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Abstract

Resistivity imaging obtained by a short period magnetotelluric survey identified the electrical resistivity patterns below Vulcano
Island to a depth of 2 km below sea level. In the 3D resistivity model, clear contrasts generally characterized the caldera faults,
whereas volcanic edifices, craters, volcanic conduits, and/or eruptive fissures corresponded to superficially high resistivity
anomalies. Among the most prominent detected structures, a resistive anomaly located below La Fossa crater, which extends 2
km below the surface, likely represents a “conduit” structure, along which magmatic fluids preferably ascend. Other resistivity
anomalies, mainly aligned in the N-S direction, characterized the island sector where considerable amounts of deep subsurface
fluids accumulate and mix with the ascending magmas related to the most recent volcanic dynamics. The interpretation of the
main features reconstructed through the magnetotelluric investigation significantly contributes to understanding the current

unrest at Vulcano.

Hosted file

essoar.10512832.1.docx  available at https://authorea.com/users/563967/articles/611008-
three-dimensional-magnetotelluric-modelling-of-vulcano-island-eolie-italy-and-its-
implications-for-understanding-recent-volcanic-unrest


https://authorea.com/users/563967/articles/611008-three-dimensional-magnetotelluric-modelling-of-vulcano-island-eolie-italy-and-its-implications-for-understanding-recent-volcanic-unrest
https://authorea.com/users/563967/articles/611008-three-dimensional-magnetotelluric-modelling-of-vulcano-island-eolie-italy-and-its-implications-for-understanding-recent-volcanic-unrest
https://authorea.com/users/563967/articles/611008-three-dimensional-magnetotelluric-modelling-of-vulcano-island-eolie-italy-and-its-implications-for-understanding-recent-volcanic-unrest

50 mb.s.l. 450 m b.s.l.

4254000
4254000

o o
i=3 (=]
o (=]
S S
a a
9 9
< <
g g
3 2
o N
< <
o 8
g :
3 495000 497000 499000 3 495000 497000 499000
§ 1000 m b.s.l.
2 35
<
4252500 25
4252000 12
8 —01
[=3
3 4251500
9
<
4251000 ~ ..
kS
< T B
E ° 4250500 2
E 8 ER )
g g 4250000 S H.
r L £
o2
2 4249500

495000 496000 497000

4248000

497000 499000

g MtSaraceno Punte Nere
500 | Vulcanello fecchia v v
v Faraglone raragione

v ~ -
F s :
H
H £ . £ -
g i i

s T .
3 . ¥
2000 -1000 o 1000 2000 2000 3000 0 1000 2000 3000 4000
distance (m) distance (m) distance (m)

2

Grotta Palizzi MtSerscenc
v v

s cond? 0%
b

elevation a.s.l. (m)
g & o

elevation a.s.l. (m)
H

elevation a.s.l. (m)

-2000
1000 2000 3000 4000 ~2000 -1000 0
distance (m) distance (m) distance (m)

2 /essoar.1
°

500 Mtentia
v

£ E H 35
o 4 K )Y R
3 € € z
H 5 £
=z E L
E i : gl
3 3 ]
-]

https

0 1000 2000 0 2000
distance (m) distance (m)

BY 4.0

CC

ed on




Faraglione s
v

¢

C

shallo
conduit-like erGeotne,,,
Vtem

shallower geothermal
system

structure

conduit-like

» structure

V=S Structure

Magmay,
MAE Corriey

deep magmatic fluids

elevation a.

,\Q
© log resistivity (Om)

01 12 23 35

20

Last,
496.0 tem)

4253500

4252500

)
5
4250500 <,
=
= A8
E 7 N e \ ®
E = ' e N g
S 4249500 \ Mm@
N 39, Jao 7
7 o M
4248500
4247500
4246500
4245500
494 496000 498000 500000 494000 496000 498000 500000
East (m) East (m)



Three dimensional magnetotelluric modelling of Vulcano Island
(Eolie, Italy) and its implications for understanding recent volcanic
unrest

Maria Giulia Di Giuseppe, Roberto Isaia, Antonio Troiano
INGV-Sezione di Napoli, Osservatorio Vesuviano, Via Diocleziano 328, Napoli
Keywords

Vulcano Island; Magnetotelluric imaging; Volcanic edifices; Caldera structures
Key points

e A 3D model is presented for Vulcano Island, developed by magnetotelluric
prospection that details structures down to a depth of 2 km.

o Resistivity anomalies reveal the most significant volcanic structures and
features, such as conduits, faults and fractured zones.

e The complete tectonic setting of the volcano is defined, from which relevant
clues about the ongoing volcanic unrest can be derived.

