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Abstract

A ground magnetic study was performed on the northern upper flank of Mt. Etna to provide new
insights into subsurface volcano-tectonic structures. The high resolution magnetic survey was
focused on the main structures of Piano delle Concazze, a large flat area dominated by the North-
East crater and bounded by the rim of the Valle del Leone depression and the extremity of the North-
East Rift. More than 2,500 measurements were gathered with a sampling step of about 3 m covering
an area of about 0.2 km?. The total-intensity anomaly field shows the presence of intense South-
North aligned maxima related to shallow geological structures affecting this area. Filtering
techniques and 2.5D modeling have been applied for the determination of the magnetic source
parameters. In order to distinguish the near surface structure, filters of the vertical derivatives,
Butterworth high-pass and the tilt derivative were used. The 3D Euler deconvolution has been
applied to estimate the depth and the structural indices of the causative sources. The calculated
structural indices, that express the geometrical nature of the source, are in agreement with forward
modeling. They show that the area is mainly affected by subvertical normal fault and the estimated
depth of magnetic sources ranges between 10 m and 40 m.

Our total field magnetic survey shows that characteristic magnetic anomalies are related to fault
zones in the Piano delle Concazze that are well consistent with the local tectonics. The subsurface
structures that have been detected allowed to delineate the general structural framework of the
area. In particular, it was possible to clarify that these structures seem to be not deep rooted and
consequently they can hardly act as preferential pathways for magma ascent.
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1. Introduction

The dynamics of active volcanoes, is closely related to local and regional structures (faults, rift, intrusions)
that are not often exposed. Indeed, magma accumulation and migration which can lead to different volcanic
eruptions are strongly controlled by the main volcano-tectonic structures. Therefore, mapping and
investigation of their spatial distribution and their characteristics (geometry, depth, etc.) are critical to better
understand volcano-tectonic activity and for volcanic hazard assessment [Lopez-Loera et al., 2010]. In volcanic
environment, even if the main structures are recorded in the general geological maps, their exact course is
often debatable because their field evidence is obscured by lava flows, pyroclastic rocks and ash produced by
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the more recent eruptive activity and by strong erosion. In these cases, geophysical surveys can give additional
evidences [Barberi et al., 2004; Schrott and Sass, 2008; Blaikie et al., 2014], and among them, the magnetic
investigation has been widely and efficaciously used in detecting concealed and subsurface volcano-tectonic
structures. The interpretation of magnetization contrasts, appropriately integrated with the available
geophysical and geological knowledge of the investigated area, has provided valid information on the
relationships between the various volcanic and/or tectonic structures both at local and regional level worldwide
[Finn and Morgan, 2002; Blanco-Montenegro et al., 2003; Napoli et al., 2007; Napoli and Currenti, 2016;
Caratori Tontini, 2016; Demirel et al., 2020; Yan et al., 2018]. In volcanic areas, indeed, the strong
magnetization contrasts generated by the presence of rocks with different magnetic properties (susceptibility,
induced and remanent magnetization) make this method and the related anomaly maps an efficient tool to
identify, delineate, and estimate the depth of the subsurface complex structures. In this context, of particular
interest is the detection of faults, that are usually associated with subtle linear magnetic anomalies that may
arise from contrasts caused by tectonic juxtaposition of layers with different magnetic properties [Dobrin,
1960; Grauch et al., 2000; Hudson et al., 2001].

