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Abstract: The identification of the mechanisms responsible for the deformation of calderas is of
primary importance for our understanding of the dynamics of magmatic systems and the evaluation
of volcanic hazards. We analyze twenty years (1997–2018) of geodetic measurements on Ischia
Island (Italy), which include the Mt. Epomeo resurgent block, and is affected by hydrothermal
manifestations and shallow seismicity. The data from the GPS Network and the leveling route show a
constant subsidence with values up to −15 ± 2.0 mm/yr and a centripetal displacement rate with the
largest deformations on the southern flank of Mt. Epomeo. The joint inversion of GPS and levelling
data is consistent with a 4 km deep source deflating by degassing and magma cooling below the
southern flank of Mt. Epomeo. The depth of the source is supported by independent geophysical
data. The Ischia deformation field is not related to the instability of the resurgent block or extensive
gravity or tectonic processes. The seismicity reflects the dynamics of the shallow hydrothermal
system being neither temporally nor spatially related to the deflation.

Keywords: GNSS; velocity field; resurgent caldera; subsidence; earthquakes; degassing processes;
modelling

1. Introduction

The deformation of calderas may be associated with different processes, including
the magma accumulation, lateral migration or withdrawal, increase or decrease of gas
pressure of hydrothermal systems, and variations in the degassing rate of magma cham-
bers [1]. While uplift phases are indicative of resurgence and may be precursors of volcanic
eruptions, testifying to a pressurization of the magmatic system due to magma/gas ac-
cumulation or upward magma/fluid migration, subsidence episodes are more difficult
to interpret because they may be related to different causes, such as magma cooling and
degassing [2], lateral magma migration in sills [3], depressurization of hydrothermal reser-
voirs [4], regional extension related to tectonics, and gravity instability processes [5]. This is
particularly difficult when the subsidence is associated with seismicity. As a result, our un-
derstanding of the processes responsible for the subsidence of resurgent calderas represents
a primary target to decipher their dynamics. Well-known resurgent calderas include the
Campi Flegrei caldera, Italy [6], Yellowstone, USA [7], and Santorini, Greece [8]. All these
calderas are characterized by uplift episodes followed by short to long subsidence (defla-
tion) periods with seismicity generally associated with the uplift phases. The identification
of the mechanisms responsible for deflation may give us information on the dynamics of the
underlying magmatic and hydrothermal systems and on the role of tectonics and gravity
processes in modulating the deformation of volcanoes. Aiming to recognize the different
causes of the recorded subsidence of Ischia’s (Italy) resurgent caldera (Figure 1), we analyze
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deformation data from the past twenty years. Ischia Island is located in the northern sector
of the Gulf of Naples, Italy, which also includes the Somma-Vesuvius volcano and Campi
Flegrei caldera (Figure 1). Nowadays a geodetic GPS survey style network of 22 vertices
operates on the island to monitor its deformation behavior [9,10]. The network is managed
by INGV—Osservatorio Vesuviano and includes six permanent GPS vertices belonging to
INGV—OV and one vertex belonging to the Regione Campania (Figure 2). For the first
time, the deformation pattern of the island is investigated by using a GPS dataset from
1997 to 2018. Our analysis also includes leveling data reported by Trasatti et al. (2019) [11].
Results reveal the spatial and temporal displacements; subsequent GPS and levelling data
inversion allow us to identify the different causes of measured displacements, revealing
the role of passive degassing processes in controlling the deformation of resurgent blocks
at calderas. Finally, we discuss the relationships between earthquakes and deformation
pattern.
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2. Geological Setting

