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Abstract

The results of an analysis of Dipolar Geoelectrical (DG), Magnetotelluric (MT) and Self-Potential (SP) data
collected over the emerged portion of the Campi Flegrei (CF) caldera (South Italy) are presented. The DG and
MT data are from previous surveys, while the SP data have been recently collected during a survey consisting of
265 pickup land sites. Although the emerged part of the CF caldera appears as a highly inhomogeneous structure,
a few simple featurcs have been highlighted through an integrated analysis of subsets of consistent data. A well
resolved feature is the structural pattern of the caldera depression along a roughly E-W profile, deduced from a
2D combined interpretation of the MT and DG soundings. Resistivity dispersion effects have also been observed
at both ends of this profile. They have been ascribed to the presence of hydrothermaliy altered zones related to
the main fracture systems bordering the caldera. A pressure/temperature source body at a mean depth of about
5 km bsl under the Bay of Pozzuoli has been inferred from the analysis of the 3D SP tomography imaging.

Key words appiied geophysics — electric and electro- sulted from the two main collapses of decreas-
magnetic methods — Campi Flegrei caldera ing magnitude which followed the eruptions of
the Campanian Ignimbrite (37 ka) and the Nea-
politan Yellow tuff (12 ka) (Orsi et al., 1996).

1. Introduction Historical episodes like the Mount Nuovo erup-
tion in 1338 (Di Vito et al., 1999), the brady-
The Campi Flegrei (CF) volcanic area is lo- seismic crises of 1970-1972 and 1982-1984 (Orsi
cated in South Italy around the western urban et al., 1999a) and the persistent hydrothermal
territory of Naples. With the islands of Ischia and fumaroles manifestations (Martini ef al.,
and Procida-Vivara it belongs to the Phlegracan 1991) reflect a still intense activity within the
Volcanic District, where the beginning of activ- CF caldera (CFc).
ity is estimated older than 150 ka (Gillot ef al., The CF area has been intensively investigat-
1982). It is a resurgent nested caldera that re- ed from the volcanological point of view (Di

Girolamo er al., 1984; Rosi and Sbrana, 1987;
Orsi et al., 1996; Di Vito et al., 1999). Addition-
al indications have been obtained from seismo-
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Natale and Pingue, 1992; Orsi et al., 1999a.c),
gravity (Cassano and La Torre, 1987; Barberi
et al., 1991), magnetic (Cassano and La Torre,
1987; Orsi et al., 1999b), deep temperature (Che-
lini and Sbrana, [987; Wohletz et al., 1999) and
heat flow (Corrado er al., 1998) data. The re-
sults of all these studies strengthen the hypoth-
esis that the CFc is still a highly hazardous
volcano. However, the knowledge of the geo-
physical structure and dynamics of the CF sys-
tem is not yet complete. High-resolution inves-
tigations have long been required within the
caldera, mainly beneath the first 3-4 km of depth.

To contribute to fill this gap, this paper
presents the main electric properties of the
emerged part of the CFe. Indeed, the application
of electric and electromagnetic (EM) survey
methods in volcanic environments is justified
by the strong dependence of resistivity on the
physical state of rocks and the high sensitivity
of the electrical and EM methods in detecting
fracture and fault systems, besides lithological
variations.

In the CFe, electric and EM ground surveys
are affected by three unavoidable disturbing fac-
tors. The first factor is the intense urbanisation
that makes the area a rather continuous source
of electrical and EM noise. The second factor is
a diffuse presence of near-surface geological
inhomogeneities that are the sources of high
scattering of data in the survey diagrams. The
third factor is the impossibility of disposing of
a dense station network, due to both intense
urbanisation and very rough topography espe-
cially close to the caldera boundaries and the
numerous volcanic cones,

Notwithstanding these difficulties, the results
of our analysis contribute to draw a reference
model of the CFc. This model will provide use-
ful constraints for the design and execution of a
new marine EM survey that has been recently
planned in order to explore the submerged por-
tion of the caldera in the Bay of Pozzuoli.

