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Abstract
The regional stress field in volcanic areas may be overprinted by that produced by magmatic
activity, promoting volcanism and faulting. In particular, in strike-slip settings, the definition
of the relationships between the regional stress field and magmatic activity remains elusive.
To better understand these relationships, we collected stratigraphic, volcanic and structural
field data along the strike-slip Central Aeolian arc (Italy): here the islands of Lipari and
Vulcano separate the extensional portion of the arc (to the east) from the contractional one (to
the west). We collected >500 measurements of faults, extension fractures and dikes at 40
sites. Most structures are NNE-SSW to NNW-SSE oriented, eastward dipping, and show
almost pure dip-slip motion; consistent with an E-W extension direction, with minor dextral
and sinistral shear. Our data highlight six eruptive periods during the last 55 ka, which allow
considering both islands as a single magmatic system, in which tectonic and magmatic
activity steadily migrated eastward and currently focus on a 10 km long x 2 km wide active
segment. Faulting appears to mostly occur in temporal and spatial relation with magmatic
events, supporting that most of the observable deformation derives from transient magmatic
activity (shorter-term, days to months), rather than from steady longer-term regional tectonics
(102-104 years). More in general, the Central Aeolian case shows how magmatic activity may
affect the structure and evolution of volcanic arcs, overprinting any strike-slip motion with
magma-induced extension at the surface.

Keypoints:
 Relation between strike-slip kinematics and magmatism at volcanic arcs
 Two neighbour volcanic islands share a single magmatic system
 Magmatic stress is dominant and generates transient faulting
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1. Introduction

The regional relations between magmatism and tectonics have been object of several studies
in the last decade, especially along divergent plate boundaries, where the crucial role of
magmatism on the evolution of the plate boundary has been repeatedly highlighted. Recent
diking episodes in Afar (Asal-Ghoubbet, 1978; Dallol, 2004; Dabbahu, 2005), Iceland
(Krafla, 1975-1984; Bárðarbunga, 2015), Tanzania (Lake Natron, 2007) and Red Sea (Harrat
Lunayyr, 2009; southern Red Sea, 2011-2013) highlighted the importance of transient or,
short-term (lasting from days to months), magmatic events in the opening of rift zones (e.g.
Bjornsson et al., 1977; Ruegg et al., 1979; Tarantola et al., 1980; Tryggvason, 1984; Rubin
and Pollard, 1988; Wright et al., 2006; Biggs et al., 2009; Pallister et al., 2010; Nobile et al.,
2012; Gudmundsson et al., 2014; Xu and Jónsson, 2014; Xu et al., 2014; Sigmundsson et al.,
2015), contrasting with long-term (102-104 years), steady tectonic processes (Ebinger et al.,
2010 and references therein). Magmatic intrusions usually cluster in magmatic segments
parallel to the rift axis, producing rift-parallel eruptive fissures (Gudmundsson, 1995; Ebinger
and Casey, 2001). Similar processes seem to occur also along magmatic arcs characterized by
extension, as the Taupo Volcanic Zone of New Zealand, but are absent along contractional
arcs, where large shallow magma chamber are lacking and the linear mode of magmatic
accretion becomes generally more localized at the surface (Chaussard and Amelung, 2012;
Acocella, 2014). Magmatic arcs undergoing strike-slip motions are less known, and only in
their very general lines, as Sumatra, where volcanism focuses along major strike-slip systems
(e.g. Van Wyk de Vries and Merle, 1998). However, any additional information along these
arcs is missing and the exact relationships between strike-slip structures and magmatism
remain elusive, leaving an important knowledge gap on this topic (Acocella, 2014, and
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references therein): important questions to be answered include the existence and shape of the
magmatic systems, as well as their structural control and relations to volcanic activity.
In this study, we aim at contributing to define the tectono-magmatic relationship in arcs
characterized by strike-slip motion. For this, we analyze the interplay between magmatism
and tectonics in the light of new structural data supported by a detailed stratigraphic analysis
in the central portion of the Aeolian arc (Italy), characterized by an overall strike-slip
regional tectonic setting (De Astis et al., 2003, and references therein). This setting results
from the development of a transfer zone connecting the extensional eastern portion of the arc
with the contractional western one (Billi et al., 2006, and references therein). In particular, we
focus on the temporal and spatial variations of the volcanic activity and deformation at Lipari
and Vulcano islands, to better understand how the volcanism and structures accommodated
strain in the context of the regional tectonics.
The study aims at: 1) implementing existing stratigraphic and structural datasets; 2)
integrating results with existing geophysical, geochronological, and geochemical data in a
time-stratigraphic framework; 3) providing an updated magmato-tectonic working model for
the area, which may be also a reference for strike-slip magmatic arcs in general.