Abstract

Resistivity imaging obtained by a short period magnetotelluric survey identi-
fied the electrical resistivity patterns below Vulcano Island to a depth of 2 km
below sea level. In the 3D resistivity model, clear contrasts generally charac-
terized the caldera faults, whereas volcanic edifices, craters, volcanic conduits,
and/or eruptive fissures corresponded to superficially high resistivity anomalies.
Among the most prominent detected structures, a resistive anomaly located be-
low La Fossa crater, which extends 2 km below the surface, likely represents a
”conduit” structure, along which magmatic fluids preferably ascend. Other re-
sistivity anomalies, mainly aligned in the N S direction, characterized the island
sector where considerable amounts of deep subsurface fluids accumulate and mix
with the ascending magmas related to the most recent volcanic dynamics. The
interpretation of the main features reconstructed through the magnetotelluric
investigation significantly contributes to understanding the current unrest at
Vulcano.

Plain language summary

Vulcano is an active volcanic island located in the Aeolian archipelago that
attracts touristic interest linked to volcano-related phenomena. The high ex-
posure of inhabited areas of the island makes the volcanic risk high, even for
small eruptive events, as occurred frequently in historical times. After the last
eruption (1888-1890) at the La Fossa crater, unrest phases have been recorded
and monitored since 1988. A new volcanic crisis, including increased fumarole
temperatures, enlarged fumarolic areas, gas composition changes, ground defor-
mation, and seismicity, have been ongoing since 2021.



Geophysical prospection activities based on the reconstruction of electrical re-
sistivity represent a relevant task while looking for an increase in the knowledge
of the volcano island volcanic system. This study presents the first three di-
mensional (3D) model of the structure of the La Fossa caldera down to 2 km
depth, gathered through a new magnetotelluric prospecting. This survey pro-
vides original information on the main structure of the caldera and the related
subsurface fluid circulation. Furthermore, the volcanological interpretation of
such findings also furnishes relevant clues about the causes of the geophysical
and geochemical anomalies detected in the last year, which involved the Vulcano
shallow hydrothermal system, highlighting the potential for possible hydrother-
mal/phreatic eruptive events.

1. Introduction

The island of Vulcano is the southernmost subaerially exposed volcanic edifice
of the Aeolian archipelago. Vulcano has been responsible for many eruptions
throughout history, including at least three phreatic eruptions (Arrighi et al.,
2006; De Astis et al., 2013, 2003; Dellino et al., 2011; Di Traglia et al., 2013;
Frazzetta et al., 1983; Fusillo et al., 2015; Gioncada and Sbrana, 1991; Gurioli
et al., 2012; Keller, 1980; Peccerillo et al., 2006; Rosi et al., 2018). Considering
the tourism value offered by volcano-related phenomena (e.g., hot mud flows
and fumaroles) and the high exposure of the local inhabited areas to volcanic
activity, the volcanic risks on the island are quite high, even for small erup-
tion events. The most recent eruption on the island occurred between 1888
and 1890 AD, and since then, Vulcano’s hydrothermal system has been the site
of different volcanic unrest (Alparone et al., 2019, 2010; Capasso et al., 1999;
Chiodini et al., 1995; Diliberto et al., 2002; Inguaggiato et al., 2022; Paonita et
al., 2013). In particular, in 2021, the routinely monitored geochemical and geo-
physical parameters showed significant changes, suggesting a potential increase
of magmatic fluids within the shallow geothermal system. Such fluctuations in-
volved changes to the isotopic composition of the volcanic gases (a well-known
magmatic tracer), temperature changes at both the crater and in groundwater
in the fumaroles, the opening of new fumarolic vents, and changes to the rate
of soil gas emissions observed at both the crater rim and the foot of the cone.
Moreover, GPS data revealed an expansion of the crater zone (confirmed by
InSAR data and geodetic surveys), which was traced to a pressurized source
at approximately 350 m depth below sea level (b.s.l.) (Paonita et al., 2022).
The occurrence of very long period (VLP) seismicity, centred northwards of the
Vulcano crater (named the ’La Fossa’ cone) at an average depth of 750 m b.s.1.,
has been associated with plausible fluid migration (Gangemi et al., 2022). The
subsequent rise in the Vulcano alert level, which was elevated from green to yel-
low, has led to increased scientific attention in the region. Prospection activities
concerning the island and the volcano-tectonic characterization of its structures,
including the relation between the volcano and the geothermal system, represent
one of the primary research topics at this time.

