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A B S T R A C T

Nested structures are a common feature of large calderas, but scientists often infer their existence only through 
indirect observations, as later eruptive deposits cover the ring-fault zones that bound the different collapsed 
blocks. The inherent structural complexity of caldera systems makes them challenging to investigate directly. The 
Island of Ischia (southern Italy) provides a unique opportunity to examine caldera-related structures, such as ring 
faults and dykes, because block resurgence has uplifted the caldera floor, exhuming its deepest rocks and 
structures. Due to the dramatic landslide that occurred in 2022 at Casamicciola, a series of previously unobserved 
dykes hosted in the Mt. Epomeo Green Tuff deposits (MEGT, 62-56.5 ka) were exposed, offering an extraordinary 
opportunity to study their geometries, intrusion mechanisms, and petrological significance in relation to the 
dynamics of caldera-forming eruptions. These dykes, located along the northern slope of Mt. Epomeo, situated in 
the central part of the island, exhibit various shapes, including ball-chained structures, ramp-flat geometries, and 
orthogonal strands. They are cm-thin and meters long, intruding in the pyroclastic deposits of the intermediate 
part of MEGT. A notable feature is the presence of a cataclastic shell that encases the cores, composed of frag
mented tuff and crystals within a glassy matrix. Petrological and geochemical analyses indicate that the dyke 
compositions are consistent with those of the Monte Epomeo Green Tuff (MEGT) eruption, thereby linking them 
to the last phase of the caldera-forming eruption.

Our findings unravel the connections between these dykes and the MEGT eruption, identifying this fault zone 
as a ring-fault zone of the MEGT caldera and, in turn, providing new insights into the nested caldera structure of 
Ischia Island and the role of the ring-fault zone during subsequent block resurgence. We propose a model for the 
origin of the dykes, involving localized volatile-poor injections approaching the surface from a larger feeder dyke 
that fed the MEGT eruption. These structures, together with the deformation structures identified in the marine 
deposits beneath the tuff sequence, provide compelling evidence that this area represents a segment of the MEGT 
caldera ring-fault zone formed during the caldera-forming eruption, and that caldera block-resurgence has been 
accommodated by the inversion of this ring-fault zone.

1. Introduction

Volcanic calderas are structural depressions formed by the with
drawal of a magma chamber and roof collapse following large explosive 
or effusive eruptions (e.g., Gudmundsson, 1988; Cole et al., 2005; Martí 

et al., 2008;Walker, 1984; Kennedy et al., 2018; Cas et al., 2024). Field 
investigations, analogue and numerical modelling, suggest that caldera 
depressions are bounded by inward-dipping (normal faults) or 
outward-dipping (reverse faults), which are called ring-faults. Field in
vestigations, as well as analogue and numerical simulations indicate that 
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ring-fault formation is favoured by a stress concentration above the side 
edges of the shallow magma chamber, implying the occurrence of a 
precursory minor ‘doming’ from the larger underlying source reservoir 
(Gudmundsson, 2007, 2016).

Frequently, large calderas show multiple structural depressions that 
intersect and/or overlap (e.g., Martí and Gudmundsson, 2000). These 
intricate volcano-tectonic features, known as “nested” calderas, often 
originate from a series of high-magnitude explosive eruptions, each 
contributing to the complex structure (e.g., Cole et al., 2005; Geyer and 
Martí, 2009). One example is the Campi Flegrei caldera, 12 km in 
diameter, consisting of at least three main nested rims (Natale et al., 
2022, 2024a), formed following the eruption of the Campanian Ignim
brite (39 ka) and reactivated with the Neapolitan Yellow Tuff eruption 
(15 ka). Another example is the Rabaul caldera in New Britain (Papua 
New Guinea), which comprises a 14 × 8 km nested caldera formed 

approximately 200 ka by a series of ignimbrite eruptions that emplaced 
large volumes of tephra (McKee and Duncan, 2016). Our study focuses 
on another nested caldera, Ischia Island (southern Italy), which also 
features complex block-resurgence. In this work we conducted a multi
disciplinary investigation of a portion of the Island of Ischia, which is 
dominated by a large caldera infilled with the Monte Epomeo Green Tuff 
sequence (MEGT; 62–56.5 ka) and subsequent volcanic deposits inter
layered with marine and continental sediments.

We integrate structural and petrological data on magmatic dykes 
intruding the MEGT deposits on the northern slope of the resurgent 
block (Mt. Epomeo) in the central area of the island (Fig. 1). The aim of 
this work is to characterise these dykes in terms of geometries, 
emplacement mechanisms and to understand the petrological link to 
caldera-forming eruptions in the framework of the overall caldera evo
lution. In particular, we aim to investigate the relationships between 

Fig. 1. (a) Schematic geological map of Ischia Island (modified after Vitale et al., 2025); (b) stratigraphic log; (c) Simplified geological cross-section of the Ischia 
Island (modified after Vitale et al., 2025). MEGT: Monte Epomeo Green Tuff. (For interpretation of the references to colour in this figure legend, the reader is referred 
to the Web version of this article.)
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these structural elements and the MEGT eruption, thereby providing 
additional evidence for a nested caldera structure and the reactivation of 
its ring-fault zone during the block resurgence.

2. Geological setting

The Quaternary tectonic history of the Tyrrhenian margin of the 
southern Apennine orogenic chain in southern Italy (Campania region) 
is characterised by extensional events that have formed coastal plains, 
such as the Garigliano Graben and the Campanian Plain (Fig. 1a; e.g., 
Ciarcia and Vitale, 2025). Closely related to these tectonic events, 
volcanism occurred, forming the Roccamonfina volcano in the north (e. 
g., Natale et al., 2023, 2026 and references therein), the Ischia Island (e. 
g., Sbrana et al., 2020; and references therein), the Campi Flegrei 
caldera (Orsi, 2022 and references therein) and the Somma-Vesuvius 
volcano (Guarino et al., 2024 and references therein) to the south. 
Roccamonfina and Somma-Vesuvius are both defined by a central vol
cano structure and a summit caldera, whereas large caldera volcanic 
fields characterise Ischia Island and Campi Flegrei.

The caldera of Ischia Island (de Vita et al., 2010; Sbrana et al., 2009, 
2020; Vezzoli et al., 2009) is characterised by an elliptical shape, with an 
external rim of 9.0 x 6.4 km. Outside the rim, the oldest rocks, with ages 
ranging from 147 to 73 ka, are exposed; in contrast, the caldera is filled 
by the Monte Epomeo Green Tuff sequence (MEGT; 62-56.5 ka), with a 
resurgent block broadly in the centre (Mt. Epomeo; Fig. 1a), and 
younger volcanic deposits, interspersed with marine and continental 
sediments.