The volcanism on Ischia occurred between 130–150 ka and 1302 A.D (Figure 1) [12].
The most recent activity (<10 ka) is concentrated in the eastern sector of the island. The
resurgent block of Mt. Epomeo (786 m a.s.l.), located in the western sector, uplifted between
55 ka and 19 ka and has been followed by a still active subsidence [13–15]. In the period
1993–2003, measured subsidence rate varies between 1 and 5 mm/year [16,17], and it has
been related to fracture closure due to depressurization of the hydrothermal system [17].
The northern flank of Mt. Epomeo is affected by WSW-ESE to E-W striking, north-dipping
normal faults (Figure 1), some of which reactivated during the 1883 earthquake (MCS
intensity = X) [18,19]. Ischia is also affected by significant hydrothermal activity [20]. A
close spatial relationship occurs between the Casamicciola Terme fumaroles, hot springs,
and the above-mentioned E-W striking faults (Figure 1). The highest CO2 (9 t d-1) and
steam (135 t d-1) release are measured along the faults that delimit Mt. Epomeo’s resurgent
structure. Some of these faults are sealed by secondary minerals like gypsum and anhydrite,
which are related to the deposition of supersaturated hydrothermal solutions and leaching
of the tuffs and lava flows [20,21]. Moreover, a hydrothermal system with heat flow and
temperatures up to 40 MW and 250 ◦C [21], respectively, characterizes the island [22]. The
hydrothermal system consists of two sub-horizontal water-vapor reservoirs located at
about 400 and 900 m depth with temperatures between 250 and 350 ◦C and fluid pressures
of 4 to 9 MPa, respectively (Figure 1) [20]. These reservoirs are laterally confined by the Mt.
Epomeo faults, which, in the Casamicciola Terme area and west of the resurgent block, act
as pathways for the rise of hot fluids and gas release (Figure 1). On the basis of resistivity
data, the magmatic source responsible for the hydrothermal system heating is supposed
to be a laccolith located at depth ≥ 3 km, below Mt. Epomeo [23]. Above the laccolith,
subvertical vapor zones cross and feed two hydrothermal reservoirs (Figure 1) [21]. Seismic
activity is rather low and generally with low (Md < 2) magnitude events. These events
mainly occur along the E-W and NNW-SSE faults delimiting the northern and western
sectors of the island where gas emissions and hot water springs also concentrate, and occur
within the first 3 km of the crust (Figure 1) [24]. However, the historical record shows that
Ischia was struck by some larger magnitude earthquakes, a few of them causing severe
damages and fatalities. Remarkable events occurred in 1881 and 1883 in the Casamicciola
area and on 21 August 2017, (Md = 4; Mw 3.9) [25]. This latter event occurred on the E-W
fault system bounding the northern sector of Mt. Epomeo, damaging a limited portion
of the Casamicciola area (Iomax = 8) and causing two fatalities. The ‘shallow’ source
of the Io = X 1881, 1883, and Md = 4 2017 (depth 1.7 km) [26] damaging earthquakes,
the ‘explosion’ in 1995 of a geothermal well drilled between 1940 and 1950, and the
occurrence of boiling phreatic aquifers are interpreted to be related to the dynamics of the
hydrothermal system [20,25,27], and, in particular, to its pressurization phases. The relevant
CLVD component of the focal mechanism of the 21 August, 2017 Md = 4 event, its low
frequency character, the low S/P spectral ratio, and the characteristics of the seismic noise
also provide evidence of the involvement of pressurized fluids in the source of the Ischia
earthquakes [25,26]. The temporal trends of selected geochemical parameters (groundwater
discharge temperatures, groundwater Mg/Cl ratios and CO2 partial pressure) do not show
significant variations from 1984 to 2007, suggesting, according to [21], a stable system with
a nearly constant thermal and mass transport from depth. As concerns the deformation
field, results from SAR data [16] and levelling lines collected in the 1987–2010 [11] and
1990–2003 [17] periods, evidence a subsidence trend, with values up to 1.2 cm/yr centered
on the Mt. Epomeo resurgent block, while little or no subsidence occurs on the coastal
areas. The observed pattern has been interpreted as due to degassing processes along the
faults bounding Mt. Epomeo from a shallow, depressurizing magma reservoir [11,16] or
along two main E-W striking, closing cracks corresponding to the Casamicciola fault and
the faults bounding the top of Mt. Epomeo [17]. The role of gravity instability processes in
controlling the deformation pattern at a local scale has been also recognized (Manzo et al.,
2006) [16]. Main processes are the slide of the northwestern sector, activated during the
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1881 and 1883 earthquakes, and the rock-fall zones affecting the steep eastern and northern
slopes and the summit of Mt. Epomeo (Figure 1).
3. GPS Network and Dataset Processing