In this paper a total magnetic field survey was carried out to investigate the main structures in Piano delle
Concazze (PDC) a large flat area on the northern upper flank of Mt. Etna volcano (Figure 1). During the last
centuries, PDC has been affected by several eruptive events triggered by magmatic intrusion fed by the central
conduit [Branca and Del Carlo, 2005]. Generally, lava flows emitted here are characterized by a high effusion
rate and have seriously threatened, and sometimes destroyed the near inhabited areas as happened during the
2002 eruption [Andronico and Lodato, 2005]. Flank eruptions, therefore, represent a high hazard, for this flank
of Mt. Etna and in particular for PDC, that, despite being deserted, is among the most popular tourist
destination and is usually frequented by researchers, which taking advantage of the Pizzi Deneri Observatory
facility, nearby located, carry out monitoring activity and advance research experiments throughout the year.
In this area, the main structural features of the northern flank intersect each other producing a complex
dissected geological framework where particular attention should be paid to the fault systems, that can be
activated by magma intrusions. The high resolution ground magnetic survey, carried out in the autumn of
2018, was aimed to identify and separate by discrete Fourier-transform algorithms the shallow and deep-seated
faults, affecting this area. 3D Euler deconvolution and 2.5D modeling, were also applied to estimate their
depths and to better define their geometry and spatial distribution and consequently to elucidate the
relationships between them.

2. Geological background

PDC is a flat area in the northern upper flank of Mt. Etna volcano (Figure 1), dominated by the North-East
crater and bounded by the rim of the horse-shoe-shaped depression of the Valle del Leone (VDL) and the upper
extremity of the North-East Rift zone. The VDL, located about 600 m above the basal plane of the wider
depression of the Valle del Bove (VDB), was formed by a progressive collapse after the larger flank failure, that
produced the VDB [Azzaro et al., 2012]. Its rim overlaps the remains of the summit caldera of the Ellittico
volcano, a large central volcanic edifice that marked the NW displacement of the Mt. Etna uppermost feeding
system from the previous small volcanoes located under the area now occupied by the VDB [Calvari et al., 2004],
and whose caldera was generated about 15 ka ago by a series of plinian eruptions [Coltelli et al., 2000].

The North-East Rift is a 5 km long and 1 km wide topographic ridge made up of lavas and pyroclastics
[Monaco et al., 2010]. It represents a fractured area, extending along a NE direction from the summit area up to
1500 m a.s.l., where magma, favored by structural weakness and local tectonic stress, often intrudes [Andronico
and Lodato, 2005]. During the last two centuries, indeed, the Rift has been particularly active and has been
affected by several eruptive events (e.g. 1911, 1923,1947, 1981, 2002-2003, 2008) triggered by lateral magmatic
intrusion, which produced the opening of long eruptive fissures [Branca and Del Carlo, 2005; Monaco et al.,
2010] with emission of lava flows, characterized by a high effusion rate, that reached the lowest altitudes
[Andronico and Lodato, 2005].

The PDC area is characterized by the presence of volcanic products related to the activities of the Ellittico
volcano [Coltelli et al., 1994] that are partially buried by lava flows and volcaniclastic deposits produced by the
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Figure 1. Simplified geological map (modified after Branca et al. [2011]) of Etna showing location of the investigated area
(a); in the inset the main faults mapped by Azzaro et al. [2012] are reported, yellow lines indicate magnetic
measurements and AA' and BB' represent the profile chosen for the modelling (b).
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more recent volcanic activity [Branca et al., 2011]. This area is also affected by different North South-trending
faults, that represent extension-accommodation features linked to the extensional tectonic regime of the North-
Est Rift [Azzaro et al., 2012]. To date no study has been carried out on these North South-trending faults, whose
field evidence is sometimes obscured by accumulation of lava flows and volcaniclastic deposits, by strong
erosion and by the collapsed rim of the VDL. No detailed information, is available about their characteristics
(geometry, depth, etc.) nor the relationships between them have been entirely elucidated, therefore, it is not yet
clear which role they could play during a magmatic intrusion, and in particular if they could be activated and
became preferential ways for magma upraise in this area.