In similar contexts, prospections based on electrical resistivity measurements



have already been shown to be adequate tools for studying deep buried struc-
tures (Brothelande et al., 2014; Di Giuseppe et al., 2017, 2015; Finizola et al.,
2004; Hogg et al., 2018; Pous et al., 2002; Seki et al., 2021, 2016; Soueid Ahmed
et al., 2018; Troiano et al., 2021, 2019, 2014, 2008; Tsukamoto et al., 2018). Fur-
thermore, electrical resistivity has previously been used on same Vulcano Island
(Barde-Cabusson et al., 2009; Revil et al., 2010, 2008). Through the study of
this physical parameter, which is highly sensitive to temperature, porosity, per-
meability, and the presence of fluids (Barde-Cabusson et al., 2013; Brothelande
et al., 2014; Di Giuseppe and Troiano, 2019; Gresse et al., 2018, 2017; Unsworth
and Rondenay, 2013), it is possible to evaluate the degree of fluid permeation
in buried rock volumes and to reconstruct the subsurface structural character-
istics (e.g., faults, fractures, and litholigies) that coexist in active volcanic envi-
ronments. Considering that the deep structures beneath the La Fossa caldera
remain undefined at present (Chiarabba et al., 2004; De Ritis et al., 2005), the
mapping of the local subsurface structures by electrical resistivity presents a
great opportunity to increase the available knowledge regarding volcanic island
systems. The purpose of this study is to present the first three dimensional
electrical resistivity model of the subsurface structure of the La Fossa caldera
down to a depth of 2 km obtained by magnetotelluric (MT) prospection. This
survey provides original information regarding the main structure of the caldera
and the related subsurface fluid circulation. Furthermore, the volcanological in-
terpretation of such findings also provides relevant clues about the causes of the
abovementioned geophysical and geochemical anomalies detected over the last
year; anomalies that involved the shallow hydrothermal system below the island
and may indicate the potential for possible hydrothermal/phreatic events.

2. Volcanological Framework

The island of Vulcano is the exposed summit of an active NW—SE-elongated com-
posite volcano located in the southernmost sector of the Aeolian archipelago (Vi-
lardo et al., 2013). Tt is nearly connected with the nearby Lipari complex, from
which it is separated only by a shallow water saddle at depths of approximately
50 m b.s.l. (De Astis et al., 2013). Volcanism spread across eight eruptive epochs
separated by volcano-tectonic events that produced two intersecting multistage
calderas and major quiescent intervals (De Astis et al., 2013). Vulcano rocks
range from basalt to rhyolite and show variable alkali contents, that roughly
increase over time, according to the structural and volcanological evolution of
the volcanic system. The locations of the volcanic centres at Vulcano and Lipari
islands have been largely controlled by normal faults (mainly striking NNW SSE
and N S) that were particularly dominated over the last approximately 55 ka
and by N S structures during the most recent periods of volcanic activity (8 ka
and <2 ka; Ruch et al., 2016). The most recent volcanic period produced erup-
tions ranging from Strombolian and effusive types to Vulcanian eruptive cycles,
and included a few significant phreatomagmatic eruptions (Selva et al., 2020
and references therein), with somewhat simultaneous activity located within
La Fossa Caldera and the Vulcanello vent (e.g., Fusillo et al., 2015). The large
phreatic explosions from the La Fossa crater that involved the hydrothermal sys-



tem produced extensive eruption-like phenomena, including convective columns,
ballistic ejection, and pyroclastic density currents, and have been reconstructed
by stratigraphic records (such as the Breccia di Commenda event; (Di Traglia
et al., 2013; Frazzetta et al., 1983; Rosi et al., 2018; Selva et al., 2020).