Since October 1996, a survey style network of 27 GPS vertices with an inter-distance
of 1 to 3 km has been established on Ischia to define the deformation field of the island
(Figure 2) [9]. From 1999 to 2013, five of them (AQMO, FORI, OSCM, SANT and SER1) were
upgraded into continuous GNSS (CGNSS) stations. The current network configuration
also includes the CGNSS station on the top of Mt. Epomeo (MEPO), since March 2017, and
one CGNSS station (ISCK) managed by the Campania Region, since 2008 (Figure 2).

The survey style network vertices were realized using 3D-type GPS monuments [9,28].
Siting was performed taking into account the geological and structural features of the
island and its urbanization; the benchmarks are located on outcrops or buildings.

During the 1997–2017 time span, all discontinuous stations of the network were
repeatedly measured, equipping the GPS stations with TRIMBLE and LEICA receivers and
antennas. Each station was occupied for an average observation window ranging from 18
to 24 h for at least 4 survey sessions per station. GPS data were collected at 30 s sampling
rate (Table 1).

The complete analyzed dataset, which includes unpublished survey-style data from
2010 to 2017, also considers CGNSS data provided by the CGNSS networks located in
the Campania and south Lazio regions. The CGNSS stations belong to different GNSS
network providers: the International Global Navigation Satellite Systems GNSS Service
IGS [http//igs.org, accessed on 26 October 2021, daily available.], the Integrated National
GPS Network, RING [29], the Italian Space Agency (Agenzia Spaziale Italiana; ASI) [30],
and Leica Geosystems (Italian Positioning Service [ItalPos] network). The CGNSS data
cover the period from 1999 to 2018. They are arranged into several clusters, each sharing
common fiducial CGNSS stations used as anchor stations in the subsequent combinations.
Each cluster was independently processed and then integrated through a least-squares
combination into a single daily solution. The GPS observations were processed using
the Bernese 5.0 [31] software, based on the Bernese Processing Engine (BPE) procedure,
following a standard analysis for regional networks. The daily station coordinates, together
with the hourly troposphere parameters, are solved using the a priori Dry Neill troposphere
model with the corrections estimated by the Wet Neill mapping function. The ionosphere
is neither estimated nor modeled as we used the L3 (ionosphere free) linear combination of
L1 and L2. The a priori GPS orbits and the Earth orientation parameters are fixed to the
precise IGS products. We applied the ocean-loading finite element solution model FES2004,
and used the IGS absolute antenna phase-center corrections. The daily solutions were
obtained in a loosely constrained reference frame; i.e., all the a priori station coordinates
were left free to 10 m a priori sigma. The time series were obtained by applying minimal
inner constraints and a four-parameter Helmert transformation to have the coordinates
and errors expressed in the IGS08 reference framework (the IGS realization of the ITRF2008
reference framework). We obtained a velocity field with the estimation of a linear drift
(velocity), annual sinusoid, and occasional offsets due to changes in the station equipment
in each time series. The formal velocity uncertainties are the white-noise standard deviation
multiplied by the variance factors obtained from the time series at each site. We preferred
to issue the formal solution without any covariance manipulation, thus focusing on the
relative uncertainty between velocities rather than absolute errors.

http//igs.org
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Table 1. Summary of the geodetic network, velocities, time span acquisition, and number of campaigns.