3. Magnetic Survey

A high resolution ground magnetic survey was carried out on PDC, over an area of about 0.2 km?. Magnetic
data were acquired by a GSM19 Overhauser magnetometer with 0.01 nT resolution. Simultaneously, GPS data
were also collected by a Garmin’s Etrex receiver to geo-reference magnetic measurements. More than 2,500
measurements were gathered with a sampling rate of 3 s corresponding to a sampling interval of about 3 m
along a network of profiles describing an irregular grid crossing the main faults (F1, F2, F3 and F4) mapped in
the PDC area by geological studies [Azzaro et al., 2012]. The magnetic sensor was positioned at a height of two
meters above the ground surface to reduce noise. Data reduction process included removal of the diurnal
variation of the magnetic field using data continuously recorded at the station PDN (Figure 1b) of the permanent
network for magnetic monitoring of Mt. Etna [Del Negro et al., 2004; Napoli et al., 2008]. Magnetic survey was
carried out during a quiet magnetic day, (the geomagnetic K index values is less than 2). This allowed for a
sufficient removal of transient variations from external sources, so that a suitable accuracy could be achieved.
The observed magnetic field was not reduced with respect to the normal field, IGRF, because of the limited
extension of the area. For relatively small survey area, indeed, the removal of IGRF is not required because its
wavelengths are larger with respect to the size of the survey [Kearey and Brooks, 1991]. To obtain the magnetic
anomaly map, data were reduced to an equally spaced grid using the kriging method (kriging point type) with
no drifts and a circular search ellipse. This is one of the more flexible and effective methods to produce an
accurate grid of any type of data set, and unlike other methods such as the minimum curvature, it incorporates
anisotropy and underlying trends in an efficient and natural manner and does not create high magnitude
artifacts in areas of no data [Yang et al., 2004].

The magnetic anomaly grid (Figure 2) is characterized by two intense maxima striking South-North and East-
West, respectively aligned, that intersect with each other in the middle part of PDC. Other maxima are exposed
along the VDL rim but they are not completely mapped since they are truncated by the caldera border.

In order to detect the possible anomalies ascribable to the faults affecting PDC area, six magnetic profiles
(P1-P6) with East-West orientation, therefore perpendicularly crossing the F1, F2, F3 and F4 faults, were selected
(Figurelb). The position of the fault traces was taken from the geological mapping survey [Azzaro et al., 2012].
Generally, in correspondence of the mapped fault zones, the magnetic anomalies show a clear sharp short-
wavelength minima, with a range of amplitudes from few hundred to more than a thousand of nT in profile view
(Figure 3). These large variations may be associated with the thickness of the volcanic deposits with different
magnetic properties resulting in tectonic juxtaposition across fault zones. Although, no direct measurements
of remanent magnetization (Jr) and susceptibility (x) are available for volcanic rocks outcropping in this area
(lava flows covered by several meters of more recent ash and volcaniclastic deposits) it is reasonable to
hypothesize that the lava flows have higher Jr and x values than those of the volcaniclastic products. Indeed,
laboratory tests carried out on different samples of volcanic rocks, collected in different areas of the volcano,
reveal that the average Jr and x values of the Etnean lava flows are on average 7.5 A/m and 3.5 x 1072 SI
respectively, while for volcaniclastic deposits the Jr values range between 2 and 3 A/m and x between 1 x 102
and 2 x 1072 SI [Del Negro and Napoli, 2002; Nicolosi et al., 2014; Branca et al., 2019].
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Figure 2. Total field magnetic anomaly grid of the Piano delle Concazze area.

4. Filtering techniques

The articulated distribution, morphology and arrangement of magnetic anomalies observed in the magnetic
anomaly grid (Figure 2), reflects the superposition of multiple magnetic sources that can be related to the main
shallow and deep geological structures of the investigated area.

In order to minimize the dipolar nature of the measured magnetic field, the reduction to the pole transformation
(RTP) is used. In this way, the shape of the magnetic anomalies is more closely related to the geometry [Baranov,
1957] and the location of sources, particularly source edges, can more readily be determined. With this aim, we
applied the RTP to the diurnally corrected data (Figure 4). To produce the RTP grid we used a magnetic inclination
53°N and a magnetic declination 3.4° W, along the direction of the present-day Earth’s magnetic field. On Mt. Etna,
indeed, volcanic rocks [about 0.5 Ma; Gillot et al., 1994] were emplaced after the last field reversal [0.78 Ma; Lowrie
and Kent, 2004] and remanent magnetization is generally much greater than induced magnetization [Konigsberger
ratio is > 1; see e.g. Tric et al., 1994; Branca et al., 2019].
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Figure 3. Total field magnetic anomalies observed in six profiles of general West-East orientation. Relative positions of
profiles and the trends of fault zone mapped by Azzaro et al. [2012] are given in the inset.
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The maxima and minima, formerly described in the total intensity anomaly grid, are better defined in the RTP
grid. In particular, the amplitude of the anomalies become larger and the two maxima that intersect each other, in
the middle of the survey area, now appear well separated. Moreover, in the RTP grid, the eastern maximum observed
along the caldera rim shows a South-North alignment that was not so evident in the total intensity anomaly grid.