2. Geodynamic, magmatic and structural frameworks

The Aeolian arc is located in a complex geodynamic setting expressed by three distinct
tectonically active areas resulting from the Neogene–Quaternary Africa-Eurasia convergence
(Fig. 1) with: (a) extension zones oriented NE-SW and NNW-SSE in W Calabria and NE
Sicily, respectively; (b) an E-W oriented belt of compression affecting the southern
Tyrrhenian Sea above western and central Sicily; and (c) the NNW-SSE trending right-lateral
Aeolian-Tindari-Letojanni fault system in between (Goes et al., 2004; Neri et al., 2005;
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D'Agostino and Selvaggi, 2004; Billi et al., 2006). This geodynamic setting likely interplays
with the magmatic and structural evolution of the Aeolian arc, which can be thus divided in
three sectors.
The eastern sector of the arc comprises the islands of Panarea and Stromboli (Fig. 1).
Widespread deep seismicity defines a northward dipping slab resulting from the active
subduction of the Ionian oceanic lithosphere beneath the Calabro-Peloritan Arc that includes
NE Sicily and Calabria (Anderson and Jackson, 1987). Since the late Messinian (~6 Ma), the
roll-back of the Ionian slab promoted a NW-SE trending extension at a maximum rate of ~6
cm/yr resulting in the development of the Pliocene-Quaternary back-arc basin located to the
north of the active compressive belt of the southern Tyrrhenian Sea, characterized by an
incipient oceanic stage (Patacca et al., 1990; Faccenna et al., 2001; Rosenbaum and Lister,
2004; Catalano et al., 2008; Fig. 1). At the surface, the eastern arc undergoes predominant
~NW-SE extension, also affecting the west side of Calabria (De Astis et al., 2003; Neri et al.,
2005; D'Agostino and Selvaggi, 2004; Billi et al., 2006; Acocella et al., 2009). Early
volcanism is ~0.8 Ma old and is still active on both islands of Panarea and Stromboli. Rocks
have a more radiogenic Sr-isotope signature (ranges from 0.70519 to 0.70757) (Francalanci et
al., 2007) and show a rapid geochemical evolution from calc-alkaline (mainly basaltic
andesite) to potassic-alkaline magmas (potassic trachybasalt and shoshonite).
The western sector of the arc comprises the islands of Filicudi and Alicudi (Fig. 1). The
volcanic activity developed along WNW-ESE tear faults controlling the southeastern
migration of the system. The lack of deep seismicity (>20 km) suggests that the subduction
below the western sector has ceased from ~0.5 Ma, when delamination processes affected the
Calabrian Arc, contemporaneously to a wide redistribution of the activity and configuration
of the collisional structures in the Sicily area (Goes et al., 2004; Billi et al., 2006). After the
end of the subduction, the western sector has been undergoing predominant ~N-S contraction,
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as a result of the collision between the Tyrrhenian oceanic and the Sicilian continental
lithospheres (De Astis et al., 2003; D'Agostino and Selvaggi, 2004; Pondrelli et al., 2004;
Neri et al., 2005). Both Filicudi and Alicudi islands were subject to volcanic activity that
started at ~1.3 Ma and ended ~30-40 ka ago. In this sector, rocks have typical magmatic arc
geochemical signatures and display lower Sr isotopic ratios (0.70379-0.70538) than the
Stromboli volcanics (Esperança et al., 1992; Francalanci et al., 2007).
The central sector of the Aeolian arc includes the islands of Salina, Lipari and Vulcano (Fig.
1), which are aligned along the northernmost portion of the ~NNW-SSE trending dextral
transpressive Aeolian-Tindari-Letojanni Fault system (ATLF), developing from Capo
Milazzo (North Sicily) to the SW of Vulcano (D’Agostino and Selvaggi, 2004; Palano et al.,
2012; and references therein). The ATLF acts as a major lithospheric structure transferring
the motion between an extending crust overlying an active oceanic subduction, to the east,
and a contracting crust lacking subduction, to the west (e.g., Billi et al., 2006; Argnani et al.,
2007). Seismicity is clustered along a NNW-SSE trend to the south of Vulcano, absent in
correspondence of the three volcanic islands, and then propagates NW-SE, merging with the
compressive structures along the Sisifo fault zone to the NW (Neri et al., 2005; Fig. 1). In
addition, the southern part of Lipari and the northern part of Vulcano islands share a common
gravity anomaly, suggesting a structural depression filled with low-density material (Ventura
et al., 1999).
The volcanism in the central sector started ~0.4 Ma ago and is still active at Vulcano (Fossa
cone, AD 1888-1890) and Lipari (Rocche Rosse obsidian flow, AD ~1200; Tanguy et al.,
2003). Although in part erupted along the same tectonic structures and in the same period, the
volcanic products forming the three islands show distinct geochemical characters, with a Kenrichment trend of the magmas from Salina to Lipari and Vulcano. Moreover, since 55 ka, a
bimodal volcanism characterized this sector of the Aeolian arc. Rhyolitic magmas were
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erupted mostly associated in space and time with eruptions of high-K calcalkaline basalt,
andesite and shoshonite (De Rosa et al., 2003a, 2003b; Gioncada et al., 2003). The last
rhyolitic eruption on Salina occurred 13 ka ago, whereas on Lipari and Vulcano rhyolitic
magma were erupted until historical time. Petrological data suggest that in this sector of the
arc the storage and evolution of magmas occur in polybaric systems in the crust, at two main
levels (Zanon et al., 2003; Gioncada et al., 1998). Mafic magmas reside in the lower crust, at
depths between 21.5 and 17 km, whereas the trachy-rhyolitic melts can be located at
shallower depths, ranging between 5.5-1.3 km (Zanon et al., 2003, Peccerillo et al., 2006).
The magmas erupted at Fossa, the active centre of Vulcano, lastly equilibrated in dyke-like,
very shallow reservoirs (Clocchiatti et al., 1994, Peccerillo et al., 2006). There is stratigraphic
evidence that, in a short time interval (AD 1050-1250, Arrighi et al., 2006), latites, trachytes
and rhyolites were emitted in the northern sector of Lipari (Monte Pilato) and at Fossa cone
in Vulcano (Palizzi succession, Dellino and La Volpe, 1997) contemporaneously to
shoshonitic to latitic magmas at Vulcanello (Fig. 1). Petrological evidence suggests that these
coeval eruptions are fed by the same magmatic system (Davì et al., 2009, 2010). A
shoshonitic magma from a deep reservoir (~20 km; Peccerillo et al., 2006) can directly reach
the surface (i.e., Vulcanello; Davì et al., 2009) or may evolve and stop in the crust generating
latitic to rhyolitic zoned magma chambers. A sudden arrival of a new input from depth
interacts with these resident magmas and triggers the eruptions of trachytic and rhyolitic
rocks (Mt. Pilato and Palizzi succession).
Field structural data have shown that the central Aeolian arc is controlled by three main
structural systems, NE-SW, NNW-SSE and N-S trending (Mazzuoli et al., 1995; Ventura et
al., 1999; De Astis et al., 2003). In particular, volcanic activity of the last thousand years on
Lipari and Vulcano has been focused from vents aligned N-S and located on the eastern side
of the islands. The structure of the arc may derive from a N-S trending horse-tail structure
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representing the termination of NW-SE dextral structures (Mazzuoli et al., 1995) or from pull
apart basins controlled by the NW-SE trending faults and associated with E-W extension
(Ventura et al., 1999). More recent geological, seismological and geodetic data suggest that
the Vulcano-Lipari system is dominated by regional transpressive tectonics with minor
extension (Barreca et al., 2014). These models imply a dominant role of regional tectonics (in
particular of strike-slip faulting) in controlling the magmatism.