SITE East
(mm/yr)

sigE
(mm/yr)

North
(mm/yr)

sigN
(mm/yr)

Up
(mm/yr)

sigUp
(mm/yr)

Tin
(initial; yr)

Tfi
(final; yr) # Campaign

AQMO −1.3185 1.0561 −0.8085 1.0672 −3.7278 0.2328 2001 2018 CGNSS
BARA −1.2012 1.2281 2.4108 1.4395 −7.6995 5.8372 1998 2017 6
CHIU −1.5085 0.5462 1.8581 0.6677 −3.2606 2.471 1997 2017 7
EPOM 0.6406 1.138 3.1905 1.3249 −9.8474 4.9739 1997 2017 7
FAN1 1.8555 1.5572 −1.8048 1.6763 −2.9954 7.4253 1998 2017 6
FAN2 0.9177 1.335 2.0247 1.6369 −10.1203 6.5496 1998 2017 6
FIAI −1.9689 1.3448 0.5986 1.5824 −6.6067 6.636 1999 2017 5
FORI 1.2557 1.0692 −1.3669 1.0853 −2.7434 0.5228 1997 2018 CGNSS
ISCH −1.2798 1.03 −0.621 1.2643 −3.0754 4.726 1997 2017 7
ISCK −1.4056 1.057 1.3132 1.1506 −4.2302 0.7274 2008 2018 CGNSS

MCOR 3.1704 1.5771 1.2881 1.6606 −7.7989 7.4588 2003 2017 3
MEPO −1.1809 1.0394 3.3943 1.1477 −15.1859 5.2276 2017 2018 CGNSS
MEZZ −0.512 1.199 −2.0104 1.4277 −2.2951 5.6208 1997 2017 7
MOLA −1.0144 0.9449 1.3155 1.1494 −2.5843 4.4062 1998 2017 7
OSCM −0.4383 1.0813 −2.5699 1.1087 −3.2291 0.3768 2010 2018 CGNSS
PANZ 3.2801 1.2677 2.7378 1.5565 −2.1145 6.0143 2010 2017 3
PCAR −0.289 1.2238 −1.6892 1.3691 −1.9985 5.5785 1997 2017 7
PIMP 2.8468 1.3238 −0.6643 1.6352 −3.5494 6.2291 1998 2017 6
SANT −1.6167 1.1062 0.4773 1.1268 −2.5306 0.4933 2013 2018 CGNSS
SER1 1.3107 0.062 3.3351 0.0748 −6.8572 0.265 2001 2018 CGNSS
SUCC 1.8514 1.2647 1.8193 1.6016 −4.8232 6.0664 1998 2017 7

4. Results

The horizontal velocity field of the complete dataset including southern Lazio region,
Campania region with Ponza, Ventotene, and Ischia islands, expressed with respect to a
fixed Eurasian plate [32], shows a good coherence with the velocities previously estimated
for the Italian peninsula [33,34]. The wide time span of the data set includes the earthquake
that struck the island on 21 August 2017. It produced significant offsets only in two
continuous GPS stations: MEPO and OSCM (see Figure 3 as an example of time series at
OSCM).

The observed displacements were modelled introducing an offset in the respective
time series. To better understand the Ischia velocity field, we focused on the island, showing
the horizontal velocity field with respect to the island centroid. This latter was obtained
by minimizing the horizontal velocities of the GPS stations (Figure 2; Table 1). We also
show the vertical velocity field with respect to the reference ellipsoid (Figure 2). The
estimated Euler pole and rotation rate for the centroid are at −39.751◦N, −165.247◦W and
13.5395 ± 9.974 deg/Myr in modulus, respectively. Six vertices (FANG, FONT, MROT,
PIED, RBOC and SCIR) have been eliminated due to incomplete time series or because
they are installed on unstable areas (landslide and rockfall) or have been destroyed. The
velocity vectors, reported in Figure 2, converge towards Mt. Epomeo with values ranging
from a maximum of 4.27 mm/yr, in the SW, to a minimum of 1.42 mm/yr, in the northern
part of the island. The three stations of FAN2, EPOM, and MEPO show patterns deviating
from the dominant one. The above-described planar velocity field is accompanied by a
general subsidence, ranging from −15.2 mm/yr at Mt. Epomeo to −1.99 mm/yr in the
northeastern side of the island. The largest values of subsidence were been observed in the
central and southern sectors of Ischia.
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5. Displacement Field Modelling