2. Magnetotelluric interpretation strategy
by dipolar geoelectrical soundings

We carried out an analysis of the Dipolar
Geoelectrical (DG) survey data reported in Fedi

et al. (1986). In particular, we analysed two
conjugate sounding pairs aligned about N-§
(DG and DG2) and WNW-ESE (DG3 and DG4)
(see fig. 1). The DG sounding curves are drawn
in fig. 2a,b. The two main features emerging
from the scattered DG diagrams are a close simi-
larity between the N-S conjugate curves DG
and DG2 that show a logarithmic slope exceed-
ing 45°, and a cleur unconformity between the
WNW-ESE conjugate curves DG3 and DG4.
These two features likely suggest the existence
of a 2D shallow resistivity structure with a near-
Iy N-§ elongation direction. Such evidence can
be used to find a strategy for a preliminary
simplified interpretation of the magnetotelluric
(MT) soundings as follows,

In the 2D case, the MT impedance tensor
after rotation takes the antidiagenal form

0 z,
Z= .
Zy.\' 0

that corresponds to two EM polarisations, known
as the TE (Transverse Electric) mode with elec-
tric field parallel to strike and TM (Transverse
Magnetic) mode with magnetic field parallel to
strike. The accumulation of electric charges on
the lateral discontinuities will notably deform
the TM mode response compared with the 1D
MT response that we would obtain if the lateral
boundaries were not present. On the contrary,
the TE mode response will be less atfected and
will appear closely similar to the 1D MT re-
sponse (Wannamaker et al., 1984). This means
that a simplification in the analysis of a 2D struc-
ture by a [D MT inversion scheme can only be
permitted using the TE mode. We have consid-
ered this approach and adopted the 1D Bostick
inversion method to obtain preliminary mod-
elled sections across the CF MT profiles.

In 1D Bostick inversion, the relationship be-
tween resistivity p and depth z beneath a MT
sounding station is approximated as

-1
e d( z } _ 24m
Tz 2. i 2-m’

where p_ is the MT apparent resistivity in the

(2.1)

(2.2)
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Fig. 1. The Campi Flegrei survey area. The dotted circuits refer to the self-potential survey. The red triangles
indicate the magnetotellurics sounding stations. The blue diamonds with arrows indicate the dipole geoclectric

sounding stations and expansion axes, respectively.

specified mode and m is computed as

dlogp,

d]og«/?

The effect of Bostick algorithm is to smooth
away sharp resistivity contrasts and give a con-
tinuous resistivity-versus-depth profile. Owing
to its simplicity and robusiness, the 1D Bostick
method is currently used to generate fast elec-
tric images of the subsoil.

m =

(2.3)
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Now, we consider the N-S profile including
the soundings MT7, MT8, MT9, MT10, MT10-5
and MT11 (fig. 1). This MT profile is parallel to
the coastline bordering the CFc westwards. Fig-
ure 3a shows the N-S TE mode apparent resis-
tivity pseudosection, obtained using the MT
sounding curves reported by Hunsche et al.
(1981). Since the shoreline is an evident E-W
resistivity crossover, we had one more reason
for the MT TE mode curves to be approximated
by a ID Bostick inversion.
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Fig. 2a,b. The dipole geoelectrical sounding dia-
grams (redrawn after Fedi et al., 1986). Two pairs of
conjugate sounding curves are reported: the pair DG
and DG2 along a nearly N-S direction (a) and the pair
DG3 and DG4 along a nearly E-W direction (b).

Figure 3b shows a 2D envelope of the set of
I D Bostick resistivity-depth profiles below the
MT stations along the N-S profile. We observe
a nearly 1D resistivity distribution in the small
range 4-10 Q- m along the entire profile down
to a depth of about 1 km. Thus, regarding the
dimensionality point of view, the MT shallow