In particular, the oldest rocks within the caldera are marine/ 

lacustrine deposits of the Cava Celario unit (ECV; ISPRA, 2018; Vitale 
et al., 2025), which underlie the thick pyroclastic succession of the 
MEGT sequence (Fig. 1c), with an age spanning between 62 and 56.5 ka 
(ISPRA, 2018; Sbrana et al., 2018). The latter succession consists of three 
units: Pizzone Tuff (PZE), Frassitelli Tuff (TFS), and Monte Epomeo Tuff 
(TME). In the central part of the caldera, these rocks are covered by 
post-caldera marine to continental deposits of Buceto Syntheme (UCE; 
Fig. 1). Synchronously with marine deposition, the central sector of the 
caldera underwent uplift, and, starting at 43 ka, the Mt. Epomeo block 
resurgence occurred, alternating between uplift and subsidence phases 
over time (Carlino, 2012, 2022; Vitale et al., 2025). During subsidence 
periods, volcanism occurred around the resurgent block (Acocella and 
Funiciello, 1999; Carlino, 2012, 2022). Furthermore, the uplift triggered 
several debris flows and avalanches along the mountain slopes, travel
ling for tens of kilometres underwater as turbidite currents (de Della 
Seta et al., 2012; Sbrana et al., 2018). The Arso lava flow was the last 
eruption to occur in historical times (1302 CE; Iovine et al., 2017). In 
recent years, Ischia has been affected by shallow seismicity, including 
the August 21, 2017 earthquake (Mw 4.0 ± 0.3), which caused extensive 
damage and fatalities in the town of Casamicciola (e.g., De Novellis 
et al., 2018). This seismicity is associated with hydrothermal activity 
and the subsidence of Mt. Epomeo (Manzo et al., 2006; Galvani et al., 
2021), which has activated faults on the northern slope of the resurgent 
block (Silva-Fragoso et al., 2024).

Recently, Vitale et al. (2025) investigated the deformation structures 
hosted in the marine deposits underlying the MEGT sequence, suggest
ing a close relationship between these structures and the formation of 
the MEGT caldera. According to these authors, the area was the location 

Fig. 2. (a) Geological map of the Cava Celario (UTM projection, WGS84 33N); (b) NE-SW oriented geological cross-section. The thicknesses of dykes were 
exaggerated.
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of a major ring-fault zone exhibiting a nested caldera geometry, with a 
depocenter in the southwest sector of the ancient caldera (pre-MEGT). 
The Authors also hypothesised that ring-faults were subsequently reac
tivated and inverted, accommodating the uplift of the Mt. Epomeo 
block, located in the centre of the island.

3. Materials and methods

We analysed the Cava Celario engraving located along the northern 
slope of Mt. Epomeo (Fig. 2). This area was exposed following the dra
matic landslide on November 26, 2022, triggered by several days of 
intense rainfall (Romeo et al., 2023), which caused 12 fatalities. We 
performed stratigraphic and structural surveys, collecting measure
ments of attitudes of dyke boundaries, faults and fractures. The mapping 
of the area was performed using the Qfield app on “Tablet A″ Samsung 
tablet. The final map was created using the free QGIS software.

3.1. Field and drone structural data

We measured the plane attitudes of faults, fractures and dyke 
boundaries. Occasionally, faults exhibit kinematic indicators, such as 
slickenside striations and fibres. Kinematics was evaluated, where 
possible, using slickensides or Riedel shears. Structural data were ana
lysed using the free software TectonicsFP (https://github.com/freiter/ 
TectonicsFP). Structural data are presented in stereographic pro
jections and rose diagrams.

To analyze the spatial distribution of dykes and the main deforma
tion structures and to overcome the limitations posed by articulated 
topography, we conducted an Unmanned Aerial Vehicle (UAV) survey in 
March 2023. We provided a high-resolution Virtual Outcrop Model, 
collecting ~550 photographs with a DJI Mavic Air 2 mounting a stabi
lised 0.5” CMOS 12 MP sensor and a 24 mm-equivalent focal length and 
a 4:3 aspect ratio in its best acquisition mode which has consistently 
provided excellent results in previous applications (e.g., Diamanti et al., 
2022; Natale et al., 2024a, 2026). The orthomosaic has a maximum 
resolution of approximately 1 cm/pixel.

To perform petrographic analysis, we collected several representa
tive samples from the dykes, from which 10 thin sections were prepared 
using standard techniques. Petrographic observations were made in 
plane-polarised and cross-polarised light using a Nikon Eclipse e200 
microscope, and microphotographs were taken with a Zeiss Axiocam 
2008 color camera connected to the microscope.

3.2. X-ray fluorescence data

Samples were also analysed to gather geochemical data. Small chips 
from the samples were cleaned in an ultrasonic bath and ground to a 
grain size of less than 75 μm using a Retsch PM-100 planetary mill with 
agate grinding balls at the Department of Earth, Environment and 
Resource Sciences (DiSTAR, University of Naples Federico II). Four 
grams of rock powder were used to prepare pressed powder pellets. The 
powder, mixed with 1 ml of Polyvinyl alcohol solution, was pressed at 
20 tons for 20 s. The bulk-rock compositional data were determined 
using pressed powder pellets with an Axios Panalytical X-ray fluores
cence (XRF) spectrometer, equipped with six analyser crystals, three 
primary collimators, and two detectors (flow counter and scintillator), 
operating at different kV and mA settings for each analyte. Analytical 
uncertainties are in the order of 1–2% for major elements and 5–10% for 
trace elements. Further details are reported in Cucciniello et al. (2023).

3.3. Scanning electron microscopy data

Approximately 300 mineral and glass compositions (Supplementary 
Table S1) were obtained at the DiSTAR by an Oxford Instruments 
Microanalysis Unit and a JEOL JSM-5310 Energy Dispersive Spectrom
etry (EDS) microscope (operating at 15 kV primary beam voltage, 50- 

100 μA filament current, 20 mm working distance and 50s net acquisi
tion time). The following standards were used for calibration: diopside 
(Mg), wollastonite (Ca), anorthoclase (Al, Si), albite (Na), rutile (Ti), 
almandine (Fe), Cr2O3 (Cr), rhodonite (Mn), orthoclase (K), apatite (P), 
fluorite (F), barite (Ba), strontianite (Sr), Smithsonian orthophosphates 
(REE, Y), pure niobium (Nb), pure vanadium (V), pure nickel (Ni), 
zircon (Zr, Hf), Corning glass (Th and U), sphalerite (S), sodium chloride 
(Cl). Backscattered electron (BSE) images were obtained with the same 
instrument. The measured and certified analyses of international stan
dards for the SEM-EDS analyses are reported in the Supplementary 
Table.