To distinguish the near surface structures from the deeper ones and determine the magnetic source parameters,
in particular locations of boundaries and depths, we applied different filtering techniques based on the derivatives
of the magnetic data [Salem et al., 2008; Al-Garni 2010; Saada, 2015] through the Geosoft Oasis Moantaj Viewer
software [Geosoft, 2018]. These techniques allow to separate the contribution of the different magnetic sources and
hence, to better clarify their relationships.

In particular, to enhance the near surface structure, first vertical derivative, tilt angle derivative and Butterworth
high-pass filter were used. Whereas, Butterworth low-pass filters were applied to bring out the deep-seated
structure. Several tests were done before to select the more suitable filter parameters. Finally, the 3D Euler
deconvolution has been used to estimate the depth and the structure indices of the causative sources. The structural
index (SI), that is based on the concept of Euler homogeneity, is widely used in potential-field depth estimation
because it evidences the geometrical nature of the source, and allow the separation of the depth and geometrical
contributions to the observed field. For simple sources SI is a constant integer and is identical to the index of a
simple power-law field fall-off with distance [Reid and Thurston, 2014].
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4.1 First Vertical derivative

The first vertical derivative (VDR) computes the change in the vertical direction of the magnetic field [Blakely,
1995]. This method, using a Fast Fourier Transform, effectively highlights the high frequency component of the
magnetic field, caused by the local shallowest geological sources and by the top parts of deep bodies, and suppresses
the low frequency content due to the deeper sources [Paine, 1986]. The VDR emphasizes higher gradient, provides
sharper resolution and approximates shape outlines of the near surface magnetic anomalies. In particular, anomaly
peaks locate the centers of sources, while the zero contour lines indicate their boundaries. Considering that the
VDR is potentially less sensitive to noise in the data than higher order derivatives, these last have been disregarded
and only the VDR was calculated for the magnetic RTP data of the PDC area (Figure 5a).
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Figure 5. Grid of the first vertical derivative (1VDR) magnetic data (a); grid of the tilt angle derivative (b); grid of the
Butterworth high-pass wavenumber filtered magnetic data (c). The main faults mapped by Azzaro et al. [2012] are
also reported (continuous white lines represent exposed faults and dashed lines the buried ones).
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4.2 Tilt angle derivative

The tilt derivative (TDR) method, which is generally used for enhancing features and causative body edge
detection in magnetic anomaly grid [Miller and Singh, 1994], was also applied (Figure 5b). The TDR, contrasting
other commonly used derivatives, that show an amplitude response closely linked to the amplitude of the total
magnetic intensity anomaly, is independent of amplitude of the TMI anomaly, but is controlled by the reciprocal of
the depths of the sources [Verduzco et al., 2004]. The TDR is defined as:

TDR = tan™! ( VDR >

THDR

where VDR and THDR are the first vertical and total horizontal derivative of the magnetic field, respectively. Because
of the nature of the arctan trigonometric function, all amplitudes range between +90° and -90° (+ 7 and - 7)
nevertheless the amplitude of VDR and THDR [Verdzuco et al., 2004].

This method attempts to equalize the signals amplitudes across the survey area, where the peaks of the transformed
data are positioned directly over the magnetic body’s centers and the zero, crossing the anomalies, is over or close to
the magnetic source edges. In this way, the TDR is a useful tool to trace the outline of the magnetic edges.