3. Methods

In this study, four structural and volcano stratigraphic field campaigns have been carried out
from October 2012 to July 2014 on both Lipari and Vulcano islands. We have performed the
structural analysis strictly associated with the geological and stratigraphic observations with
the aim to constrain better the spatial and temporal evolution of the magmato-tectonic
activity.
The stratigraphic succession of Lipari and Vulcano islands is interpreted in terms of the
nomenclature and concept of volcanic activity units of Fisher and Schmincke (1984). In
particular, we adopted the unit named eruptive period. An eruptive period represents a timestratigraphical unit. It was defined as a period of volcanic activity at the scale of a volcanic
complex, separated by periods of quiescence with changes in petro-chemical characteristics
of magma, occurrences of tectonic or volcano-tectonic events, changes in kind, locations and
behaviors of volcanic activity (Fisher and Schmincke, 1984).
Most of the accessible exposures and outcrops have been visited thus permitting to sample
the defined eruptive periods. We systematically focused on outcrops along canyons and the
coastline. Overall, 500 mesoscale (centimeter to meter-scale) structures, consisting of faults,
fracture and dikes, have been measured at 21 measurement sites on Lipari (283 data) and 19
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on Vulcano (217 data). At each site, we measured the fault strike, dip, throw (often based on
dislocated markers) and, when possible, the kinematic indicators. The latter, comprising fiber
lineations, crystal growths and striations (slickenlines) have been used to infer shear direction
and shear sense on exposed fault planes (i.e. slickensides). As the volcanic material is
generally poorly consolidated (e.g. pyroclastic fall and surge deposits), we retrieved around
15% of kinematic indicators from the measured structures. The kinematic indicators are
derived from the pitch of the slickenlines that is the angle that a fabric makes to the strike
direction. Pitch values range from 0° to 180°; these correspond to pure strike-slip motions,
whereas pitches = 90° correspond to pure dip-slip motions. The sense of motion (normal vs
inverse or sinistral vs dextral) was determined considering the presence and orientation of
micro- and meso-indicators (such as stylolites, extension fractures, Riedel shears, steps and
chatter marks) on the fault plane. Outcrops are generally rare on both densely vegetated
islands, so well exposed outcrops that are not affected by faulting are also discussed.

4. Results

4.1 The time-stratigraphic framework
In the following, we have reconstructed the geologic and volcanic co-evolution of Lipari and
Vulcano islands defining six principal eruptive periods (Fig. 2, 3). These eruptive periods are
based on our original geological field survey, the critical analysis of all previous
geochronological data (Fig. 2) and the revision of geological works, such as borehole data
(Gioncada and Sbrana, 1991; De Astis et al., 2013; Forni et al., 2013; Fusillo et al., 2015; and
references therein).

Eruptive period 1 (>70 ka)
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The oldest eruptive period (Fig. 3a) is characterized by the edification of stratovolcanoes of
trachybasaltic and basaltic andesite composition. On Vulcano, at least three basaltic lava
cones built up the Primordial Vulcano between 135 and 100 ka ago (Fig. 2). The collapse of
Piano Caldera has occurred around 99 ka ago followed by a post-collapse volcanic activity
concentrated along the caldera ring faults, which became manifested as eruptive fissures that
remained active until ~70 ka. Both the Primordial Vulcano lava cones and the subsequent
Piano caldera fissures show a NW-SE elongation. The borehole IV1 (Gioncada and Sbrana,
1991) reached the trachybasaltic lavas of the Primordial Vulcano between 350 and 1360 m
depth on the present Fossa caldera depression (Fig. 3a). At Lipari, several eruptive fissures
and scoria cones are active between >257 and 114 ka. They are oriented in a N-S direction
and are clustered in the western part of the island and also in the E-W elongated Monte Rosa
Peninsula. After ~100 ka, two main stratovolcanoes (Monte Chirica and Monte Sant’Angelo)
developed in the central part of Lipari with predominant effusive and moderate explosive
activity.

Eruptive period 2 (55-40 ka)
After a quiescence interval of at least 15 ka, the resumed volcanic activity is focused in the
area between the two islands, suggesting a magmatic and/or volcano-tectonic event producing
collapse depressions (Fig. 3b). This type of structure is well defined at Vulcano, with the first
collapse along the SE sector of the Fossa caldera, whereas at Lipari, geological and structural
evidence is less clear despite two semicircular morphologic depressions on the southern
slopes of Monte Sant’Angelo. In the central part of the collapsed depression, rhyolitic
magmas built up two NNW-SSE aligned belts of lava domes in the present SW part of Lipari
(Punta del Perciato, Falcone and Capparo; 43-41 ka; Fig. 2). This volcanic activity evolved in
different phases, sufficiently separated in time to develop volcanoclastic pedogenized deposit
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in between. At the periphery of the collapsed depression, small batches of basic magmas fed
the eruptive fissures of Punta Luccia, Monte Rosso, Passo del Piano and La Sommata at
Vulcano (Fig. 3b). The borehole IV1 (Gioncada and Sbrana, 1991) records hydromagmatic
trachybasaltic tuffs between 255 and 350 depth that can be related to this activity. At Lipari,
lavas of the last eruption of Monte Sant’Angelo volcano (55 ka) flow within the probable
collapsed depression (Fig. 3b).