3.4. Electron probe micro-analyser analysis

Major element compositions on the samples were determined by an 
electron probe micro-analyser (EPMA) JEOL JXA-8200 equipped with 
five wavelength dispersive spectrometers (WDS) and installed at the 
High-Pressure High Temperature (HPHT) Laboratory of Experimental 
Volcanology and Geophysics of the Istituto Nazionale di Geofisica e 
Vulcanologia (INGV, Rome, Italy). Analyses were performed on carbon- 
coated thin sections under high-vacuum conditions using an acceler
ating voltage of 15 kV, an electron beam current of 7.5 nA, and a beam 
diameter of 2.5 μm. Elemental counting times were 10 s on the peak and 
5 s on each of two background positions, except for chromium, which 
was measured for 20 s on the peak and 10 s on each background posi
tion. Corrections for inter-elemental effects were made using a ZAF (Z: 
atomic number; A: absorption; F: fluorescence) procedure. Calibration 
used a range of standards from Micro-Analysis Consultants (MAC; 
http://www.macstandards.co.uk): albite (Si-PET, Al-TAP, Na-TAP), 
forsterite (Mg-TAP), augite (Fe-LIF), apatite (Ca-PET), orthoclase (K- 
PET), rutile (Ti-PET), rhodonite (Mn-LIF) and JEOL Cr metal (Cr-PET). 
MINERAL from the MAC standards was used as the quality-monitoring 
standard and for calculating accuracy and precision. Accuracy was 
better than 1-5% except for elements with abundances below 1 wt%, for 
which accuracy was better than 5-10%; the precision was typically 
better than 1-5% for all analysed elements (Di Fiore et al., 2021; Mollo 
et al., 2024).

3.5. Estimation of intensive parameters

Temperature conditions of crystallisation of the dykes were deter
mined based on plagioclase-alkali feldspar and alkali feldspar-liquid 
equilibria using the method of Putirka (2008). Water contents in the 
dykes were estimated using the K-feldspar–liquid hygrometer developed 
by Mollo et al. (2015) and the plagioclase-liquid hygrometer developed 
by Masotta and Mollo (2019). Pressure estimates were derived from the 
clinopyroxene composition of Nimis (1999).

4. Results

4.1. Geological map, cross-section and VOM

Fig. 2a shows the geological map of the Cava Celario, realised in 
April-July 2023. The general stratigraphic architecture is characterised 
by the superposition of the MEGT pyroclastic succession, composed of 
PZE, TFS, and TME units, onto the ECV deposits. The entire succession is, 
in turn, covered by debris flow deposits of Gran Sentinella (GST) and, 
finally, by recent landslide and colluvial sediments. The structure of the 
northern slope of Mt. Epomeo consists of a homoclinal dipping to the 
south of 20-30◦ (Fig. 2b). The marine-continental succession is cut by 
high-angle faults, mostly dipping to the north and with dominant normal 
kinematics and displacements from a few centimetres to some meters. 
We reconstructed a VOM of the northern sector of the Cava Celario and 
extracted the orthomosaic shown in Fig. 3a. One of the areas with a high 
concentration of dyke is shown in the zoomed orthomosaics (Fig. 3b and 
c), where some dyke segments are present. We extracted the azimuths of 
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the dyke and fracture lineaments from the zoomed area. To obtain a 
weighted statistical distribution of dykes and fractures, we divided them 
into equal-length segments. Fractures and fault lineaments were selected 
near the dykes. The rose diagrams of dykes (Fig. 3d) indicate a dominant 
NE-SW strike similar to the secondary direction of fractures and faults 
(Fig. 3e) that are dominated by a NNW-SSE direction.

4.2. Mesoscale structures

4.2.1. Dykes
We analysed in detail site 3 (Fig. 2), characterised by a large expo

sure of the Frassitelli Tuff (TFS) and hosting some magmatic dyke seg
ments. The host rock is characterised by weak layering (Fig. 4a–c, h, i). 
Dykes are frequently formed by single lens-shaped structures with a dark 
core composed of perlitized obsidian and a reddish halo (Fig. 4a–f) 
consisting of cataclasite with a glassy matrix. In other cases, dykes show 
a ramp-flat geometry, with flats parallel and ramps orthogonal to the tuff 
layering (Fig. 4b). Lens-shaped dykes generally form parallel sets 

(Fig. 4c). The dyke margin shape is irregular, and some dykes show 
tubular apophyses (Fig. 4g). Frequently dykes display a ball-chained 
structure made by larger segments connected by thinner strands 
(Fig. 4e). The dyke tips are rounded (blunt tips) as well as the cataclastic 
zones (Fig. 4d). The thicknesses of the dykes and cataclastic zone are 
normally lesser than 20 cm and 5 cm, respectively. We measured the 
thickness variation for three lens-shaped dykes (Fig. 5a–c). Results 
indicate that the thicknesses of dyke cores and cataclastic zones vary, 
showing a flatted shape with some highs and lows corresponding to 
enlargements and narrowing. Finally, we measured the attitudes of the 
dyke boundaries. The stereographic projection (Fig. 5d) indicates that 
the dykes are frequently subvertical and form three major sets. This is 
highlighted by the rose diagram (Fig. 6e), marking a major ENE-WSW/ 
E-W set and a secondary N-S set.