pattern closely conforms to the main feature of
the N-S DG diagrams. This N-S lateral uniform-
ity appears, however, abruptly violated in the
deeper southern part of the profile, between
soundings MT11 and MTI10. In fact, at a depth
of about 1 km we notice a resistive intrusion
steeply dipping northward to about 5 km in
depth. We suspect, however, that this marked
lateral feature is actually an artefact caused by
the use of an inversion approach that neglects
resistivity frequency dispersion. Indeed, disper-
sion phenomena in a conductive layer overlying
a resistive substratum cause an abnormal de-
crease of the MT apparent resistivity before it
starts rising toward the resistive asymptote for
longer periods. Such a decrease is spread over a
period range much larger than the normal range
for a conductive non-dispersive layer having the
same DC resistivity and thickness as the disper-
sive layer (Di Maio et al., 1991). Therefore, the
resulting effect of a non-dispersive Bostick in-
version can be either a fictitious increase in
thickness and conductivity of the conductive
block, erroneously assumed as non-dispersive,
or a fictitious upward migration of the bottom
conductive-to-resistive boundary. Patella ef al.
(1991) already suggested considering disper-
sion effects in the interpretation of MT sound-
ings in the CF area. The authors also empha-
sised the role of a joint DG-MT analysis to
quantify dispersion anomalies in volcano-geo-
thermal areas. This peculiar aspect will be clar-
ified in more detail in the next section.

To conclude this section we briefly present
the WNW-ESE line including the stations MT10,
MTI, MT4 and MT3, which is nearly orthogo-
nal to the previous profile. Figure 4a shows the
WNW-ESE TE mode apparent resistivity pseu-
dosection, contoured using the MT data report-
ed by Hunsche er al. (1981) and Monaco et al.
(1986). A notably more articulated lateral pat-
tern of the electric structure appears now from
the surface downwards. The shallow features of
the CFc in the nearly E-W direction seem to
confirm the inhomogeneous pattern already de-
duced from the analysis of the DG curves. We
do not show the 1D Bostick inversion of this
profile, because it was modelled by a more re-
fined 2D dispersive approach, which will be
discussed in the next section.
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Fig. 3a,b. The magnetotelluric qualitative and quantitative interpretation along a nearly N-8 profile including
the soundings MT7, MT8, MT9, MT10, MT10-5 and MT11. The sounding data are taken from Hunsche et al.
(1981). The TE mode apparent resistivity pseudosection (a) and 1D Bostick inversion (b).
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Fig. 4a,b. The magnetotelluric qualitative and quantitative interpretation along a nearly E-W profile including
the soundings MT10, MT1, MT4 and MT3. The sounding data are taken from Hunsche et al. (1981) and Monaco
etal. (1986). The TE mode apparent resistivily field pseudosection (a) and synthetic pseudosection reconstructed
from the model of fig. 7 (b).
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3. DG-MT joint modelling including
dispersion

Qualitatively speaking, the MT high frequen-
cy band provides penetration depths for the EM
waves comparable with those reached by DC
currents in deep DG soundings. If resistivity
frequency dispersion is present, the MT response
will be more or less affected depending on the
intensity and depth of the dispersion phenome-
na, while the DG method will never be affected
simply because it operates in a steady regime
(Patella, 1987). However, the presence of un-
known dispersion effects cannot generally be
recognised using MT data alone. Indeed, any
MT dispersive response can be equivalent to
many other responses of structurally different
but non-dispersive situations. This kind of phys-
ical equivalence can readily be noted consider-
ing for instance the gentle shapes of the 1D MT
dispersive apparent resistivity and phase curves
depicted in fig. 5a,b (redrawn after Patella ef al.,
1991). The background MT non-dispersive curve
pair, corresponding with the same 1D layered
structure, is also depicted in fig. 5a,b. This MT
curve pair can in principle always be simulated
by a transformation of the apparent resistivity
diagram of a DG field sounding performed at
the same site (Patella, 1987). Summarizing, two
operative statements can be made. The first is
that, generally, the presence of resistivity dis-
persion effects cannot be proved considering
only the shape of the apparent resistivity and
phase curves of MT soundings. Without know-
ing the nature and amplitude of the dispersion
effects the quantitative analysis of MT sound-
ings cun be rather arbitrary. The second state-
ment is that the joint interpretation of DG and
MT sounding curves obtained at the same site
permits us to solve the ambiguity. Actually, one
only needs to transform the DG curve into the
equivalent synthetic MT curve set. If original
and simulated MT curve sets do not conform to
cach other and both amplitude and shape of the
resulting discrepancy meet the resistivity dis-
persion theory (Patella, 1993), the original MT
curve set can be modelled using dispersion pa-
rameters, e.g. of Cole-Cole type. An example of
this approach applied to the CFc is given in
fig. 6a,b (redrawn after Patella et al., 1991),
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where a 1D dispersive interpretation of the pair
of soundings MTI10 and DG4 is illustrated.
The fitting model was selected from the set of
1D MT dispersive curves drawn in fig. Sa,b.