Eruptive period 3 (27-21 ka)
During this eruptive period, the rhyolitic volcanic activity continued in the collapsed
depression in between the two islands with the emplacement of voluminous lava domes and
associated intense explosive activity building up the Monte Lentia I complex at Vulcano and
Monte Guardia-Monte Giardina complex at Lipari (Fig. 3c). Rhyolitic rocks belonging to this
eruptive period have been found in the borehole VP1 at a depth between 655 and 995 m
(Gioncada and Sbrana, 1991), suggesting that the products of the Monte Lentia I complex
extend in the subsoil of the present Fossa caldera. At the periphery of the collapsed
depression, the basic volcanism is active at Vulcano with the eruptive fissures of Spiaggia
Lunga and Quadrara producing thick deposits of trachybasaltic welded scoriae. Both
boreholes IV1 and VP1 (Gioncada and Sbrana, 1991) encountered similar trachybasaltic
welded scoriae at 170-255 m and 615-655 m depth, respectively.

Eruptive period 4 (15-11 ka)
During this eruptive period, the vents of the rhyolitic magmatism form a volcanic chain of NS aligned lava domes along the western coast of Vulcano (Monte Lentia II complex) and the
eastern coast of Lipari (Capistello, Castello, Canneto, and Capo Rosso) (Fig. 3d). The
explosive activity is scarce. A small trachytic lava dome crops out inside the S sector of the
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Fossa caldera; its petro-chemical composition suggests a correlation with the lavas on top of
Monte Lentia II. The Monte Lentia II lava domes are subsequently cut by the ring faults of
the Fossa caldera collapse. Moreover, at Vulcano, a thick latitic lava flows succession
(mainly submarine) is recorded in the boreholes VP1 (at 215-615 m depth), IV1 (at 75-170 m
depth), and VU2bis (at 167-236 m depth) (Fig. 3d; Sommaruga, 1984; Gioncada and Sbrana,
1991), suggesting an intense effusive activity within the Fossa caldera. The Roja lava flow,
cropping out at the E corner of the Fossa caldera depression, may belong to this lava
succession.

Eruptive period 5 (8.5 ka)
At Vulcano, the rhyolitic activity is represented by three very small lava domes, N-S aligned
along the western ring fault of the Fossa caldera (Fig. 3e). Moreover, a N-S trending eruptive
fissure fed the Monte Saraceno scoriae deposits. We attribute to this eruptive period also the
Faraglione tuff cone and lava flows built inside the Fossa caldera. This interpretation is based
on the recovery of latite pyroclastites and lavas belonging to the Faraglione volcanic centre at
10-176 and 30-215 m depth in the boreholes VU2bis and VP1, respectively (Gioncada and
Sbrana, 1991), stratigraphically constrained between the Fossa cone products and the Roja
lava flow. The boreholes VU2bis and VP1 testify the presence of leucite-bearing latite
hyaloclastites and lavas around the Faraglione remnants at 10-176 and 30-215 m depth,
respectively (Gioncada and Sbrana, 1991). At Lipari, rhyolitic activity is focused at the NE
corner of the island, with the obsidian lava flow and intense explosive activity of the
Gabellotto series (Fig. 3e).

Eruptive period 6 (<2 ka)
At Vulcano, coeval moderate explosive and effusive activity emplaced the Vulcanello and La
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Fossa cones (Fig. 3f). The composition of the products erupted at La Fossa varies from latite
to rhyolite, with minor shoshonite (Gioncada et al., 2003). The last eruption at the La Fossa
cone occurred in 1888–1890; the present activity consists of intense fumarolic emissions
from the summit craters. At Vulcanello, leucite-bearing tephrite lava flows and cinder cones
develop between AD1050 and AD1230 (Arrighi et al., 2006), whereas the last trachytic lavas
and tuff cone (Vulcanello III) is emplaced during the 17th century (Keller, 1970). Rhyolitic
obsidian flows and huge explosive activity are at the NE corner of the island of Lipari (Fig.
3f). The Monte Pilato strombolian pumice cone is active around AD 776 (Keller, 2002). The
Forgia Vecchia obsidian lava flow is probably coeval with the Monte Pilato activity. The last
eruption occurring on Lipari is the Rocche Rosse pumice cone and obsidian lava flow, which
crop out inside the Monte Pilato crater and is dated at AD 1230± 40 (Arrighi et al., 2006).

4.2 Structural results
In the following, we have analyzed the structural features for each six time-stratigraphic units
described in the section 4.1. The section 4.2 refers to the Figures 4 and 5 for the site locations
and measurements and for a few selected field photographs, respectively.