4.3 Butterworth filters

The Butterworth filter was applied in the frequency domain. It allowed for applying straightforward high-pass
and low-pass filters to data because we could easily control the degree of filter roll-off while leaving the central wave
number fixed.

The Butterworth high pass filter (BWHP) was used to enhance the shorter wavelength component of the near
surface anomalies and attenuate the longer wavelength component. In the investigated area a BWHP filter of roll-
off order “8” and wavelengths <300 m was applied to pass the shallower anomalies (Figure 5c).

On the other hand, in order to reveal deep-seated causative structures, Butterworth low pass filter (BWLP) was
applied. It allowed to attenuate the shorter wavelength of the near surface anomalies and highlight the longer
wavelength caused by deeper causative sources. We used a BWLP filter with the same roll-off order “8” but with
wavelengths >500 m (Figure 6). The BWLP reveals anomalies with semi-circular and elongated shapes with a South-
North alignment.

4.4 3D Euler deconvolution

The 3D Euler deconvolution has been applied to estimate the depth and the structural index of the causative
bodies [Reid et al., 1990; Silva and Barbosa, 2003; Dewangan et al., 2007]. A window size of 100 x 100 m was used.
The depth was calculated for various structural indices (SI) of 0, 1 and 2 (Figure 7), which describes the rate of fall-
off of the magnetic field and is related to the shape of the source bodies. Solutions obtained from the most
appropriate structural index for a fault are normally recognized by how well they cluster in a line. Solutions were
rejected if their errors in the least-squares inversion were greater than 10% of the depth.

5. Forward Modeling

To put constraints on the geometry (dimension and depth) of the sources responsible for the main magnetic
anomalies of the PDC area, a forward modeling approach was used by means of the interactive software Potent v3.06.
2.5D modeling was carried out along two East-West profiles, (AA" and BB') selected taking into account the main
anomalies displayed on the magnetic anomaly grid and crossing the main faults. The anomalies were modelled by
polygonal prismatic bodies with different magnetic properties. The magnetization and susceptibility of each body,
were set taking advantage of Jr and x values reported in literature [Del Negro and Napoli, 2002; Nicolosi et al., 2014;
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Figure 6. Grid of the Butterworth low-pass wavenumber filtered magnetic data. The main faults mapped by Azzaro et al.
[2012] are also reported (continuous white lines represent exposed faults and dashed lines the buried ones).

Branca et al., 2019] for petrographycally similar rocks. Therefore, we have assigned Jr and yx values ranging from
1 to 7.5 Am™! and from 0.01 to 0.035 S.I. to the volcaniclastic deposits and to volcanic rocks, respectively.
The initial models were constrained by available surface geology data and successively they were adjusted through
a “trial and error” approach until a satisfactory fit was achieved. In particular, we varied the magnetic properties and
the boundaries between bodies until the RMS error between the observed and calculated anomaly is about 20 nT for
each profile. The investigated area is entirely covered by incoherent volcanic material produced by the recent
explosive volcanic activity, this deposit was modelled in both profiles as the volcaniclastic deposit V1 with Jr= 1
Am!and y = 0.01 S.I. (Figure 8). Below this coverage, characterized by a mean thickness of few meters, different
volcanic bodies are modelled. A single body, A1, with Jr = 4.5 Am! and x = 0.03 S.I. is revealed in the western edge
of the profile AA'. On the basis of its magnetic properties and its location, it could be reasonably associated to the
lava flows outcropping in the western edge of the investigated area. A1 is in contact, by a steep scarp, ascribable to
the F1 fault, with the volcaniclastic coverage V1, whose thickness increases in this area, and with the body A2 whose
magnetic properties (Jr = 2.5 Am! and x = 0.02 S.1.) are intermediate between A1 and V1. The more intense East-
West anomaly located in the middle of the profile is well modelled as a single body, A3, characterized by higher
magnetization values (Jr = 7.5 Am™! and y = 0.035 S.L.). It stretches, along the West-East direction for more than 200
m with a mean thickness of about 40 m, that abrupt decreases eastwards due to the F4 fault, while at west is bounded
by a buried steep scarp that spatially correspond to the F3 fault reported by Azzaro et al. [2012].
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Figure 7. Euler solution results, (a) structural index = 0, (b) structural index = 1, (c) structural index = 2. The main faults