The DG results previously presented clearly
indicate that the N-S direction can locally be
assumed as the elongation axis of the main CF
resistivity structure. An improved DG-MT joint
modelling can thus be made using a 2D algo-
rithm. Here we limit the 2D approach to the
WNW-ESE line, which is the only profile in-
cluding DG stations (DG4, DG1 and DG3).
Firstly we stress that no reasonable DG-MT
solution could be obtained by a 2D non-disper-
sive modelling of the section. Hence, we con-
firm the opportunity to include resistivity fre-
quency dispersion effects in the 2D analysis of
the whole line. This hypothesis is also largely
supported by mesostructural observations (Orsi
et al., 1996, 1999a: Di Vito ef al., 1999), which
indicate an uplift of blocks confined within fault
systems nearly orthogonal to the edges of the
WNW-ESE profile. Active faults, fracturing
and fluid circulation in volcano-geothermal
areas are potential sources of resistivity fre-
quency dispersion phenomena (Mauriello ef al.,
19906).

For the 2D modelling we used a standard
finite difference forward algorithm, modified in
such a way as to compute the contributions to
the global MT response due to dispersive cells
(Mauriello et al., 1996). Figure 7 shows the
results of the 2D dispersive model along the
WNW-ESE protile through the CFc. The elec-
trical structure at depth below 3+4 km appears
uniform with a resistivity of some thousands
€-m and a flexure in the middle part of the
profile, beneath soundings MT1, MT4 and MT3.
A conductive basin (some tens of £2-m) that
shows a similar flexure and a progressive thin-
ning towards the borders of the profile overlies
this basement. These two structures appeur as if
they had been flexed by the laterally confined,
high resistivity (about 4000 € - m) body, located
in the central part of the profile between 0 and
3 km of depth. This body contrasts eastward a
weakly less resistive zone (about 1000 £2-m)
and westward a piled structure with an average
lower resistivity. The whole sequence is over-
lain by a thin low resistivily overburden.
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Fig. 5a,b. Theoretical magnetotelluric master curves
(amplitudes in £2-m in fig. 5a and phases in degrees
in fig. 5b) without resistivity frequency dispersion (full
lines) and including dispersion effects (curves «, 3,
). A 1D six-layer sequence is considered with the
following DC resistivities in £ - m from top (o bottom:
90, 40, 950, 10, 20 and 3000. The full 2nd layer and
the first 230 m of the 4th layer are assumed to be
dispersive. The Cole-Cole parameters chargeability
i, time constant T and frequency factor ¢ for the 2nd
and 4th layer are respectively: m = 0.7 («). 0.93 (),
0.98 (v):7=500s; c=0.6 and m = 0.9; T = 10000 s;
¢ = (.6 (redrawn after Patella e al., 1991).

The prismatic resistive body (about 4 km
wide) likely consists of dry volcanic rocks char-
acterized by a low degree of fracturation and/or
a network of disconnected pores and fissures.
Dispersive zones border it. The dispersion ef-
fects are likely due to a forced current circula-
tion through fissures totally occluded by metal-
lic-type mineral particles (Chelini and Sbrana,
1987). A widespread system of disseminated
electrolyte-mineral interfaces is a well-known

382

|'Ij"]

1072 10-1 100

-100 L
o T 02

Fig. 6a,b. Magnetotelluric diagrams relative to the
sounding MT10 (amplitude in £-m in fig. 6a and
phases in degrees in fig. 6b). Crosses and circles refer
to the original amplitude and phase ficld data in the
two orthogonal reference directions. The full lines
in fig. 6a,b are the synthetic amplitude and phase
non-dispersive curves deduced from an expanded
interpretation of the geoelectrical sounding DG4
shown in fig. 2a,b. The dashed lines in fig. 6a,b are
the apparent amplitude and phase dispersive diagrams
fitting to the observed data. They correspond to
the curves f# in fig. 5a,b (redrawn after Patella er al.,
1991).

source of redox reactions when an electric cur-
rent is forced Lo flow through a self-sealed sys-
tem. These reactions are not as rapid as the ionic
current flow in the electrolytic solution (Paras-
nis, 1997). The result is a continuous piling up
of ionic charges at each interface, known as
electrode polarisation that actually acts as an
added resistance along the current path. This
added resistance increases as the frequency of
the current flow decreases, thus giving rise to
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Fig. 7. Joint 2D interpretation with resistivity frequency dispersion of a nearly E-W profile including the
magnetotelluric soundings MT10, MT1, MT4 and MT3 and the dipolar geoelectrical soundings DG4, DGI and

DG3.

resistivity frequency dispersion in MT sound-
ings (Mauriello ef al., 1996).