In order to identify and characterize the main ground deformation source of Ischia,
we performed an analytical modelling by inverting the available ground deformation data.
In particular, we used the CGNSS data and the leveling data reported in [11]. Levelling
campaigns start from an initial reference point that is assumed to be stable (velocity equal
to zero). However, the CGNSS stations close to the leveling reference point measure
downwards displacements of about −3 mm/yr. Thus, we calibrated the two datasets,
adding to the leveling data a rigid offset of −3.08 mm/yr. To verify the dataset agreement,
we compared the leveling velocities at measure points close to the CGNSS benchmarks
with CGNSS velocities (see scatter plot in Figure 4). The comparison highlights a good
agreement between the two datasets with a correlation index of 0.83. Because Ischia
undergoes localized landslide phenomena mainly concentrated in the central and northern
sectors of the island [35], we excluded from the modelling some leveling and CGNSS data
as specified in the previous section.

To retrieve the source parameters, we jointly inverted the CGNSS and leveling datasets
by using an elastic, isotropic, and homogeneous model [36]. We adopt a two-step ap-
proach [37] consisting of a non-linear inversion to define the source parameters (north, east,
depth, length, width, dip, strike, and homogeneous closuring along the plane) by means
of a non-linear, least-squares inversion algorithm based on the Levemberg–Marquardt
approach. Values of 30 GPa and 0.25 are assumed for the shear modulus and Poisson’s
ratio in the half-space, respectively. Because of the complex geological, hydrothermal, and
volcanic structural features of Ischia, the deformation source can be assumed to be a hori-
zontal closuring layer [21,23,25] whose unknown parameters are the depth, the closuring
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rate, and spatial extent. During the first step, we defined the source depth, position and
homogeneous closuring. The parameter uncertainties, best fit and trade-offs (Figure 5)
were estimated with 150 restarts of the inversion, adding, each time, a synthetic noise [37].
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The best-fit model reveals a horizontal closing crack at about 4 km depth located
below the southern flank of Mt. Epomeo. The depth value appears different from the 2 km
obtained by [11], whose inversion includes only levelling data. Although the non-linear
inversion concentrates best solutions around 4 km depth, during the second step, we took
into account both 2 km and 4 km depth results, and performed a ground velocity linear
inversion exploring both solutions. Source closuring distributions, and observed, modeled,
and the residual (observed minus modelled) velocities from both linear inversions are
reported in Figure 6. Closuring distribution is calculated as closuring rate (mm/yr) on
a 0.5 × 0.5 km grid along the horizontal plane. The resulting closuring rate corresponds
to −3.66 × 105 m3/yr and −3.19 × 105 m3/yr for 4 and 2 km depth models, respectively
(Table 2). Both models well reproduce the quasi-centripetal horizontal velocity pattern and
the concentric vertical one. However, the 2 km depth model underestimates the central
subsidence pattern of leveling data (Panel j in Figure 6), the horizontal CGNSS centripetal
pattern (Panel a in Figure 6), and overestimates the vertical CGNSS components (Panel b
in Figure 6). Therefore, we favor the 4 km depth model, with the source of deformation
located in the southern sector of Mt. Epomeo.

Remote Sens. 2021, 13, x FOR PEER REVIEW 9 of 13 
 

 

 
Figure 6. (a) Horizontal and (b) vertical GNSS velocities on Ischia Island. Black arrows represent the observed vectors; red 
and green ones are the modelled velocities for 4 km and 2 km depth models respectively; in (c,d), the corresponding 
closuring distributions for both models. Panels in second and third rows (e–k), report the observed, modelled, and residual 
levelling velocities for 4 km and 2 km depth models respectively; in panel (h,l) the corresponding 3D views of both dis-
placement models are shown. 

Table 2. Parameters of the retried deformation sources (depth, mesh, and mean volume). 