After the last eruption (1888-1890) at the La Fossa crater, a continuous gas
discharge developed in the two main fumarolic fields (one on the active crater rim
and the other near the Levante shore). In addition, widespread diffuse degassing
through the soil, both on the crater rim and at a few sites on the caldera
floor, also occurred. Unrest phases, including increased fumarole temperature,
enlarged fumarolic areas, changes in gas composition, ground deformation, and
seismicity, have been recorded and monitored since 1988.

The ongoing unrest showed a sharp increase in degassing activity, both from the
crater fumaroles and through the soil, including a drastic increase in both the
magmatic component of the fumarole composition and the temperature. Local
seismicity (VLP events) and ground deformation phenomena centred below the
northern sector of La Fossa crater have also been recorded by the monitoring
system maintained by the Istituto Nazionale Geofisica e Vulcanologia (INGV)
since August-September 2021 (INGV, 2022). The recorded anomalies are still
evident, with the greatest increase in hydrothermal activity observed in Baia di
Levante, where abrupt outgassing episodes have led the municipality to prohibit
access to portions of the beach.

3. MT Investigations

Figure 1b shows the locations of the 53 sites where fieldwork and MT data
collection were conducted. Measurements were collected by a Stratagem EH4
instrument produced by Geometrics Measurements, which equipped with addi-
tional low frequency magnetometers and electric dipoles to acquire signals in
the [1071-10°] Hz frequency band. A controlled source was used in the frequency
range from 1,000 Hz to 64,000 Hz.

Preliminary analyses of the acquired data focussed on data dimensionality,
which was estimated through the study of the Phase Tensor (Caldwell et al.,
2004; Figs. S1, S2) and via the analysis of the influence of the Vulcano ground-
level topography and seafloor bathymetry on the MT dataset (Yang et al., 2010;
S3). As a consequence of such analyses, the inversion of the Vulcano MT dataset
was done by adopting the 3D code "Modular system for Electromagnetic inver-
sion” (ModEM) (Egbert and Kelbert, 2012; Kelbert et al., 2014; Meqgbel, 2009),
which is currently considered something of a standard for similar analyses. For
detail on the model mesh adopted during the inversion see the Supplementary
Information.

The input data were decimated to 8 logarithmically spaced frequencies, ranging
from 1000 to 0.31 Hz. A fixed error floor equal to 5% was applied on the
nondiagonal elements of the impedance tensor, which were the solely modes
inverted due to the indications obtained by the data preliminar analyses. For
the final inversion model, it took 73 interactions for the ModEM inversion code



to converge at a 1.98 value for the normalized root mean square (nRMS: Fig.
S4). Fig. S5 shows a comparison between the measured and predicted data for
all sites and frequencies.

4. The 3D Electrical Resistivity Model

The 3D MT image of the central-northern sector of Vulcano allowed for the iden-
tification of the subsurface electrical resistivity patterns down to a depth of 2
km b.s.l. Several resistivity anomalies appeared in the 3D model concerning the
volcano’s different structures or physical conditions, which can be seen by exam-
ining the several 2D slices sketched in Figure 2, which refer to the traces along
the profiles shown in Figure 1b (red lines), and the horizontal maps sketched in
Figure 3 (each one pertaining to a different elevation).