Finally, worth commenting is that the dis-
covered dispersive zones confine eastwards with
the Solfatara volcano and westwards with the
Mofete zone. The Solfatara crater is very well
known for its widespread and impressive fuma-
roles and thermal springs. The Mofete zone is
one the most interesting geothermal area within
the CFe, since the temperatures measured in
wells exceed 300°C at about 1500 m in depth
(Chelini and Sbrana, 1987).
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The high reliability of the 2D dispersive
model of fig. 7 can be readily appreciated by
comparing the synthetic TE mode pseudosection
corresponding with the interpreted 2D model
(fig. 4b) with the field TE pseudosection previ-
ously discussed (fig. 4a).

4. 3D self-potential tomography

The Self-Potential (SP) field survey was car-
ried out along a branched circuit consisting of



265 measurement sites (dots in fig. 1) irregularly
distributed over an area of 11 x7 km® within the
emerged portion of the CFe. The spread be-
tween two consecutive points was 200 m.

Figure § shows the SP survey map, which
was drawn using a standard approach (Di Maio
et al., 1996). The most remarkable features are
the short wavelength anomalies about the
Averno Lake, Monte Nuovo, Monte Rusciello,
Montagna Spaccata, Gauro-Campiglione and
Astroni. All these anomalies are located very
close to volcanic vents. They are superimposed
on a bipolar long wavelength regional field. The
demarcation band of this bipolar field is charac-
terized by dense crowding of the SP isolines
along a NW-SE direction, closely coinciding
in the central part with the La Starza marine
terrace (Cinque ef al., 1984).

In order to define the pattern of the SP sourc-
es al depth we applied the 3D tomography meth-
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od suggested by Patella (1997a,b), which is based
on the concept of charge occurrence probability
(COP). A brief outline of this tomographic pro-
cedure is reported in the Appendix.

The 3D probability tomography was com-
puted using two different depth scales. Figure
9a shows a set of images between 100 m asl and
800 m bsl, while fig. 9b investigates the deep
features between 600 m bsl and 4200 m bsl.

As regards the shallow part of the CFc (fig.
Ya), itis interesting to note on the eastern side of
the horizontal slices a weak positive nucleus
located beneath the Astroni volcanic structure,
The maximum COP values of this nucleus oc-
cur in the depth range 200-300 m bsl. The pos-
itive nucleus is surrounded by a slightly percep-
tible halo of negative COP values located all
around the Astroni circular crater rim.

A very impressive feature is the bipolar elon-
gated charge anomaly across the La Starza ter-

distance in km

2 7))\ :
Lﬁﬁtﬂ\ \_\;@

! Bay of g |
Pozzuoli D\
%1 2 3 i 5 6§ 7§ 8§ T T

distance in km

Fig. 8. The self-potential survey map. Red and blue isolines represent positive and negative SP values in mV,

respectively,
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race. According to the uniform patch model
proposed by Fitterman (1979), the La Starza SP
nuclei could be due to a streaming polential
patch source likely located in the depth range
600-800 m bsl, where the maximum absolute
vilues of the COP function related to the bipolar
anomaly were obtained. The La Starza lerrace
would thus be the surface evidence of a thick
vertical plate extending down to about 800 m
bsl. The comparable intensity, shape and extent
of the positive and negative clusters of the anom-
aly suggest that no hydraulic and electrical
conductivity contrast should exist across the
ENE-WSW ftrending thick vertical plate. This
interpretation thus conforms with the hypothe-
sis previously made about the existence of a
N-5 elongation direction of the 2D shallow
resistive structure displayed by the MT-DG data
within the CFc. Furthermore, the polarity of the
two nuclei indicates that the streaming potential
or electrokinetic coeflicient sharply increases
crossing the plate northwards.