Eruptive period 1 (>70 ka)
The oldest structures measured at Vulcano are mostly located to the south of the island and
relate to the Primordial Vulcano active during the period preceding the Piano caldera
collapse. On the eastern side of the Primordial Vulcano, from the rim of the Piano caldera to
the shoreline, we observed locally a radial pattern of mafic dikes from 0.5 to 3 meters thick
that are orientated from NE-SW to NW-SE (site 1; Fig. 4). The radial magmatic pattern is
also supported by the fracture orientation along the SE flank of the island (sites 2-3; Fig. 4).
Dozens of dikes cut the old stratovolcano along the S and SW shorelines (sites 4-6) with
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orientations striking from N-S to E-W, without a dominant orientation. These dikes have a
petrographical and geochemical composition identical to the products of the intra-caldera
activity (Keller, 1980) and roughly followed the volcanic and volcano-tectonic lineaments
within the Piano caldera (Figs. 3 and 4).Well-exposed N-S oriented faults with throw of
around two meters and fault planes dipping eastward are located at the base of Monte
Saraceno (SAR; site 7); this deformation does not affect the overlying more recent (8.5 ka)
Monte Saraceno scoria deposits. A kilometer to the east of Saraceno is the narrow arcuate
deeply eroded Roja canyon that hosts dozen of structures, including two right-lateral
transpressive faults oriented NW-SE and NE-SW with kinematic indicators (site 8).
At Lipari, products of the eruptive period 1 are generally well exposed on the western side of
the island, which is affected by a NNW-SSE oriented fracture zone with extended fault and
highly altered, kaolin-rich rocks. Major faults are oriented from NNW-SSE to NNE-SSW,
with throws larger than a dozen of meters (sites 12-13). The largest eastward dipping normal
faults show pure dip-slip kinematics, supported by well-exposed striations on the fault planes
(site 14; Fig. 5b). Close to the Timpone Ospedale (TO; Fig. 4), the kaolin material is also
affected by active hydrothermal emissions. This area shows several faults and mineralized
fracture zones oriented NNW-SSE. Striations indicate dip-slip kinematics with alternated left
and right lateral sense of shear (e.g. site 16).
To the north of Lipari, a N-S oriented fault zone is morphologically in the continuation of the
kaolin-rich area and shows along profile a cumulative throw of ~8 meters (site 17). Along the
shoreline, a NNW-SSE graben-like structure has a throw of several meters indicating a mean
ENE-WSW extension (site 18, Figs. 4 and 5a). To the east of Lipari, the Monte Rosa exhibits
several dikes and faults oriented ~N-S, with throw up to 3 meters (site 19).

Eruptive period 2 (55-41 ka)
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The SE sector of Vulcano is characterized by a succession of pyroclastic deposits originating
from la Fossa caldera formation. Despite several well-exposed outcrops accessible from the
shoreline, no faulting has been observed (Gelso area; Fig. 4). Northward, the NW-SE
oriented canyons in the Grotte dei Rossi area (site 20) abound of NNE-SSW centimeter to
meter-scale normal faults with opposite dip and throws from few cm up to 2-3 meters. This
graben structure is continuous along NNE, connecting to Punta Luccia, 4 km distant (Figure
4). The latter area is dissected by a principal eastward dipping normal fault (throw of ~3
meters) and by a secondary sub-parallel smaller-scale fault zone (site 21). Overall, this
graben-like structure represents a continuous NE-trending extensional fault zone (i.e. graben),
parallel to two morphostructural steps crossing the entire Piano caldera (Fig. 4). Other
parallel steps are oriented NW-SE and are located to the southern part of the caldera (NE of
the La Sommata mount; SM, Fig. 4); however, no discontinuities were identified on the field
likely due to the very loose material composition. Deposits of the same eruptive period are
located on the Roja canyon with well-exposed cm-scale discontinuities orientated in a
dominant N-S direction (site 22).
At Lipari, the eruptive period 2 consists of NNW-SSE to N-S oriented rhyolitic domes. In the
Falcone area (site 28), a NNW-SSE oriented and east-dipping fault zone with a minimum
throw of a dozen of meters affects the pre-Monte Guardia deposits. Along the shoreline (site
23), these domes are flanked by N-S, east and west dipping normal faults. This is evidenced
on the field by viscous dome flows rising along, and controlled by high angle normal faults.
This NNW-SSE oriented graben-like structure is approximately a kilometer wide, bounded
by three main faults, possibly reactivated during the Monte Guardia activity. In the graben
axis, an amphitheater structure is observed, which may be related to a possible paleo-collapse
of a portion of a dome.
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Eruptive period 3 (28-21 ka)
No structures have been found at Vulcano during this period, despite magmatic activity
presents at Monte Lentia I complex and to the south at Quadrara.
To the SE of Lipari, site 29 is located in a quarry where numerous faults affecting to the
Monte Guardia formation are well-exposed (Figs. 4 and 5 d-g). Faults are observed with drag
folds and throws generally decreasing upward, suggesting syn-depositional faulting (Fig. 5f).
This also comprises compaction features aligned in a N-S direction, denoted by typical Xshaped conjugate shear structures (Fig. 5g). A well exposed, E-W oriented, 200 meters-long
outcrop is bounded by two major N-S oriented faults with opposite dip: 62 features were
measured with a dominant N-S direction. Figure 5j shows this 200 m long E-W profile for
which we estimated a minimum cumulative throw of ~28 meters. To the north of Monte
Giardina is the Vallone Ponte area (site 30), characterized by a narrow valley with NNW-SSE
oriented and E-dipping normal faults, aligned parallel to the Monte Giardina and Monte
Guardia domes.

Eruptive period 4 (15.5-13 ka)
On Vulcano, a series of N-S to NE-SW aligned rhyolitic domes are located along the western
Fossa caldera border (site 24). Large open fractures (up to one meter) and cracks dissect some
of the domes and are oriented sub-parallel to the main dome alignment, in correspondence to
the caldera border. These features are parallel to the caldera erosion border and may thus
reflect only a recent erosional state, rather than faulting.

Eruptive period 5 (8.5 ka)
On Vulcano, the Monte Saraceno eruptive fissure is located to the west of the central portion
of the Island and is affected by a series of two meter wide, N-S-oriented sub-parallel
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extension fractures (site 25; Fig. 4). Nearby, large scoriaceous spatter bombs up to few
meters cluster along a N-S-oriented structure up to the Monte Saraceno summit. This
suggests a N-S orientation of the eruptive fissure, with a material grain size repartition that
decreases far from the eruptive fissure. NW of Monte Saraceno lay three N-S aligned
rhyolitic domes that took place during the eruptive period 2. A radial fracture pattern is also
observed on the Faraglione structure that has a dominant NNW-SSE and NNE-SSW
orientation with an overall N-S trending orientation surrounded by NS trending fractures and
parallel gas exhalation close to the beach (site 26).
During the same period, the hundreds of meters thick Gabellotto deposits emplaced at Lipari;
however, no evidence of deformation has been observed and the location of the eruptive
center remains unknown (GAB; Fig. 4).