These sections and maps revealed many relevant resistivity anomalies, labelled
with capital letters in Figure 2. The most significant among these features is
the resistivity anomaly on the order of hundreds of 2 m, labelled with A in the
maps and sections, whose location closely corresponds with the La Fossa crater.
This feature has a cylindrical symmetry at the top section and increases in size
from approximately 500 m b.s.l. As shown in Figure 2 (section AA’), the top
of the A anomaly rises to approximately 200-300 m below the La Fossa crater
and extends to a depth of 600 m to the north and 1000 m to the south of the
crater. On the other hand, west of the crater, the top of the A structure lies at
a depth of approximately 1000 m, whereas to the east, it lies at approximately
600 m depth (Figure 2; FF’ section). Finally, this anomaly also presents a small
apophysis (labelled A;), which is primarily evident in section DD’ The apical
part of structure A also appears to be connected to a further, more superficial,
anomaly of similar resistivity value, indicated by A,. The location of this feature
corresponds with the uppermost part of the La Fossa cone, which is primarily
evident in sections EE’ and FF".

A low resistivity layer, denoted as B in the sections of Figure 2, is detected
around structure A, and is characterized by an average value of a few tens
of  m. This anomaly surrounds the top of the A structure and is generally
confined above approximately 500 m b.s.l. to the east of the crater, though it
extends to a depth of approximately 1000 m towards the west (Figure 2; sections
DD’, EE’, GG’, HH).

Several resistive anomalies of several hundred © m (denoted by C) interrupt
the horizontal continuity of conductive layer A. However, as shown in Figure
3a (resistivity maps for elevations ranging from 50 to 450 m), these resistivity
anomalies appear superficial and are confined to the first 500 m b.s.l., except
those localized in the vicinity of Vulcanello.

4. Discussion/Results Interpretation

The geometry of the resistivity anomalies sufficiently highlights the different
volcano-tectonic lineaments that have characterized the volcanic evolution of
the island of Vulcano. Furthermore, these results provide valuable indications



for understanding the interaction between the lithostratigraphic setting, fluid
circulation, and the current dynamics recorded on the island. All the resistivity
sections presented in Figure 2 intersect and clearly show the La Fossa caldera
border structures in their different sectors, except for the submerged portion
outside the area of investigation (Figure 3).

Apparent resistivity contrasts generally characterized the structures interpreted
as caldera faults (Figure 2; red dotted lines) at the base of the outcropping es-
carpments identified as the exposed slopes of caldera collapse. Such resistivity
contrasts remain evident with geologic structural data regardless of the age of
the volcano-tectonic collapses reconstructed (De Astis et al., 2013). In particu-
lar, the correlation of fault scarp and resistivity contrast seems more evident in
the southern sector, corresponding to the older collapse phase VC2-VC4, per-
haps related to probable reactivations of these structures. In contrast, in the
northwestern sector, the resistivity contrast seems to be more internal than at
the morphological edge.

The calderic borders are also evident in the resistivity maps (Figure 3), where
the N S aligned high resistivity anomalies are associated with the western La
Fossa caldera structure (phase V6; De Astis et al., 2013).

Moreover, the resistivity sections (Figure 2) show that the highest resistivity
bodies detected along the surface mainly correspond to a series of volcanic ed-
ifices, craters, volcanic conduits, and/or eruptive fissures. In addition to the
domes from the Monte Lentia Formation (sections EE’ and GG’), the anomalies
associated with Monte Saraceno (sections DD’ and AA’), Monte Rosso (sections
BB’ and CC’), Monte Luccia (section EE’), Cala del Formaggio (section CC’)
and Vulcanello (section AA’) are all located along the edges of the caldera. The
crater areas of La Fossa, Forgia Vecchia, Pietre Cotte, the Faraglione Tuff cone
and Vulcanello are all aligned within the caldera along a N S direction (section
AA’). A further resistivity anomaly in the crater summit area (indicated A, in
sections EE’ and FF’) likely relates to the N S trending structure.

Resistivity maps in the first 50 m b.s.l. also allowed for a suitable identification
of the previously described high resistivity bodies. Below 450 m, two resistivity
anomalies that trend E W and N S are evident, the latter of which remains
visible to depths in excess of 1,000 m b.s.l. (Figure 3). The E W structure
corresponds to the alignment of the Lentia-La Fossa eruptive centres (Figure
3b; orange dotted line), whereas the N S structure (Figure 3b, c; yellow dotted
line) sufficiently describes the alignment of the most recent historical volcanic
vents on the island (Vulcanello, Faraglione, La Forgia Vecchia, and La Fossa) as
well as the most active presently outgassing structures.