4.2.2. Faults and fractures
In the Cava Celario area (Fig. 2a), several main and secondary faults 

are exposed, generally characterised by E-W and NW-SE directions with 

Fig. 3. (a) VOM of the upper part of Cava Celario (UTM projection, WGS84 33N); (b) Zoomed area showing the analysed fracture, faults and dyke lineaments; (c) 
Close-up view of some dykes. Rose-diagrams of (d) dykes and (e) fractures and faults.
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dominant normal kinematics and secondarily by ca. N-S faults. Near the 
dykes (site 3), several nearly vertical normal faults are exposed, cross
cutting the TFS, whose displacement is marked by dislocated green tuff 
fiamme (Fig. 6a). At lower topographic elevations, a WNW-ESE-directed 
fault, crosscutting the PZE, is associated with intense hydrothermal 
mineralisation along the fault plane (Fig. 6b and c). This fault, charac
terised by ca. 10 m of displacement, exhibits a dominant normal kine
matics based on stratigraphic evidence. Fractures in site 3 indicate E-W, 
ENE-WSW, NW-SE, and N-S preferred directions (see the stereographic 

projection in Fig. 6b). Again, within PZE, an NW-SE fault dipping to SW 
(Fig. 6d) shows striations and steps indicating oblique kinematics with 
normal and right-lateral components. Additionally, NNE-SSW-directed, 
left-lateral reverse faults are present in PZE (Fig. 6e) and exhibit stria
tions and steps. E-W/WNW-ESE-striking normal faults are also present 
(site 2; Fig. 6f), dislocating the stratigraphic transition between PZE and 
the underlying marine sediments (ECV). Finally, in site 1, E-W-striking 
faults are cut by a NW-SE-directed fault. This structure is almost vertical, 
with approximately 1 m of displacement within the ECV, resulting in a 

Fig. 4. Pictures of mesoscale exposure of the dyke swarm: (a) lens of a dyke segment with a maximum thickness of 18 cm formed by a core surrounded by a 
cataclastic envelope; (b) ramp-flat geometry; (c) lenses of dyke segments; (d) zoomed dyke tip; (e) thin apophysis branching from a ball structure; (f) close-up view of 
a dyke segment boundary; (g) circular section of a thin apophysis; (h) vertical dyke with a thickness increase in the centre (ball-chained structure); (i) 2 m long 
vertical dyke; (j) segmented dyke; (k) ameboid-shaped dyke.
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lowering of the NE sector. However, the fault plane shows segments 
dipping to the NE and to the SW, with reverse and normal kinematics, 
respectively.

4.3. Dyke structure

To examine the internal structure of the dyke and its contact with the 
host tuff, we collected a representative sample and prepared a polished 
slab (Fig. 7a). The whole structure consist in three homogeneous parts: 
(1) a dark central part (dyke core) composed of hydrated glass with a 
perlite structure that has a thickness of 2-3 cm with relicts of pheno
crysts, (2) a cataclastic zone surrounding the dyke with a patchy pattern 
with a thickness of 1-2 cm and (3) the host rock corresponding to a 
yellow tuff (TFS) with a brown alteration at the boundary with the 
cataclastic zone.

4.3.1. Dyke core
The analysed thin sections of the central part of the dyke (core) show 

a homogeneous perlite structure. It consists of spheroids and ellipsoids 
of glass embedded by an intricate array of major anastomosing and 
crosscutting cracks and minor concentric fractures enveloping the 
spheric grains (Fig. 8a and b). The largest grains have a diameter of 2 
mm. However, most of them are less than 1 mm in diameter. Some 
phenocrysts of sanidine and mica are present (Fig. 8a). The back
scattered electron images show that the dyke core exhibits a patchy 
pattern, with some parts of the glass completely transformed, hydrated, 
and perlitized, characterised by circular and shaded boundaries (Fig. 8c 
and d). Sanidine and mica crystals always show fractures.

4.3.2. Cataclastic zone
The cataclastic zone forms a shell around the dyke core. It comprises 

fragments of sanidine, clinopyroxene, and mica crystals, embedded in a 
glassy matrix (Fig. 7b–d, 8e-h). Generally, sanidine fragments show a 
preferred orientation parallel to the dyke boundaries (Fig. 7b–d), 
depicting a fluidal fabric. At the transition with the perlitized dyke, the 
structure is defined by phenocrysts embedded in hydrated glass, which 
in turn is enveloped by glass with a perlite structure (Fig. 8c and d). The 
hydrated glass, in contact with the phenocrysts, forms cuspid and lobe- 
shaped laminations (Fig. 8e and f). The general texture resembles cat
aclasite, with large crystals crushed (Fig. 7b and 8g) and layers of fine 
cataclasite (Fig. 7b, c, 8h) showing rounded clasts.

4.3.3. Host rock
The host rock is a massive lapilli tuff with large crystals of sanidine, 

mica, and clinopyroxene (Fig. 7b–d) embedded in a lithified coarse ash 
and lapilli matrix. The boundary between the host rock and the cata
clastic zone is irregular rather than sharp. The tuff close to the cata
clastic zone shows an altered halo characterised by a darker colour 
compared to the unaltered tuff.

4.4. Classification and petrography

The dykes are vitrophyric, with phenocrysts and microphenocrysts of 
sanidine, plagioclase, clinopyroxene, mica, opaque oxides, and apatite 
microlites, set in a vitreous matrix with perlitic cracks. Sanidine phe
nocrysts have a wide range of compositions (Or53-92). The concentra
tions of Sr and Ba in the sanidine are low (Supplementary Table S1), 
consistent with the low Sr and Ba levels in the host rocks (MEGT). 
Plagioclase phenocrysts and microphenocrysts range from bytownite to 
andesine (An36-83). The feldspar analyses extend well beyond the range 
of the analysed feldspars in the MEGT rocks (D'Antonio et al., 2021, 
Fig. 9a). Clinopyroxene is diopside (Ca47-49Mg34-40Fe13-18; Mg# =
66-76, where Mg# = Mg*100/(Mg + Fet)). TiO2 and Al2O3 are generally 
low (Supplementary Table S1). Clinopyroxene compositions plot 
(Fig. 9b) within the field defined by Mg-rich clinopyroxenes of MEGT 
(D'Antonio et al., 2021) and other Ischia rocks (Melluso et al., 2014). 
Opaque oxides are titaniferous magnetites. The chemical composition of 
titaniferous magnetite is broadly constant in the dykes (ulvöspinel 
component = 20-22 mol%). Mica is a Mg-rich (MgO = 13.96-16.27 wt 
%) phlogopite with a TiO2 content rather constant (5-5.74 wt%). Apatite 
typically occurs as microlites in the groundmass or as inclusions in the 
feldspar or clinopyroxene grains. It has high F (1.70-2.60 wt%) and low 
light rare earth element (LREE) concentrations.

4.5. Geochemistry

Major and trace element compositions of the dyke cores are reported 
in the Supplementary Table S1. Hand specimen and petrographic ob
servations indicate an alteration of the dykes, showing that late or post- 
crystallisation fluid-rock interactions may have modified their compo
sitions. We, therefore, did not use whole-rock major element data but 
only alteration-resistant elements (e.g., Ti, Zr, Nb, Y) and their ratios for 
geochemistry-based modelling and interpretation.