Eruptive period 6 (< 2 ka)
Along the touristic path north of the Fossa crater on Vulcano we find two localized northoriented fractures that locally affect the pre-1888-1890 deposits (site 38). These are
connected further to the north with an active N-S oriented fracture zone evidenced by
fumarolic activity. This fracture zone then propagates northward connecting to the Forgia
Vecchia craters and with localized N-S oriented mineralized fractures at the base of the
volcano where silicic, advanced argillic and intermediate argillic alteration facies emerge
(Fulignati et al., 1998). This suggests an active N-S oriented extensional fracture zone
between the northern side of the Fossa volcano (Grotta de Palizzi eruptive center; GP, Fig. 4)
and Vulcanello. The latter is composed of three nested craters oriented ENE-WSW, formed
during the Middle Age (~AD 1200; Arrighi et al., 2006). On the eastern eroded cone, three
left-stepping en-echelon dikes are oriented WNW-ESE (site 39, Figs. 4 and 5h). Local, minor
fractures and faults (few centimeters of throw) on the central cone are oriented NNW-SSE.

©2016 American Geophysical Union. All rights reserved.

Then, to the east of the Roja canyon, several normal faults are oriented NNE-SSW (throw up
to one meter) affecting the pyroclastic successions from the Fossa cone (site 37; Fig. 5i).
On Lipari, Forgia Vecchia, Pilato and Rocche Rosse are the most recent volcanic centers, all
N-S oriented (Fig. 4). We performed a systematic research in the canyons in the surroundings
of Monte Pilato, in the areas of the quarries excavation sites, however, these products lack of
deformation markers (FPR, Fig. 4), with the exception of a N-S oriented normal fault NW of
Forgia Vecchia, with throw of 1 m (site 40). At Punta Falcone, the westernmost cliff is
dissected by a series of parallel metrical large open fractures and sinkholes. In 2010, a rock
fall occurred in this area following a Mw4 earthquake, denoting the instability of the cliffs of
the western island.

Structural result summary
The dominant normal faulting for all the six eruptive periods shows a steady NNW-SSE to NS orientation on both islands since their early stage of the edification (Fig. 6a-b). This is also
well supported by the fracture opening orientation that shows a similar opening orientation,
with an EW opening orientation (Fig. 6c). E-dipping faults are dominant (Fig. 6a, b; dark
areas represent the fault pole projection concentration), with fault dip angles ranging from
~60° to vertical, with a mean value of 76±8° (Fig. 6d). The fault pitches measured at normal
faults have a mean value of 98±26°, supporting the dominant dip-slip component of the
faults, with both minor left- and right-lateral components of motion; the right-lateral
component being slightly dominant for older structures (Fig. 6f, g). Together with the
associated ~N-S fracture orientation, these features suggest that the fault system experienced
steady E-W extension since the earlier eruptive period. The volcano alignments are oriented
NNW-SSE to N-S (Fig. 6e), in agreement with the field structural results.
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5. Discussion

5.1 The magmato-tectonic evolution of Lipari and Vulcano
Spatial and temporal distribution of the stratigraphic units and structural data recognized in
Lipari and Vulcano islands show a simultaneous evolution on both islands and a
contemporaneous eastward migration of volcanism, supporting an unique magmato-tectonic
system, the Lipari-Vulcano Complex (LVC) (Fig. 7).
The six eruptive periods proposed for the evolution of LVC define temporal clusters of
volcanic activity separated by quiescent intervals ranging from 15 to 3.5 ka (Fig. 2). During
the eruptive period 1, although Lipari and Vulcano appear as two independent magmatic
systems with different type of volcanic activity and structure, a common tectono-magmatic
event at about 100 ka is suggested by the change in geochemical composition (from CAbasaltic andesite to HK CA andesite) and in volcano location and structure (Piano caldera
collapse at Vulcano and M. Chirica and M. Sant’Angelo stratovolcanoes at Lipari) (Fig. 3a).
The structural features observed during the eruptive period 1 on both islands are limited, and
consist of radial dikes in Vulcano (on the southern sector of the island) and localized faults to
the west and NW of Lipari, mostly oriented N-S (Fig. 6a).
At about 55 ka (eruptive period 2) and since 21 ka (eruptive period 3) volcanic activity is
focused in the area between the two islands, where a collapse likely took place, promoting the
first Fossa caldera at Vulcano (Fig. 7a). In particular, rhyolitic magmas are present in the
central part of this structure, whereas basic magmas rose at the periphery (Fig. 3b-c). The
rhyolitic activity is in the form of lava domes with explosive activity increasing with time
(e.g., Monte Giardina-Monte Guardia, Falcone at Lipari and Monte Lentia I complex at
Vulcano); vents are NNW-SSE aligned (Fig. 7a). The southern Lipari concentrates wellexposed, syn-eruptive fault and fracture zones that exhibit both NNW-SSE and N-S
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orientations and are associated with the silicic magmatism (Fig. 7a). At Vulcano, the basic
activity is along the ring faults of the SE sector of the Fossa caldera (Spiaggia Lunga fissure
eruption) and of the south sector of the Piano caldera; eruptive fissures are also NNW-SSE
oriented (Fig. 7a). In addition, the deposits filling the Piano caldera (Vulcano) were most
likely faulted during this period, forming a graben-like structure that connects Punta Luccia
normal faults, both NNE-SSW oriented (Fig. 7a).
During eruptive periods 4 and 5 (15-8.5 ka), both silicic and basic-intermediate volcanic
activities of the two islands are aligned N-S along probable eruptive fissures structurally
independent of the tectono-magmatic area between the two islands prevailing in the previous
eruptive periods (Fig. 7b). The rhyolitic activity is strongly aligned in a 13-km-long chain of
lava dome (Monte Lentia complex at Vulcano and Castello-Canneto-Capo Rosso at Lipari)
developed likely along a graben-like structure oriented NNW-SSE. Also the basicintermediate Monte Saraceno eruptive fissure, Faraglione lava and tuff cone and the units
infilling the Fossa caldera are N-S aligned (Fig. 7b). Overall, the magmatic activity at
Vulcano shows a northward migration, from the older Piano caldera to the younger Fossa
caldera and a somehow eastward migration from Spiaggia Lunga to La Fossa volcano and
Vulcanello. The magmatic activity at Lipari is subjected to a general eastward and northward
migration with a concentration of the activity in the NE edge of the island (Fig. 7b).
Finally, the eruptive period 6 (<2 ka) shows a clear N-S corridor of magmatic centers running
from La Fossa active crater in Vulcano to the north of Lipari (Monte Pilato and Rocche
Rosse; Fig. 7c). In particular, La Fossa cone and the three nested NE-SW craters grow with
an overall N-S active fracture zone, dissecting the La Fossa crater and reaching Vulcanello
(Fig. 7c). At Lipari, this temporal window is characterized by the northward propagation of
the activity from Forgia Vecchia to Monte Pilato and to the Rocche Rosse obsidian flow.
In synthesis, volcanism and faulting in the last 55 ka have occurred exclusively along a
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narrow magmato-tectonic corridor, or magmatic system (15 km long in the N-S direction and
2 km wide in E-W direction; Fig. 7d) experiencing extension, with even a narrower 1 kmwide corridor during the last 2 ka. These results support a steady E-W dominant extensional
regime with an overall constant eastward migration of activity. Our results are in agreement
with geochemistry data that support the existence of a single, N-S elongated steady magmatic
source at depth, with common composition characterizing the LVC (Davì et al., 2009, 2010).