Model Mesh (m) Mean ∆ Volume (m3) 
2 km Depth 7000 × 7000 −319,225 
4 km Depth 7000 × 7000 −366,325 

6. Discussion 
The 1997–2017 GNSS and leveling data show that Ischia is mainly characterized by a 

deformation field recording a general contraction, a feature observed in other volcanic 
areas, e.g., at Dallol and Askja [38,39], among others. At Ischia, this is testified by the gen-
eral subsidence and a centripetal pattern of the horizontal deformation field, with maxi-
mum velocities, in both horizontal and vertical components, recorded in the Mt. Epomeo 
area. Only a few GPS stations diverge from the centripetal pattern, because of gravity in-
stability phenomena [35]. The deformation rate remains nearly constant at each station 
and neither horizontal and vertical deformations showed significant changes in their rate 
after the Md = 4, 21 August 2017 earthquake (Figures 1 and 3). According to Calderoni et 
al. (2019) [25], the Ischia earthquakes are associated with hydrothermal pressurization 
processes and degassing and not with tectonics or the Mt. Epomeo subsidence. Taking 
also into account that historical and instrumental earthquakes concentrate in the northern 
sector of the island, we realistically conclude that the long term deformation field is due 
neither to earthquake dynamics nor to gravity processes. This latter conclusion is also 
consistent with the lack of relationships between topography and deformation rate. We 

Figure 6. (a) Horizontal and (b) vertical GNSS velocities on Ischia Island. Black arrows represent the observed vectors;
red and green ones are the modelled velocities for 4 km and 2 km depth models respectively; in (c,d), the corresponding
closuring distributions for both models. Panels in second and third rows (e–k), report the observed, modelled, and residual
levelling velocities for 4 km and 2 km depth models respectively; in panel (h,l) the corresponding 3D views of both
displacement models are shown.



Remote Sens. 2021, 13, 4648 9 of 12

Table 2. Parameters of the retried deformation sources (depth, mesh, and mean volume).

Model Mesh (m) Mean ∆ Volume (m3)