Based on petrography, chemical classification (total alkali silica, 

Fig. 5. Thickness of perlitized dykes and alteration halo (a) dyke1 in Fig. 4a; (b) dyke2 in Fig. 4c; (c) dyke3 in Fig. 4c. (d) Stereographic projections (lower 
hemisphere, Schmidt net) and (d) rose-diagrams of direction and dip angle of dyke margins.
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TAS, Le Maitre, 2002, Fig. 9c; K2O vs SiO2, Peccerillo and Taylor, 1976, 
Fig. 9d) and CIPW norms, the dykes (whole rocks and glasses) are 
classified as trachytes and trachyphonolites. Several samples of glasses 
reach full peralkaline conditions [P.I., peralkaline index, molar (Na +
K)/Al > 1]. The glasses are chemically uniform with SiO2 in the range 
61.10-63.17 wt%, TiO2 0.36-0.58 wt%, Al2O3 18.31-19.11 wt%, FeOt 
2.15-4.12 wt%. All samples contain low MgO contents (0.24-0.55 wt%). 
The alteration-resistant trace elements (in the whole-rock) also have 
narrow ranges of concentration (e.g., Zr = 242-323 ppm, Nb = 33-43 

ppm, Y = 32-47 ppm) and ratios of concentrations (e.g., Zr/Nb = 7-9, 
Y/Nb = 0.8-1.3). These element values and ratios are consistent with 
those of MEGT (Brown et al., 2008, 2014) and other volcanic products 
from Ischia (Melluso et al., 2014; Casalini et al., 2017, and references 
therein).

4.6. Crystallisation temperature and water content estimations

The estimated crystallisation temperature using the alkali felspar- 

Fig. 6. Examples of mesoscale faults along the Cava Celario engraving. (a) High-angle normal fault in TFS (site 3) and stereographic projection of fault plane; (b, c) 
Main E-W normal fault in PZE (site 3) and stereographic projection of fracture planes in the site; (d) NW-SE oblique fault showing striations (site 3) and stereographic 
projection of fault plane with slip vectors; (e) NNE-SSW left-lateral fault with striations and steps (site 3), and stereographic projection of fault plane with slip vectors; 
(f) E-W normal faults dipping northward with minor displacement at the passage between PZE and ECV (site 2); (g) Sub-vertical main dip-slip fault with metric 
displacement (site 1) and stereographic projection of fault planes.
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liquid equilibria and plagioclase-alkali feldspar equilibria (see methods) 
is 889 ± 47 ◦C. The negative values of the clinopyroxene barometer and 
the low or absent VIAl (Supplementary Table S1) in the clinopyroxenes 
suggest low crystallisation pressures. The water content in the perlitized 
dykes is approximately 5 wt%. (see methods).

5. Discussion

5.1. Mesoscale structures

The stereographic projection of dyke boundaries (Fig. 5d and e) in
dicates that they are predominantly steeply dipping, with some seg
ments showing gentle dips. Dyke strands show a main preferred 
direction of about ENE-WSW and secondary directions of E-W and N-S. 
The ENE-WSW direction is well-fit with the dominant lineament direc
tion of the dyke and secondary direction of fracture mapped on the VOM 
(Fig. 3d and e). The dominant NNW-SSE of fracture and fault lineaments 
is associated with the major NNW-SSE-directed structures that crosscut 

the whole outcrop (Fig. 3b and c). According to field observations (e.g., 
Greiner et al., 2023) and numerical models (e.g., Gudmundsson, 2022), 
fluid-driven fractures may follow pre-existing faults or fractures along 
their paths, particularly when these structures are steeply dipping and 
have negligible tensile strength. It follows that we can suppose that the 
magma intruded along pre-existing faults and fractures, which likely 
formed during the initial stages of caldera formation.

Furthermore, the evidence that some dykes are formed by different 
vertical straight segments that are also orthogonal between them 
strengthens the idea that some dykes used pre-existing vertical fractures 
that generally form orthogonal sets (e.g., Caputo, 1995, Fig. 11a). It 
follows that the host rock (Frassitelli Tuff) was lithified when the dykes 
intruded. Accordingly, the presence of cataclasite surrounding the dyke 
core indicates that the host tuff deformed under brittle conditions.

The lens geometry of several dyke segments along a vertical section 
indicates that the magma flow was both vertical and horizontal (e.g., 
Allgood et al., 2025). The coexistence of horizontal and vertical flow, 
frequently observed in volcanic environments (e.g., Allgood et al., 2025; 

Fig. 7. (a) Slab of a dyke hosted in the TFS; (b-d) microphotographs of the transition from the host rock to the cataclastic zone and the perlitized dyke.
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Hobé et al., 2025), reflects magma propagation with combined vertical 
and lateral components. This feature is common when magma is 
approaching the ground surface (e.g., Tramparulo et al., 2018), where 
the principal (lithostatic) stress σ1 is very low and nearly vertical, a 
feature consistent with caldera collapse formation (e.g., Diamanti et al., 
2022; Natale et al., 2024a,b).

The presence of ball-chained dykes (Fig. 11a) can be attributed to a 
different causes, including: (i) dyke interaction with rocks with different 
strengths/stiffness (Gudmundsson, 1984); (ii) in the intersection be
tween dyke and faults (Galindo and Gudmundsson, 2012); (iii) localized 
differences in dyke overpressure, for example, if magma pressure os
cillates (e.g., due to supply pulses or viscosity contrasts), the intrusion 

Fig. 8. (a, b) Perlite structure (perlitized dyke) as observed under optical microscope; (c, d) Perlitized dyke as observed under Scanning Electron Microscopy; (e, f) 
Transition between perlitized dyke and cataclastic zone (optical microscope); (g) Crushed feldspar and clinopyroxene crystals (optical microscope); (h) Fine cata
clasite (optical microscope).
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may inflate episodically, creating discrete magma batches along the 
same fracture. However, the ball-chained geometry, combined with the 
presence of dykes with ramp-flat (Fig. 11b) or ameboid geometries, 
suggests that sub-horizontal planar anisotropies in the host rock, such as 
the tuff layering, and pre-existing fractures and faults, have played a 
significant role in their formation.

In general, mechanical layering can strongly affect the dyke-path 
geometry and the conditions for dyke-path arrest. It depends on the 
properties of the host rock, including lithology, texture, and physical 
properties such as stiffness (Gudmundsson, 2020, 2022). However, in 
the case of the studied dykes, the tuff is lithologically homogeneous, 
characterized by a discontinuous layering. In such a scenario, only 
locally is the layering capable of deviating the dyke trajectories or of 
forming ball-chained structures.