5.2 The orientations of the shallow feeding magmatic system
Most of the volcanic structures along the LVC are oriented N-S to NNW-SSE. However,
despite a N-S alignment of the Fossa and Vulcanello volcanoes, their respective craters are
clearly aligned NE-SW and thus are rotated from around 50° eastward. Both systems lie
within or at the boundary of the Fossa caldera; this may indicate the influence of the caldera
structures, providing a preferential pathway for magma ascent independently of the regional
stress field. Other examples of differential stress fields generated by caldera structures
contrasting with the regional tectonics are commonly observed, such as at Askja (Iceland)
and Long Valley (North USA) calderas with magmatic intrusions controlled by the caldera
pre-existing structures (e.g. Holohan et al., 2008). However, the NE-SW intrusion direction is
found at few other locations in the LVC such as Monte Rosa at Lipari (with also localized
WNW-ESE oriented faults on the West of the island at the same latitude), and Vulcano Piano
during the intra-caldera activity (LP1; see Fig. 4). This suggests that from an early stage of
the edification of the LVC up to the present day, a secondary steady intrusion pathway
orientation joins the dominant N-S intrusion pathway. This may be the result of a long-term
influence of the stress field controlling on the eastern sector of the Aeolian Arc (see Fig. 1),
characterized by a steady NNW-SSE to NW-SE extension regime (Acocella et al., 2009).
Thus, this may occasionally influence the intrusion orientations along the LVC.
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5.3 A magmato-structural model
Our data suggest a scenario that differs from classical models used to explain the magmatostructural evolution of the central Aeolian islands. These previous models integrate the NWSE trending strike-slip faults as a dominant feature affecting the LVC and the magma
pathway (e.g., Mazzuoli et al., 1995; Ventura et al., 1999). The proposed horsetail model may
potentially explain the transition from strike-slip to normal faulting, even though it does not
fully explain the focalized magmatism along the narrow tectono-magmatic corridor where
strike-slip faults are expected to lie.

Our structural data show that strike-slip kinematics is almost absent, especially in younger
material and thus may not play a dominant role in the development of the LVC, at least in the
shallow crust. This is also supported by seismicity that shows isolated step-like transcurrent
right-lateral offshore active faulting zones to the west of the LVC, without affecting much the
Central sector of the Aeolian Arc (Neri et al., 2005). The dominance of normal faults (>90%)
and the presence of clear syn-eruptive deformation indicators suggest that active faulting is
subordinate to transient or short-term (lasting from days to months) magmatic events, rather
than to continuous regional tectonics that have longer-term rates of deformation (years to
thousands of years). We propose that magmatic events—that are transient by nature—are
able to generate a stress field and faulting orientation that differs from and overcomes the
regional stress field. We thus propose that transient magmatic events are the principal
mechanisms that generated the observed faulting, able to induce several meters of
displacement in a very short time (i.e. the time of the eruption, days to months).
Our data also demonstrate the lack of significant NW-SE trending strike-slip structures on the
LVC. This does not neglect the importance of any strike-slip structure in the evolution of the
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Central sector of the arc in an early stage, as proposed by Ventura et al. (1999); these may be
located offshore (as suggested by the seismicity), to the west of the islands, or at greater
depth below the island. Moreover, the extensive shallow high-altered zones (De Ritis et al.,
2007; 2013) located at around 1-3 km below the surface at Lipari may preclude the
accumulation of stress in the shallow crust, so that seismic energy cannot accumulate and be
released in the form of earthquakes.
In addition, the preferential eastward fault immersion and migration of activity may originate
from the sides of the LVC, characterized by steeper slopes and higher bathymetric and
topographic instability to the East that act as a buttress. In this scenario, different parameters,
such as the dominant eastward dipping of the structures, the presence of a topographic
gradient connecting both islands to the deep Gioia basin to the East support the presence of a
N-S oriented area prone to steady tensional stress, and thus more subject to be intruded
during intrusion events. All together, our results suggest that any future magmatic event may
focus along the narrow N-S fracture zones on the eastern part of the island.
In synthesis, we propose a model to explain the geometric and kinematic deviations from the
overall regional context. Accordingly, the stress field varies regionally from pure strike-slip
motions along the NW-SE oriented Aeolian-Tindari-Letojanni fault to the south of Vulcano
(horizontal σ1 and N-S oriented), to an extensional dominant regime associated with NNWSSE to NS faults at VLC (vertical σ1). We suggest that the long-term principal stress σ1 has
rotated from horizontal (tectonic stress dominant) to the vertical (magmatic stress dominant),
from south of LVC due to the presence of a steady magmatic system at depth that locally
modifies the stress field (Fig. 8). This local stress variation may be related to the progressive
emplacement of magma at depth (mantle upwelling) in good agreement with data obtained
from EP1 at Vulcano; a similar mechanism has been proposed also for the contractional
magmatic arc of NE Japan, undergoing localized extension (Acocella et al., 2008).
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These considerations suggest that the shallow structure of the central Aeolian arc, associated
with an overall E-W extension, is magma-induced. The example of the Aeolian arc is
particularly interesting at the global scale, where evidence of the magmato-tectonic
relationships along volcanic arcs characterized by predominant strike-slip motion is lacking
(Acocella, 2014; and references therein). In fact, few data have been collected along this type
of arcs and, in the best-known cases (e.g. Sumatra) the shallow geometric and kinematic
relationships between the structures controlling volcanism are still not defined. The result is
that we do not know whether volcanism is directly controlled by strike-slip structures,
localized areas of extension in between (as produced by releasing bend or pull-apart) or
magma-induced pure extensional zones slightly oblique to the arc trend. The data collected
along the central Aeolian islands suggest that the latter possibility is likely to occur also along
other volcanic arcs undergoing strike-slip motions.

