 2000 µS/cm, 600 
mg/L (Fig. 12). 

It is worth noting that the two gravimetric models show similar 
density contrast values at different depths, which also agree with the 
main lithological boundaries deduced from both wells 12 and 4 
(Fig. 12a, b, c and d). In particular, the shallowest sector, down to about 
− 40 m, has low density values (0–0.06 g/cm3), which are interpreted, 

based on the stratigraphy of wells 12 and 4, as marsh and loose sandy 
pyroclastic deposits (Blue-light blue colors in both gravimetric models 
and wells of Fig. 12). At greater depths, on the south-eastern side of AH, 
we observe a close correspondence between the density contrast values 
(0.07 to 0.09 g/cm3) and the sedimentary unit of well 4 down to − 93 m, 
associated with pyroclastic and lava fragments deposits of different sizes 
(Heavenly-light green colors in both gravimetric models and well 4 of 
Fig. 12c, d and b). Finally, we observe the higher density contrast values 
(0.10 up to 0.2 g/cm3) (Yellow to deep red colors in Figs. 12c and d) 
interpreted as corresponding to the lavas deposits found in wells 12 and 
4 at depths ranging from − 25 to − 103 m and from − 93 to − 98 m, 
respectively. (Yellow color in Fig. 12a and b). From the linear interpo
lation, through a grid of 70-meter intervals, of the wells stratigraphy and 
density contrast models, 3 additional profiles were generated from the 
Geogrid viewer software (at 70, 140 and 210 m from the AH southern 
gravity profile towards the northern one). The additional profiles were 
generated assuming that, due to the short distance (~300 m) between 
the two gravity profiles, the gravity model depressions relative to 
anomalies I and II are corresponding to same geological structures 
crossing both profiles. Subsequently, within the Geogrid viewer soft
ware, density contrast values, from both the obtained and generated 
profiles, were clustered in several data sets. The data set intervals were 
chosen based on the main sedimentological well characteristics. Finally, 
we used the Delaunay triangulation method (Delaunay, 1934) to 
develop a 3D model of the lithological/density contrast data sets 
beneath the AH. In Fig. 13, among the available dataset, the 3D models 
relative to intervals 0.10 to 0.12 g/cm3 (Yellow) and 0.16 to 0.2 g/cm3 

(Red) are shown. 

Fig. 14. Northern view of the 3D subsurface morphology model of Agnano caldera. The density contrast models (intervals 0.10–0.12 and 0.16–0.2 g /cm3) identify a 
western and eastern subsurface morphology variability (Red arrows). Data scale as legend. Well 12 (number12) stratigraphic logs (see text for color scale meanings). 
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From the models it is possible to notice a subsurface morphology 
with a general south-eastward decreasing and this finding is in agree
ment with the deepening trend of the bedrock surface (e in Fig. 12) 
obtained by the passive seismic data. Subsequently the seismic bedrock 
surface was incorporated in the 3D model, confirming in particular: the 
presence of lava deposits at − 25 mt in well 12 (a in Fig. 13), the high 
density layers shallow trend (~20 m) for the north gravimetric model 
(Fig. 5b) and the eastern gradual deepening for the south gravimetric 
model (Fig. 4b). Finally the subsoil morphology variability in the 3D 
model is shown other than in the south-eastward decreasing also in the 
western side of AH with the sharp deepening of the high density layers 
(Figs. 4b, 5b and 14). 

As known, the volcano tectonic collapse of the Agnano caldera is 
delimited by two main NE–SW and NW–SE trending faults that often 
result from partial reactivation of pre-existent faults (Di Vito et al., 1999; 
De Vita et al., 1999; Smith et al., 2011; Isaia et al., 2015, 2022), our 
inferred lateral geological depressions, below the AH, occur in the 
proximity of three of these faults (a,b and c in Fig. 15 after Isaia et al., 
2015) and correspond closely, or are in the immediate vicinity, of 
groundwater exhibiting high temperatures and TDS values. 

This is evident (water samples 13, 8 and 15, in Fig. 15) for the sharp 
western and far eastern depressions below AH (gravimetric anomalies I 
and III in Figs. 4a, 5a and 15). Furthermore, piezometric outcropping 
occurs (water sample 14, Fig. 15) also in correspondence of both 
observed anomalies II and fault b (Isaia et al., 2015) (Fig. 15), probably 
as the fault makes the local pyroclastic materials more easily erodible. 
Moreover, the two depressions (anomalies I and II) show different de
grees of dislocation from west to east along the northern and southern 
AH sides (Fig. 14). This is probably due to the fact that the main western 
depression of the AH (Anomalies I) also involves a NW-SE oriented 