The primary alignment found by MT investigations along the N S direction
finds strong support in the literature. Several authors (De Astis et al., 2003;
Ventura et al., 1999) hypothesize that the position of surface magmatic reservoirs
responsible for volcanism at Vulcano could be controlled by N S secondary faults
that play a predominant role in magma upwelling in most superficial layers (<0.5



km depth; Chiarabba et al., 2004). Ruch et al., 2016 suggested that recent
volcano tectonics in the islands of Lipari and Vulcano acted exclusively along a
N S-directed magmatic corridor that was originally 2 km wide but thinned to 1
km over the last 2 ka. This is in relation to a constant E W-directed extensional
regime and in agreement also with the geochemical petrological data which
supports the existence of a single stable subsurface magmatic source oriented in
a N S direction (Davi et al., 2009).

Concerning the anomalies described in the previous section, the A structure
appears centred beneath the La Fossa crater. Its signature (in terms of geome-
try and resistivity) suggests the possible presence of a fluid permeated conduit.
Through such a conduit, deeply stored magma-derived fluids could upwell to-
wards the summit of the crater. Notably, the location and depth of the recently
recorded ground deformation source at Vulcano (Paonita et al., 2022) coincide
with the apical part of this resistive A-body (Figure 2; white star; sections AA’,
CC’, EE’, FF’).

The conductive B anomalies could correspond with zones of higher permeability.
These are indicative of the more fractured sectors close to the volcano-tectonic
lineaments (Figure 2; sections AA’, BB’, CC’, GG’) and in the eastern and
southernmost superficial sectors of the La Fossa cone, where rising gases in the
conduit probably interact with the seawater along the main caldera and crater
structures (Figure 2; sections CC’, FF’, HH’). The conductive environment ap-
pears generally confined to the upper 500 m and is probably the expression of
the shallow hydrothermal system of the island. At those depths, there is an
interface with a moderately resistive environment, which deepens only in the
western intracalderic sector. There is evidence in that region of a conductivity
anomaly that extends to approximately 1000 m b.s.l., which is an area close to
the marginal caldera faults. These results could indicate a zone of increased
fracturing and permeability that would favour deep marine ingression.

The depth of the conductive-resistive interface in the caldera can be compared
with the observations made during the drilling of the Vulcano Porto deep well
(Agip Report, 1987), when a transition was detected at a depth of approxi-
mately 600 m b.s.l. Corresponding to such a transition, a contrast has been
reconstructed between a shallower sector that consists of more permeable rocks
with a low geothermal gradient, convective regime, and a deeper sector char-
acterized by more impermeable lavas with a high geothermal gradient, high
temperatures and a conductive regime (Agip Report, 1987). It is worth noting,
however, that the conductive-resistive separation horizon detected in the N E
sector of the La Fossa well also matches the source volume location of the VLP
seismic event (Gangemi et al., 2022)modelled at an average depth of 750 m b.s.1.
(white star in Figure 2; sections AA’, BB’, FF, GG’).

In addition, the areal distribution map of surface CO2 fluxes (INGV, 2022)
shows a good correlation between the main degassing structures and the electri-
cal anomalies detected by the resistivity images. In particular, the anomalous
Grotta dei Palizzi zone, as well as that of the Sicilia campsite, is located in the



sector affected by the resistivity contrasts that highlight the La Fossa caldera
marginal faults. Additionally, the Baia di Levante area is located along the N S
structure and probably intersects with NE SW faults. Comparing the surface
resistivity maps (z=50 m b.s.l.) and the CO, flow anomalies (INGV, 2022),
, shows that CO, flow is confined to the inner edge of the higher resistivity
bodies (Figure 3d). This confirms that the maximum expression of ground/soil
degassing occurred along the main structures already highlighted in the sections
of Figure 2.

Concluding Remarks and Implications

The 3D resistivity model from Vulcano describes all the island’s main structures,
clarifies their geometries and highlights their relationship with the most signifi-
cant volcano-tectonic alignments. Additionally, these features present evidence
of the eruptive history and present condition of the volcano.