As regards the deep features, fig. 9b shows a
clear N-S oriented dipolar trend. The charge
clusters have the highest absolute COP values
in the range 1200-3600 m bsl for the northern
positive nucleus and from 2400 m down to at
least 6000 m bsl for the southern negative nu-
cleus. A distance of about 6 km separates the
centres of the two nuclei. The two charged clus-
ters represent the SP regional pattern very well
(fig. 8), although they are located at the margins
of the survey area and most of the negative
nucleus is located under the bay of Pozzuoli,
where no field SP data were collected.

The pressure and temperature source model
proposed by Fitterman (1979) can now be used
for the interpretation of the deep CF SP anom-
aly. A simple configuration of this model con-
sists of a buried spherical source body located
near a vertical contact, which separates two quart-
er spaces generally characterised by different
hydraulic and thermal conductivities and elec-
trokinetic and thermoelectric coefficients (Di
Maio and Patella, 1991). In the case of a sharp
contrast of the electrokinetic and/or thermoe-
lectric coellicient across the vertical contact from
the source-holder quarter space to the outside
quarter space, lwo features emerge: 1) the SP
surface field is characterised by a negative anom-
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aly above the spherical source and a positive
anomaly on the other side of the vertical contact
if there is an increase in the streaming potential
and/or thermoelectric coefiicient across the con-
lact outwards; 2) the surface trace of the vertical
contact corresponds to the zero-valued SP iso-
line.

Both the CF SP surface map (fig. 8) and the
deep 3D COP tomography (fig. 9b) fit com-
pletely the features arising from Fitterman’s dis-
tribution model. Therefore, a spheroid pressure
and/or temperature source is likely to be located
in the bay of Pozzuoli close to the coast al a
hypocentral depth of not less than 5000 m bsl,
where the largest probable accumulation of neg-
ative electrical charges occurs. Moreover, the
vertical contact is likely to coincide with the
imaged sequence of the zero-valued COP band
from the surface (fig. 9a) downward (fig. 9b).
This null COP band develops in a WNW-ESE
direction over the whole survey area and in-
cludes in the middle the previously discussed
La Starza volcano-tectonic feature.

To conclude this section, it is worth com-
menting on the results obtained from the analy-
sis of ground deformation and seismic data
collected during the bradyscismic crises of
1970-1984 and from temperature borehole data
(T =300-450°C in the depth range 2-3 km bsl)
(Bianchi et al., 1986; Scandone et al., 1991:
Orsi et al., 1999c; Wohletz et al., 1999). In a
review paper, Gasparini (1987) maintains that
both ground movements and seismic activity
can be explained assuming the existence of a
magma body, around which a tensile and shear
fracture zone with high permeability is supposed
to develop due to pressure increase (fig. 10a).
Variations of pore pressure inside this zone would
significantly contribute to uplifting and sinking
ground movements, Orsi ef al. (1999¢) main-
Lain, instead, that this simple mechanical model
cannot account for the occurrence of the intense
seismic activity monitored during uplift and its
absence during subsidence. They suggest a ther-
mo-dynamical model (fig. 10b), in which a ver-
tical fluid diffusion above a magma chamber is
invoked to explain the variable behaviour be-
tween the central resurgent block and the pe-
ripheral part of the caldera floor. Subsidence is
explained by a subsequent lateral fluid diffu-
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B i

Fig. 10a,b. Schematic models of the Campi Flegrei magmatic system. a) The mechanical model (redrawn after
Gasparini, 1987). Around the magma chamber (vellow zone) thére are highly tensile (light red zone) and shear
fractured bodies (red zone) that have low rigidity. These bodies are surrounded by material with rigidity from 3 to
15 times higher (violet zone), This more rigid material consists of volcanics at a lemperature greater than 400°C.
Rigidity increases about 10 times more when temperature drops below 400°C (grey zone), Finally, the white
polka-dotted and green zones correspond with the low rigidity superficial pyroclastics and the brittle basement,
respectively. The model has cylindrical symmetry around a vertical axis located in the bay of Pozzuoli. b) The
thermo-dynamical model (redrawn after Orsi ef al., [999¢). Arrows indicate the flowage pattern of the shallow
geothermal fluids in response to a temperature and/or pressure (volume) increase within the magma chamber.
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s : 4 g = .