structure that crosses the AH from north to south (as evidenced by the 
150 m shift of anomaly I from profile north to south, Figs. 4a and 5a), 
this structure, conjugated with the known NE-SW fault (a in Fig. 15, Isaia 
et al., 2015), probably causes the greatest degree of dislocation of the 
western depression of AH (Fig. 14). The pronounced dislocation and 
fracturing within the western sector may account for the rising of 
thermal waters with elevated thermal levels and CO2 content (water 
samples 13 and 8, set C in Section 4.4). Additionally, these geological 
phenomena likely contribute to the increased circulation of deep ther
mal fluids evidenced by the ERT analysis (Figs. 4c and 5c). So far, the 
presence of a large amount of mineralized water, which are not enriched 
by seawater input, and the understanding of the mineralization patterns 
in this structural controlled area, allows us to identify the best location 
for a geothermal exploration well, useful to derive an hydrogeological 
model of the area, for further low enthalpy geothermal sustainability 
exploitation (i.e. Corniello et al., 2015, Iorio et al., 2020). Finally, the 
NE-SW oriented alignment of the water samples (water samples 5, 6, 7, 2 
and 15 in Fig. 15) could represent a further evidence of the extension in 
the subsoil of the NE-SW ring fault which delimits the south-eastern 
Agnano caldera rim (c in Fig. 15 Isaia et al., 2015). The NE-SW fault 
extension intersect the E-W caldera rim fault (d in Fig. 15 Isaia et al., 
2015) probably creating an area of intense and deep fracturing which 
would allow the gases, feeding the spring De Pisis, to rise up. 

6. Conclusions 

A detailed reconstruction of the main geophysical, and geological- 
structural properties of a sector of Agnano caldera have been obtained 
by means of gravimetric, geoelectric and geochemical data acquired as 
part of the GeoGrid project. A three-dimensional representation of all 

Fig. 15. Orthophoto image (from Google Earth) with superimposition of previously known faults (Red Lines) after Isaia et al., (2015). White stars and labels for 
gravimetric anomalies I, II and III for both north and south profile. Squares, circle and numbers for wells sampled for Physico-chemical and stratigraphic analysis 
meanings as Fig. 12. White dot hot spring today hidden by highway foundations (Data from Plans for agricultural land Società Napoletana per le Terme di Agnano). 
White dashed line for alignments of water samples with T > of 25.5 ◦C, Cond > 2000 µS/cm and HCO3 values comprise from 600 to 1600 mg/l. 
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interpreted data sets was provided thanks to the use of the Geogrid 
Viewer software, which, using the developed geophysical models and 
integrating them with additional information from well surveys, made it 
possible to interpret the three-dimensional geometry and development 
of the main lithological interfaces of the subsurface. Therefore, it was 
found that the eastern sector of Agnano Caldera is characterized by a 
morphology strongly controlled by structural elements, which deter
mine an uplift in the central part below the Hippodrome, and two pro
nounced lateral depressions. Moreover, the observed general deepening 
of density interface southward and southeastward, is in good agreement 
with the seismic bedrock trend detected by a passive seismic survey, 
which extends to the central part of the caldera down to − 70 m, and 
with the presence of lava deposits found further south at − 93 m. The 
influence of structural elements on thermal fluid circulation was also 
analyzed by means of density contrast and coincident resistivity 
changes, and it was found that both geoelectric profiles show a major 
circulation of deep fluid in the area coincident with the major lateral 
north-western depression of AH. The fluid characteristic of this area 
shows (except for the de Pisis spring), among the analyzed water sam
ples, the highest temperature (39 ◦C), conductivity (4129 µS/cm) and 
hydrogen carbonate (2035 mg/L) values, and is only slightly enriched by 
sea water contribution. These results allow us to indicate this sector as a 
suitable area for future geothermal exploitation. The geochemical data 
extended to the entire basin confirm the structural control on the rising 
of gases and fluids from the depths. As a matter of fact, water samples 
having temperature, conductivity and hydrogen carbonate values major 
of 25.5 ◦C, 2000 µS/cm, 600 mg/L, are aligned along a NE-SW trajectory 
probably determined by the subsoil continuity of an outcropping fault, 
which was previously only hypothesized by other authors. The conver
gence of this fault extension with the known E-W South Agnano caldera 
rim fault could give rise to the De Pisis spring (T > 57 ◦C). Further an
alyses are certainly necessary to better understand the structural and 
thermal settings of the Agnano caldera and to further extend its inter
pretation at larger scale. The integration of additional geophysical and 
stratigraphic data can be particularly useful to determine lateral conti
nuity of the inferred geological structures. This study clearly demon
strates that a multidisciplinary approach is fundamental for 
investigating such complex geological and geothermal areas, where 
several different subsurface parameters can strongly vary event at short 
scale. Finally, knowledge of the thermal and chemical characteristics of 
the Agnano caldera groundwater will allow us to identify the most 
suitable techniques and areas for future sustainable exploitation of 
geothermal resources. 
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