The main characteristics of the 3D resistivity model, which were summarized in
Figure 4, give rise to a few relevant considerations:

e Below the La Fossa main crater, the MT image detected the presence of
a relatively highly resistive body (the A anomaly in Figure 2, 4), which
extends down to a depth in excess of 2 km (e.g., below the maximum depth
investigated by the present survey). This likely represents a conduit-like
structure that acts as a preferential pathway for deep fluids of magmatic
origin to move towards the surface.

e In the crater zone, the top of this conduit corresponds to the location
indicated by ground deformation data modelling as the source of the on-
going volcanic unrest, which involves the Vulcano hydrothermal system.
As the top of the A anomaly deepens, it moves away from the centre of
the La Fossa crater. In particular, the northeastern part of the features
overlaps with the source of the VLP seismic events recorded in the last
year. This observation seems to correspond to the boundary between the
rising magma channel and the shallower Vulcano geothermal system, in
which the resistivity results show resistive and conductive behaviour, re-
spectively.

e A series of resistivity anomalies, indicated with C in Figures 2, 4 and
4, align mainly along the N S direction and overlap with the La Forgia
Vecchia and Baia di Levante degassing structure of the N NE crater sector.
Such structures likely represent the region of the island where most deep-
rising fluids accumulate and mix with the magmas related to the most
recent volcanic activity (Figure 3d).

As a further remark, we recall the direct coupling between the top of the A
anomaly and the apical A, anomaly, which appear to have comparable resis-
tivity (Figure 2; Sections EE’, FF’). Many studies have been done concerning
MT investigations within active volcanic systems worldwide (Di Paolo et al.,
2020; Gresse et al., 2021). In a good number of these cases, the studies un-



derline the possible presence of hydrothermally altered rock volumes acting as
‘clay caps’ at the top of volcanic conduits (Fulignati et al., 1998), whose for-
mation has been promoted by an intense circulation of hot fluids. Clays and
hydrothermally altered rocks have very high conductivity signatures under wet
conditions. However, they could present a different signature if placed in a
dry environment. Regarding the A-A, coupling detected in the La Fossa crater
case, which consists of two similarly resistive structures, we suggest the pres-
ence of a rock volume from which fluids were drained, likely due to the effects
of a pressure gradient caused by a deep fluid input source that pressurized the
shallower part of the La Fossa hydrothermal system. Such fluids, interacting
with the surrounding rock volumes, altered the thermodynamic conditions of
the hydrothermal system. This likely caused an increase in the fluid pressure,
changes in fluid circulation and possible water vaporisation. This likely altered
the surficial fluid circulation in the shallow system, including the water table,
and led to diffuse degassing at the ground and fumaroles vent, as detected by
the monitoring system.
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Figure Captions

Figure 1. MT soundings carried out on the island of Vulcano. a) Morphostruc-
tural sketch map of Vulcano; b) locations of the 53 MT sites and traces of the
resistivity profiles extracted by the model

Figure 2. Resistivity sections related to the profiles shown with red lines on the
Vulcan map of Fig. 1b. The contour of electrical resistivity as a function of
depth is represented using the reported color bar scale; symbols are represented
in legend; letters are explained in the text.

Figure 3. Horizontal sections of electrical resistivity related to elevations z=50
m, z=450 m, z=1000 m a.s.. The map shows: a) the main volcano-tectonic
structures extrapolated from De Astis et al., (2013) and the eruptive centers
inferred from the resistivity anomalies; b) and c) the areas characterized by
E-W (dashed orange line) and N-S (dashed yellow line) trending structures
highlighted by the resistivity anomalies; d) Curves extracted from the spatial
distribution of CO2 fluxes emitted to the ground (INGV Bulletin) superimposed
on a map (z=50 m a.s.l.) of 3D electrical resistivity model.

Figure 4. Sketch model of the La Fossa caldera deducted by the 3D resistivity
model obtained through the current MT survey. Interpretative elements are
also superimposed on the model. In particular, 4a shows a visualization (view
from the east) showing the depth trend of the most resistive bodies aligned in
the N-S direction; 4b shows the detected anomalies along an E-W alignement



(view from the south). The common logarithmic scale represents the electrical
resistivity.
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