mapped by Azzaro et al. [2012] are also reported (continuous white lines represent exposed faults and dashed
lines the buried ones).
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The high magnetization values of A3, in literature are generally associated to lava flows and/or massive intrusions.
There is no additional information to be able to discern between lava flows and intrusion, but considering the
proximity of A3 to the lava flow succession of the Pizzi Deneri formation, that is related to the Ellittico activity
[Coltelli et al., 1994; Branca et al. 2011], we reasonable assume that it is ascribable to this volcanic unit.

Southwards, a second profile (BB') was also selected and modelled. Along BB’ profile the thickness of V1 increases
up to about 10 m, covering, in the western area, the single body B1 with the same magnetization and susceptibility
values (Jr = 7.5 Am~! x = 0.035 S.I.) of A1. B1 is bounded by F2 fault and laterally is in contact with B2 whose magnetic
properties are similar to A2. Eastwards B2 is replaced by the high magnetized body B3 (Jr = 7.5 Am™! and yx = 0.035
S.1.) that is well bounded by two sharp scarps. The scarp between B2 and B3 is ascribable to the southern edge of
the F3 fault, while there is no indication in literature about the presence of another fault that could be ascribable
to the scarp between B3 and the volcanic body, B4 (Jr = 5 Am™! and x = 0.03 S.L.).

The bodies Al, A2, and A3, modelled along the AA’ profile have the same magnetic properties (Table 1) of the
bodies, B1, B2 and B3, detected along the BB' profile, considering the closeness between the two profiles, we
reasonable suppose that they are associated to the same volcanic units. It is worth noting that the estimation of
vertical extent of faults is interred by the lack of data on rock magnetic property at depth and to a simplified
polygonal model [Lopez-Loera et al. 2010]. The obtained geological outline is in agreement with previous geological
studies that revealed in PDC area a lava flow succession interbedded with volcaniclastic products related to the
activities of the Ellittico volcano.

Body Remanent magnetization (Jr) Susceptibility (x)
V1 1.0 Am™! 0.010 SI
Al 4.5 Am’! 0.030 SI
A2 2.5 Am! 0.020 SI
A3 7.5 Am! 0.035 SI
B1 4.5 Am! 0.030 SI
B2 2.5 Am’! 0.020 SI
B3 7.5 Am’! 0.035 SI
B4 5.0 Am! 0.030 SI

Table 1. Magnetic properties of the bodies modelled along the AA' and BB' profiles shown in Figure 8.

6. Discussion and conclusions

The study area is characterized by clear defined anomalies with short wavelengths, sharp amplitude and
round to stretched oval shape. Nevertheless, the pattern, location and clear isolation of the individual shallow
magnetic sources, depicting the near surface structure, cannot be delineated efficiently without the application
of different filtering techniques and forward modeling. The combination of the first vertical derivative (VDR),
tilt angle derivative (TDR) and Butterworth filters, allowed us to detect and describe the main geo-structural
features of the study area, while the Euler deconvolution and forward modeling constrained their depth and
geometry. The obtained results were compared and integrated with the available geological information [Azzaro
et al., 2012] to be interpreted with a better confidence. The results reveal that some of the high frequency
components are due to the South-North subsurface structural features with surface exposure, while the large
wavelength components are related to larger structures (see A3 in the profile AA') that are not reported in the
available geological maps.