The exposed dykes are hosted in TFS rather than in the overlying 
TME, implying they formed during the first phases of the TME eruption, 
possibly as part of a precursory ring-dyke injection episode preceding 
caldera collapse. This is strengthened by the occurrence that some dykes 
are dismembered, likely due to the last phase of the caldera formation 
synchronous with the TME eruptive event (56.5 ka).

The structural survey of faults and fractures reveals a diverse range of 
structures, including high-angle normal and reverse faults with E-W and 
NW-SE directions, with the latter structures crosscutting the former. 
Faults show displacements varying from a few centimetres to tens of 

meters. A few strike-slip faults are present, which can be explained as 
transfer structures between fault strands rather than regional tectonic 
faults, similarly to faults occurring along radial planes in the Somma- 
Vesuvius volcano associated with the summit caldera formation 
(Tramparulo et al., 2018), or oblique to strike-slip transfer faults con
necting overlapping caldera segments (Natale et al., 2024a), or as 
observed in analogue model experiments on caldera subsidence (Hol
ohan et al., 2013).

Considering the similarity of directions for the faults formed during 
the caldera collapse (Vitale et al., 2025) and the faults now bounding the 
resurgent block, it is reasonable to assume that these structures have 
been reactivated and inverted during the block resurgence following the 
MEGT eruption.

5.2. Dyke structure and dyke-related cataclasis mechanisms

The analysed dykes exhibit an obsidian core with a perlite structure, 
surrounded by a cataclastic shell. The perlite structure is defined by an 
array of glass with varying degrees of hydration (Davis and McPhie, 
1996; Cas et al., 2024), which creates spheroids and ellipsoids bounded 
by concentric fractures. These structures (perlitic cracks) are common in 
pitchstones and vitrophyres (e.g., Hatch et al., 1983), as well as in py
roclastic deposits (Stewart and McPhie, 2006). When the dyke cools, 
thermal stresses form concave joints that serve as preferred paths for 

Fig. 9. Perlitized dyke composition: (a) feldspar compositions, small circles are literature data (D'Antonio et al., 2021; Melluso et al., 2014); (b) pyroxene com
positions in the Ca–Mg–Fe quadrilateral, small circles are literature data (D'Antonio et al., 2021; Melluso et al., 2014); (c) total Alkali vs. SiO2 (TAS; Le Maitre, 2002) 
and (d) K2O vs. SiO2 (Peccerillo and Taylor, 1976) classification diagrams, literature data sources: Casalini et al., (2017) and references therein; Melluso et al., 
(2014); Brown et al. (2008, 2014). (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)
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fluid migration, allowing water to flow through the glass and trigger the 
hydration process, thereby forming a perlite structure (von Aulock et al., 
2013). The different hydration within the concentric pattern produces 
distinct stages of perlite crack formation, with some residual 
non-hydrated obsidian remaining in the core of the kernel. The textural 
effects of glass hydration depend on both cooling rate and the temper
ature at which hydration begins (Keller and Pickett, 1954), and the 
formation of perlite cracks depends on both rapid cooling and hydration 
(Davis and McPhie, 1996). Rapidly cooled glass subjected to 
low-temperature hydration undergoes structural rearrangement, lead
ing to contraction and perlitic fracturing. These features are consistent 
with the formation of glass dykes near the surface, in a host rock that is 
already lithified and much colder than the intruded magma.

Generally, magmatic dykes are defined by a variety of boundaries, 
depending on the physical and rheological properties of the magma and 
host rock (e.g., chemical composition, viscosity, temperature, and 
stiffness; Geshi et al., 2010; Daniels et al., 2012). Examples of cataclasite 
associated with dykes intruded in a sedimentary succession, such as a 
calcareous succession (e.g., Natale et al., 2023). In the case of Ischia 
Island, the host rock is a tuff characterised by a high porosity (20-49%, 
Heap et al., 2020), which favours the formation of an irregular boundary 
between the magma and the tuff. Considering that (i) the magma close to 
the tuff boundaries undergoes stress shear due to the magma flow and 
(ii) the shear and tensile strength of tuff are very low (3-4 MPa and 2-4 
MPa, respectively; Heap et al., 2021), cataclasis processes can activate 
along the dyke boundaries. Furthermore, the high thermal gradient 
between the trachytic magma and the lithified host rock, as previously 
discussed, and the rapid decrease in magma temperature along the 
boundaries, favour an increase in viscosity and the development of 
brittle-ductile deformation mechanisms. As magma begins to solidify 
and becomes less able to flow, stress builds up until it is released through 
sudden, brittle failures, such as shear fracturing. The result is a cata
clasite in a glassy matrix. In summary, Fig. 11c–g illustrate the con
ceptual model leading to the formation of a cataclastic zone around the 
perlitized dyke. First, the magma intrudes within the tuff, characterised 
by an irregular boundary (Fig. 11c); subsequently, the flowing magma 
produces drag stress along the boundary, generating a shear zone be
tween tuff and magma, causing cataclasis (Fig. 11d) and comminution 
(Fig. 11e), and finally solidification (Fig. 11f) and hydration (Fig. 11g) 
with formation of a perlite structure.

5.3. Petrology

All the analysed dykes exhibit the same mineral assemblage, com
parable phenocryst abundance, and equivalent phenocryst, microlite, 
and groundmass glass compositions. Their major and trace elements 
whole rock are also similar, indicating that the magma feeding the dykes 
was chemically homogeneous. The mineralogical assemblage and 
geochemical characteristics (major and trace elements) closely resemble 
those of the MEGT (Brown et al., 2008, 2014; D'Antonio et al., 2021) and 
other Ischia rocks (Melluso et al., 2014; Casalini et al., 2017 and refer
ences therein). The dykes described in this study are remarkably similar 
in textural, mineral assemblage and chemical composition to the sam
ples 0318 (C1 to C7) of Brown et al. (2008, 2014) and D'Antonio et al. 
(2021), located at Pietra Martone on the west side of Mt. Epomeo 
(Fig. 12; personal communication Richard Brown; Brown et al., 2008), 
in a Flow-Unit 2 of the MEGT (the upper intracaldera ignimbrite). This 
finding is important because it indicates the occurrence of other juvenile 
obsidian, which we interpreted as dykes, in other locations along the W 
slope of Mt. Epomeo, and hence supports the interpretation that dykes 
are not only local magmatic intrusions but are also broadly dispersed 
along the ring faults bounding the resurgent block. Calcic plagioclase 
(An82-83), Mg-rich clinopyroxene, and mica phenocrysts identified in the 
perlitized dyke represent cumulus crystals that were initially separated 
from the parental mafic melts and subsequently entrained by the 
ascending trachytic residual magma. These features support an origin of 

the studied dyke magma through advanced fractional crystallisation of 
mafic magmas. The absence of olivine in the mineralogical assemblages 
of the perlitized dykes suggests that the parental mafic melt had rela
tively evolved. The glass compositions of the studied dykes plot near the 
trachytic minimum melt (Fig. 10) at a PH2O of 100 MPa (Hamilton and 
MacKenzie, 1965). The distribution of Ischia and Campi Flegrei rocks in 
the Petrogeny Residua system (Fig. 10) indicates independent crystal
lisation paths of magmas of different compositions.