sion, instead of a regression of the source pres- dimensionality in the area. The result has been
sures. As a matter of fact, both models invoke that the CFc is locally a prevailing 2D resistiy-
the presence of a magma chamber at a depth of ity structure with a nearly N-S elongation direc-
4 km under the bay of Pozzuoli, which con- tion. A similar analysis of the MT and DG
forms to the clectrokinetic and thermoelectric soundings distributed along a nearly E-W pro-
source body that was previously introduced to file has allowed us to draw a 2D electrical
explain the observed SP field map. model that includes dispersive zones at the edg-

es of the profile. These dispersive zones corre-
spond to the known thermal areas of Mofete

5. Conclusions and Solfatara. The 2D E-W model has also
revealed a resistive body with a prismaltic cross-
An analysis of MT and DG sounding data section in the middle of the profile, likely as-
already available in literature, and of a recent SP cribable to dry volcanic filling sediments (La
ground survey of the CFc has allowed us to Starza block).
derive for the first time an electrical model of the The most interesting result derived from a
caldera, which is located close to the western 3D probability tomography imaging of the SP
urban territory of Naples. The model must be data is the likely occurrence of a pressure and/
considered preliminary, since no electric or EM or temperature source body of roughly spherical
data are currently available for the submerged shape under the bay of Pozzuoli, centred at a
portion of CFc under the Bay of Pozzuoli. mean depth of around 5 km bsl. This feature
The analysis of all the available DG and MT closely conforms to the magma body model
soundings aligned along a N-S profile in the previously inferred from ground deformation
western sector of the emerged part of the CFc and seismic data related to the bradyseismic
has given useful constraints on the prevailing crises of 1970-1972 and 1982-1984.
Appendix

The SP probabilily tomography is based on the decomposition of a synthetic SP surface field into a sum of
elementary contributions due to a discretised distribution of charge accumulation centres. The inversion problem
consists in recovering the most probable discretised charge distribution underground, responsible of the measured
SP field. The 3D tomography is based on a cross-correlation algorithm between a theoretical scanner function
and the observed natural electric field. A charge occurrence probability (COP) function n(x, ¥,z ) is defined in
the case of uneven topography as (Patella, 1997b)

+X +Y - -
Helv,.y,,2,)=Cy J IEH L gl -3 [ =%, 3~ ¥, . 5(x, W=z, lg(z)dxdy, (A1)

X =¥
where L is the natural electric field vector on the ground surface, S, the scanner vector function, (X, ¥,.z,)is the
tern of coordinates of a generic point in the subsoil, (x, y) is the pair of coordinates on a reference hotizontal
plane at sea level, z(x, ) is the function representing the variable elevalion on the survey surface S, whose
projection onto the (x, v) reference plane is a rectangle with sides 2.X and 2V, and g(z)is the surface regularisation
factor defined as

2

() =[1+(@z/ dx) +(3z/ ) |7, (A.2)

Furthermore, the modulus of £, is explicated as follows:

5

U au B W U,
B =l et J 7+[—+ (;)J — (A3)
’ M dx  dz L9 L+f7() \dy oz 4 I+ /7 ()

| —
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and the modulus of S'_‘ as

[(x=x,)+(z—2,)f. @T 1
35 = : ; T —
[x-x,)" +(y=y,) +(z-z,) 1" 1+ f7(2
; (A4
(y-y)+z-z)f,@F 12
[(x—x, ¥ +yr—y, )2 Jr(:—:.qJ2 P l+f ()
where f(z), with p equal to either x or y, is the slope effect defined as
fa=dzldp, (A.5)
and U is the potential function of the SP field.
Finally, C, is a normalisation coefficient given as
+X +F iX v -142
G, = {j J‘[jf [x, v, z0x, yYg(Dedxdy - _[ _[5_; [x 2,9 -z, ]g(:)dxr{\} . (A.0)
X =) X =¥

The function i,(x,, ¥, z,) is constrained to vary inside the interval [-1, + 1] (Patella, 1997b). Positive values for

n(x, v, z,) are the result of a major influence from positive charge accumulations, while negative values result

it

from negative charge concentrations.
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