12
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A strong correlation between the South-North fault systems affecting this area and the outline of the high
frequency and short wavelength components was effectively enhanced by the VDR (Figure 5a). Indeed, the zero
crossing of the first vertical derivative well delineates the F1 fault (Figure 1). In particular, it reveals a North-
South aligned magnetic anomaly, from the northern edge of the magnetic measurements grid, that spreads for
about 200 m to the south and is perfectly coincident with the trace mapped in the geological map. A good
correspondence is also obtained for the F4 and F2 faults. This last, is reported in the available geological map
as an exposed fault 100 meters long, while in the VDR grid seems to be longer than expected, extending for
about 300 meters to the north, parallel to the F1 fault direction (Figure 5a). These results well fit with the
schematic geological outline obtained by forward models performed along the profiles AA' and BB'. On the
other hand, a significant discrepancy concerns the F3 fault, that is mapped in previous geological study [Azzaro
et al., 2012] as a 300 m long structure composed by exposed and buried segments, crossing from North to South
the whole investigated area. The forward model revealed a buried segment of F3 fault along the profile AA',
while no significant evidence was found by filtering techniques in the same area. Only in proximity of the VDL,
where the F3 fault southern tip outcrops for about 100 m, a South-North elongated magnetic anomaly is evident
and overlaps with it in the VDR grid, but it seems that it does not develop further.

Similar results are obtained both by TDR technique and by high-pass Butterworth filters, however in these
last cases the anomalies separation is not so enhanced as in the VDR and anomalies appear less sharp (Figures
5b, 5d). In this study, therefore, the VDR seems to perform an effective signal detection better than the other
applied filtering techniques.

Wider anomalies with longer wavelength were instead depicted by the Butterworth low-pass filter (BWLP). An
intensely magnetized volume, roughly East-West elongated, was revealed in the central part of the investigated
area, that is in agreement with the massive lava flow modelled along the AA' profile and associated to the Ellittico
activity. Two well isolated magnetic anomalies are also evident in correspondence to the exposed rim of the VDL
caldera, and even if they appear truncated and are not completely defined they can be reasonably related both
to the morphological effect of the caldera depression and to the volcanic body buried (Figures 6 and 8) and
outcropping in this area. Moreover, an elongated South-North trend is observed in spatial correspondence of F1
fault, in the northern part of PDC area. It could be related to the regional trend which controls the subsurface
structures beneath the study area, but due to the small extent of our survey no detailed information can be
obtained from our measurements on the deeper structures. An enlargement of the survey area, that would help
to fill this gap, is prevented by the proximity of the VDL depression to the south and the steepness of the areas
surrounding PDC to the east and west.

Predominant significant distribution and dense clustering of the solutions obtained by 3D Euler convolution
were recognized along the rims of the main anomalies, in particular in correspondence of the F1, the southern
tip of F3 and F4 faults. After various trials, the suitable structural index seems to be 1 which gives the tightest
clustering of solutions. This structural index (SI) may be best associated to an idealized normal fault, with a
single magnetic contrast at a fault plane that has finite depth extent [Reid, 2003]. Approximately 3000 estimates
of source location are plotted on top of the magnetic anomaly (Figure 7) and the depth values are color coded
(Figure 9) for solutions related to SI of 1. The corresponding depth estimations were ranging from less than 10
m to 40 m reflecting that the faults are very shallow seated. These findings well support and strengthen the
results obtained by the forward modeling, where the faults do not extend at depths greater than 30 m. The
pattern, trend and location of the depicted shallow and deep structures are well consistent with the local
tectonics described by Azzaro et al. [2012] where the North South-trending faults in the PDC area are the
response of the, extension-accommodation action produced by the opening of the North-East rift.

Our findings can be used in aiding volcanic hazard assessments in this area, providing new constraints to
better characterize the fault systems and defining with more details their spatial distribution. The presence of
high magnetized volume detected at depth in the central part of the study area, ascribable to massive lava flows,
testifies that this area has been already invaded by magma. However, the North-South trending faults don’t
seem to be deep rooted, as they affect the superficial layers up to a maximum depth of about 40 m. This would
rule out the possibility that they can be activated during a magma intrusion process or that they could become
a preferential way for magma ascent from depth. Careful definition of in situ properties of rocks and an
enlargement of the survey area by aeromagnetic measurements could help to improve the understanding of the
fault systems of PDC area at deeper levels and consequently to support our results.
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Figure 9. Euler deconvolution applied to the total magnetic intensity calculated for SI = 1.
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