2 km Depth 7000 × 7000 −319,225
4 km Depth 7000 × 7000 −366,325

6. Discussion

The 1997–2017 GNSS and leveling data show that Ischia is mainly characterized by
a deformation field recording a general contraction, a feature observed in other volcanic
areas, e.g., at Dallol and Askja [38,39], among others. At Ischia, this is testified by the
general subsidence and a centripetal pattern of the horizontal deformation field, with
maximum velocities, in both horizontal and vertical components, recorded in the Mt.
Epomeo area. Only a few GPS stations diverge from the centripetal pattern, because of
gravity instability phenomena [35]. The deformation rate remains nearly constant at each
station and neither horizontal and vertical deformations showed significant changes in their
rate after the Md = 4, 21 August 2017 earthquake (Figures 1 and 3). According to Calderoni
et al. (2019) [25], the Ischia earthquakes are associated with hydrothermal pressurization
processes and degassing and not with tectonics or the Mt. Epomeo subsidence. Taking
also into account that historical and instrumental earthquakes concentrate in the northern
sector of the island, we realistically conclude that the long term deformation field is due
neither to earthquake dynamics nor to gravity processes. This latter conclusion is also
consistent with the lack of relationships between topography and deformation rate. We
also exclude the possibility that the recorded deformation field is due to the closure of
two subvertical, E-W striking cracks located in the southern and northern sectors of Mt.
Epomeo, as proposed by [17], because the recorded centripetal pattern of the deformation
is not consistent with this geometry of sources. Moreover, the lack of significant changes
in the chemical compositions of the gas and hot water emissions [21] and of uplift phases
exclude the possible emplacement of magma and, possibly, of its lateral migration at depth.
Therefore, the recorded contraction could be related to the huge degassing [20] and cooling,
possibly reflecting crystallization of a magma reservoir, as also suggested by Trasatti et al.
(2019) [11] on the basis of levelling data and coupled geochemical-deformation models.
The results of our modeling of the combined GPS and levelling data at Ischia indicate
two possible solutions: a sill-like source located at 2 km or 4 km depth. The occurrence
of a sill at adepth of 4 km fits the observed pattern of vertical and horizontal deformation
better. In addition, available resistivity data [23] indicate a high resistivity body extending
from the surface to a depth of at least 3 km below Mt. Epomeo and the Ischia earthquakes
are confined within the upper 3 km of the crust [24]. Moreover, the rheological model
proposed by Castaldo et al. [40] shows a dome-like elasto-plastic transition in which the
main magmatic body lies below a depth of 3 km. Our data indicate that this sill is located
below the southern flank of Mt. Epomeo, in an area not affected by earthquakes. In
addition, the nearly constant subsidence of the resurgent block does not re-activate its
eastern and western bounding faults. Therefore, the deflation dynamics of such a sill does
not explain the seismicity of the island. The only seismically active structures on Ischia
are represented by E-W striking faults located at the base of the northern flank of the
resurgence block, which are frequently re-activated by earthquakes [18,41]. Indeed, most
earthquakes occur in areas where fumaroles and hot water emissions concentrate, i.e., in
the Casamicciola area (Figure 1). In this framework, the cooling magma at a depth of 4 km
releases fluids which mainly expand laterally from the sill, because the rocks overlying
the sill include the impermeable ‘Green Tuff’: hydrothermally altered tuffs and lava flows
with sealed fractures [40]. These fluids feed the two hydrothermal reservoirs located at
about 1 km and 400 m depth [21] and upraise to the surface along the E-W striking fault of
the northern flank of Mt. Epomeo and, to a lesser extent, at the northern tip of the eastern
NNW-SSE striking, Mt. Epomeo bounding faults. The upraise and pressurization of these
fluids within the hydrothermal reservoirs may trigger seismicity, which, at least for the
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August Md 4 event, is very shallow (1.7 km depth) [25]. The above-reported conceptual
model is summarized in Figure 7.
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Our data show that the eastern sector of Ischia, where the volcanic activity <30 ka con-
centrated, is characterized by the lower values of subsidence and horizontal deformation,
this latter consistent with the above described centripetal arrangement (Figure 2). This
indicates that this sector of the island is ‘inactive’, at least from a deformation point of
view. Taking into account that only few hydrothermal manifestations and no earthquakes
characterizes the eastern sector, we suggest that (a) dynamic processes related to possible
magma or hydrothermal activity at depth are virtually lacking in this sector and (b) the
most active sector of the island is the western one, where the inferred source of deformation
has been identified and modeled, and where hydrothermal manifestations and earthquakes
concentrate. In this framework, the possible signs of reactivation of the Ischia magmatic
system are expected to include a decrease in the subsidence rate or an uplift, a centrifugal
pattern of the horizontal deformation, a deformation pattern of the eastern sector of the
island not compatible with a source located below Mt. Epomeo.

7. Conclusions

The main conclusions of this study may be summarized in the following points:

(a) Ischia is characterized by a 1997–2017 deformation pattern indicating subsidence and
contraction of its western sector.

(b) The observed pattern is consistent with a deflating and contracting sill-like source
located at 4 km depth. The sill is affected by cooling and degassing processes.

(c) The recorded deformations are not compatible with the seismicity of the island, which
is mainly associated with the dynamics of the hydrothermal system and not with that
of the deflating sill.

(d) A change in the rate of the recorded 1997–2017 deformation in the western sector of
the island and/or the occurrence of a deformation pattern compatible with a source
located in the eastern sector could be signs of the reactivation of the Ischia magmatic
system.

Our results provide evidence that the subsidence of resurgent calderas may be associ-
ated with the deflation of a residual magma reservoir and that a decoupling between the
dynamics of a magma reservoir, in this case, deflation, and of the overlying hydrothermal
system may occur. In addition, we highlight that in quiescent calderas, the seismicity may
not be related to the deformation pattern induced by magmatic processes.
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