5.4. Insights into nested caldera structure

According to Vitale et al. (2025), highly deformed ECV deposits at 
the base of the MEGT, exposed in the study area, indicate deformation 
associated with caldera collapse. Moreover, the variable thickness of 
TFS and TME deposits within the caldera (Fig. 1c), with a maximum in 
the SW sector of the island, suggests that the latter area was likely the 
depocenter of the nested caldera (Vitale et al., 2025). Furthermore, the 
Campomanno and Colle Jetto marine sediments, included in the Buceto 
Syntheme (UCE, Sbrana et al., 2018), and deposited after the MEGT 
eruption, are confined in the central sector, as reconstructed by Barra 
et al. (1993), corroborating the occurrence of a nested caldera structure 
(Fig. 12). Hence, integrating these observations (Vitale et al., 2025) with 
the novel findings of the present work, we can identify the northern 
slope of Mt. Epomeo as the location of a ring-fault zone associated with 
the caldera collapse in the SW sector of the ancient caldera.

Other evidence that strengthens this interpretation is the presence of 
scoriae and lava lithics within Frassitelli Tuff (ISPRA, 2018) along the 
northern slope of Mt. Epomeo, and in the Falanga area (Fig. 12). These 
lithic units belong to the base of the TME, which includes welded scoriae 
and lithic-rich breccia (Brown et al., 2014; ISPRA, 2018), implying that 
the area was close to the ignimbrite-erupting vent. Accordingly, our 
study reported for the first time dykes associated with the nested caldera 
formation synchronous with the MEGT eruption, such as the petro
graphic and geochemical analyses illustrated. This indicates that the 
northern border of the resurgent block was a preferred pathway for 
upward magma migration at depth, likely along a ring-fault zone. We 

Fig. 10. Petrogeny's Residua System (Hamilton and MacKenzie, 1965) with 
trachytic glasses of this study. The blue shaded area represents all Ischia 
evolved rocks (Casalini et al., 2017 and references therein; Melluso et al., 2014; 
Brown et al., 2008, 2014). The grey shaded area represents the Campi Flegrei 
evolved rocks (data from Melluso et al., 2012and references therein). (For 
interpretation of the references to colour in this figure legend, the reader is 
referred to the Web version of this article.)
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suggest that near the surface, the ring dykes were injections of magma 
from a major feeder dyke that fed the MEGT eruption. The intrusion of 
substantial amounts of magma into circumferential (ring) faults is a 
common feature in calderas during caldera collapse (e.g., Saunders, 
2005 and references therein).

Indeed, inclined sheets, departing from a deep reservoir, can 
encounter the ring fault and be deflected into it (Browning and Gud
mundsson, 2015; Natale et al., 2026a,b).

As described earlier, the fault displacements in the ring zone can 

reach tens of meters; in contrast, the dyke thicknesses are very small, up 
to a few tens of centimetres in the ball-chained structures.

Thus, these dyke fingers record the intrusion of volatile-poor magma 
into pre-existing structural fabric, including fractures and layering 
(Pollard et al., 1975). These intrusions likely remained blind and did not 
erupt, whereas larger and more laterally extensive dykes elsewhere 
along the ring fault zone acted as feeders for the TME ignimbrite erup
tion. It is important to emphasise that the studied area is a small portion 
of the caldera; however, as described previously, similar structures have 

Fig. 11. Models of dyke geometry: (a) ball-chained structure and orthogonal dykes; (b) ramp-flat geometry; (c-f) Cartoons showing the formation of the cataclastic 
zone around the dyke (the magma flow can be both vertical and horizontal); (g) Sketch of different textures associated with the dyke in the outcropping section.
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been observed at the Pietra Martone locality (Fig. 12). Unfortunately, 
there are no other outcrops because the entire northern slope of Mt. 
Epomeo is covered by deposits from ancient and more recent landslides, 
dense vegetation, and urbanization, which prevent the bedrock tuffs 
from being exposed. The 2022 landslide allowed us to properly observe 
these magmatic dykes and their geometries for the first time. Therefore, 
in the following proposed model, we will draw inferences from obser
vations on the northern and western slopes of Mt. Epomeo (including the 
study area and the Pietra Martone locality), recognising that this may 
not be representative of the entire caldera. Still, these are the only data 
available in the literature to depictinsights into the caldera's structure. 
Hence, to illustrate the previously discussed volcano-tectonic features, 
we sketched (i) the rim of the ancient caldera in Fig. 12, based on the 
outcrop limits of the marine/lacustrine deposits of ECV before the MEGT 
eruption, (ii) the marine ingression following the MEGT eruption, and 
(iii) the resurgent block. The figure also shows the post-MEGT volcanic 
deposits and the major faults within the nested structure (Vitale et al., 
2025). All these features, joined with (i) the occurrence along the 
northern slope of the Mt. Epomeo of deformation consistent with a 
caldera collapse (Vitale et al., 2025), (ii) obsidian dykes associated with 
MEGT eruption, and (iii) evidence of vent-near products at the Falanga 
area (ISPRA, 2018), suggest that the SW area of the ancient caldera 
hosted a nested subcircular caldera structure, formed with the MEGT 
event, which, therefore, have produced a caldera significantly smaller 
than the “ancient” one (Fig. 12).

5.5. Block resurgence mechanism

Different models have been proposed to the resurgence of Mt. Epo
meo. All converge towards the intrusion of a magma body in shallow 
crustal levels, triggering uplift (Fusi et al., 1990; Orsi et al., 1991; 
Cubellis and Luongo, 1998; Acocella et al., 1997; Acocella and Funi
ciello, 1999; Molin et al., 2003; Sbrana et al., 2009; Carlino, 2012). Orsi 
et al. (1991) presented a “simple shear model” characterised by a ver
tical extrusion confined by reverse faults in the NW edge of the resurgent 
block and normal faults at the SE part. The authors suggest that the 
faults are likely the result of the reactivation of pre-existing caldera 
fractures. Acocella and Funiciello (1999) proposed a slightly different 
model, defined by the tilting of the Mt. Epomeo block, with the hinge 

localised in the SE sector and reverse faults in the NW part (“trap-door 
model”). In both models, the block is bounded by inward faults. Molin 
et al. (2003) refined the previous model through analogical modelling, 
indicating the role of outward-normal faults along the NW slope in 
gravitational collapse. In contrast, Carlino (2012) proposed that a block 
resurgence driven by the intrusion of a laccolite was allowed by the only 
activity of outward normal faults along the northern and southern sec
tors. However, this latter model works only if an extensional stress field 
with σ3-oriented NW-SE is considered. In all models, the NW-SE 
boundary faults of the resurgent block behave as transfer structures.

The structural survey conducted in this study reveals the presence of 
high-angle inward- and outward-normal faults along the NW slope of 
Mt. Epomeo, with displacements of a few meters. However, the major 
fault structures in this sector are buried beneath older and recent debris 
flows, landslides, and colluvial and alluvial deposits (ISPRA, 2018). 
These hidden faults exhibit displacements of several hundred meters, as 
illustrated in the map and cross-section (Fig. 1a and b) and documented 
in official geological cartography (ISPRA, 2018). These structures 
include the E-W fault zone bounding the northern side of Mt. Epomeo 
and the two major NW-SE-directed faults bounding the NE sector of Mt. 
Epomeo. The results of our study suggest that most of the displacement 
was recorded by a few structures synchronously with diffuse faulting, 
including almost vertical, outward and inward faults. In this scenario, 
the observed transtensive and strike-slip faults acted as transfer shear 
planes between different segments of dip-slip faults. Due to the close 
relationships between the observed faults and the ring fault zone 
reconstructed in this work and in Vitale et al. (2025), we suggest that the 
resurgent block reactivated the ring faults of the innermost caldera, 
locally inverting them, at least in the northern sector; in particular, the 
structures located on the northern side were reactivated both with 
normal and reverse kinematics. Finally, integrating these findings, we 
propose a volcano-tectonic evolution model of Ischia Island (Fig. 13) 
along a cross-section B-B’ (Fig. 12).

The formation of the ancient caldera likely occurred between 90 and 
110 ka, based on the age of the oldest rocks, and is tentatively correlated 
to widely dispersed tephra markers of Ischia-like compositions identified 
across the Mediterranean, with modelled ages of ~96 and 104 ka 
(Fernandez et al., 2024, and references therein) and associated with 
large explosive eruptions. After (Fig. 13a), the marine sediments of ECV 

Fig. 12. Schematic geological map showing the limits of the resurgent block, marine ingression post-MEGT, ECV deposits, and the outer rim of the ancient caldera 
(modified after Vitale et al., 2025). CC: Cava Celario.
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were deposited in the central sector. However, we can only hypothesise 
a nested caldera structure that formed a central depression, filled with 
reworked volcanic deposits. In the interval ~62-56.5 ka, the first MEGT 
eruption stage was characterised by the deposition of the PZE within the 
ancient caldera (Fig. 13b). Subsequently, the second stage of the MEGT 
eruption was defined by the collapse of the SW sector, marked by a 
strong deformation of ECV deposits, and the occurrence of obsidian 
dykes and vent proximal deposits. TFS and TME were deposited in this 
stage, filling the depocenter and the remnant of the ancient caldera 
depression. After the MEGT eruption and formation of a nested structure 
(Fig. 13c), the caldera centre became the site of marine ingression and 
deposition of reworked volcanic sediments (Fig. 13d). Meanwhile, the 
central sector was affected by a dome-like uplift, and from 45 ka, by a 
resurgent block uplift (Fig. 13e), reactivating the pre-existing ring faults. 
The resurgence was punctuated by subsidence periods characterised by 
volcanic activity and slope instability, triggering large debris flows. The 
doming and block resurgent were likely driven by the emplacement of a 
laccolith-like magma body (Carlino, 2012; Vitale et al., 2025).

6. Conclusions

The new exposures of the deepest caldera-fill rocks on Ischia Island, 
revealed by the 2022 Casamicciola landslide, have allowed direct 

investigation of caldera-related structures, such as ring-faults and 
magmatic dykes. The resurgence of Mt. Epomeo provided a unique op
portunity to examine deformation features that were previously buried 
beneath the caldera infill, including the Mt. Epomeo Green Tuff (MEGT) 
sequence.

Structural survey conducted in the Cava Celario outcrop revealed the 
existence of magmatic dykes within the medial part (Frassitelli Tuff) of 
the MEGT deposits (62 and 56.5 ka). The dykes occur along the northern 
slope of the resurgent block of Mt. Epomeo, in the central part of the 
Island. Dykes are typically thin (generally <20 cm), lens-shaped bodies 
with a ball-chained geometry. Dykes consist of an obsidian core with a 
perlitic texture, containing phenocrysts of sanidine, plagioclase, clino
pyroxene, mica, and opaque oxides. The core is enclosed in a cataclasite 
with a glassy matrix.

Petrological analysis indicates that dykes have trachytic composition 
identical in major and trace elements to the MEGT rocks, confirming a 
genetic link to the final phase of the MEGT eruption. Textural and 
compositional features suggest that crystallisation began at shallow 
depth and continued during magma ascent. Our results indicate that the 
trachytic magma formed at temperatures of approximately 850-950 ◦C 
and with relatively high water content (approximately 5 wt% H2O).

The occurrence of cataclasites embedding the obsidian core indicates 
that the magmatic intrusion was accompanied by brittle deformation of 
the tuff host rock, a relatively uncommon feature of magmatic in
trusions. Based on dyke geometries, we infer that emplacement occurred 
along pre-existing structures associated with the caldera collapse in the 
southwestern sector of Ischia. The studied dykes therefore represent 
shallow magma injection along a ring fault zone, with magma rapidly 
cooling as it approached the surface, forming obsidian. Finally, the 
structural survey of faults bounding the northern slope of Mt. Epomeo 
indicates a similar pattern of structures, suggesting that the resurgent 
block reactivated and inverted pre-existing ring-faults in this sector of 
the caldera. This work, in combination with the existing literature, helps 
redefine the intricate volcano-tectonic structure of Ischia Island, disen
tangling its complex evolution which profoundly affects dynamic 
behaviour and seismicity.
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