6. Conclusions
We identify six eruptive periods representing the entire magmato-tectonic evolution of Lipari
and Vulcano islands. These six eruptive periods have been reconducted to three temporal
windows of concurrent volcanic activity in both islands, suggesting a unique volcanic system,
i.e. the Lipari-Vulcano complex (LVC) on the two islands. LVC consists of a single, N-S
oriented intrusive zone that is influenced by transient magmatic intrusions, with subordinate
effect of regional tectonics. Most of the structures (faults, extension fractures, and dikes) have
a N-S trend, eastward dipping, with a dominant dip-slip extensional component. Our results
suggest that the stress field of the LVC is dominated by a local magma induced extensional
regime, which overcomes the regional stress. As a whole, the activity of LVC resembles that
of a magmatic system with remarkably consistent features in the last tens of ka. More in
general, the Central Aeolian case shows how magmatic activity may affect the structure and
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evolution of magmatic arcs undergoing strike-slip motions, otherwise poorly constrained.
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Figure 1. Regional simplified structural map and location of the Aeolian volcanic arc.
Integration of Serpelloni et al. (2010); Neri et al. (2005); Catalano et al. (2008); Mattia et al.
(2009). AL: Alicudi, FI: Filicudi, SA: Salina, LI: Lipari, VU: Vulcano, PA: Panarea, ST:
Stromboli, ATLF: Aeolian-Tindari-Letojanni Fault.

©2016 American Geophysical Union. All rights reserved.

Figure 2. Chronogram of the age data available for Lipari and Vulcano products, with relative
error bars (Bigazzi and Bonadonna, 1973; Keller, 1970, 2002; Crisci et al., 1983; Frazzetta et
al., 1984, 1985; DeRosa et al, 1985, 2003; Gillot, 1987; Laj et al, 1997; Delitala et al, 1997;
Lucchi, 2000, Soligo et al., 2000; Bigazzi et al., 2003; Tanguy et al., 2003; Arrighi et al.,
2006; Leocat, 2011). Note the change of time scale from 60-0 ka and 250-60 ka. Grey
domains evidence clusters of volcanic activity separated by quiescence intervals, based on
geochronological and stratigraphical data. We refer to these domains to define the eruptive
periods 1-6 described in the text. Since about 55 ka, the volcanism is bimodal, with
contemporaneous eruption of rhyolitic and trachybasaltic magmas. This change in magma
composition intervened after the collapse inception of the area between the two islands
comprising the Fossa Caldera on Vulcano.
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Figure 3. Sequence of schematic maps showing the proposed volcanic history of the LipariVulcano magmatic complex during the eruptive periods (EP) 1-6 described in the text. The
bimodal nature of volcanism since about 55 ka, with coeval eruption of rhyolitic and
trachybasaltic magmas is evidenced by color codes of the products erupted during the
different eruptive periods. The distal sheet-like cover of pyroclastic deposits was omitted for
simplicity.
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Figure 4. Structural map of Lipari and Vulcano islands, with all the field measurements
plotted using OSXStereonet program. Numbers within circular boxes refer to sites of
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structural measures. Colors of these circular boxes and of stereoplots indicate the rocks
affected by faulting attributed to the different eruptive periods (see section 3.1 for details).
Principal lineaments (on the DEM) are indicated by dashed lines; volcanic centers <30 ka are
plotted as red triangles. A-A’ profile is illustrated in Fig. 5j. Letters a) to f) within square
boxes are locations of field photographs of Figure 5. GAB: Gabellotto, FA: Falcone, SA:
Sant’Angelo, TO: Timpone Ospedale, SAR: Monte Sarceno.
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Figure 5. Field photographs of outcrops attributed to different eruptive periods affected by
faults and intrusions. a, b) Eruptive period 1 (>70 ka) located to the N and W of Lipari and
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along the shoreline (sites 18, 14; Fig. 4); c) Eruptive period 2 (55-40 ka) faulted ash fall
deposits at Piano caldera (site 20; Fig. 4); d-g) Eruptive period 3 (27-21 ka) pyroclastic
surges and ash fall deposits located SE of Lipari (site 29; Fig. 4); h-i) Eruptive period 6 (<2
ka) a dike on Vulcanello East shoreline (site 39; Fig. 4), La Fossa deposits located on the SE
part of La Fossa cone, along the Roja canyon (site 37; Fig. 4); and j) a 200-m-long E-W
sketch profile located at the site 29. It comprises some compaction features that follow a
NNW-SSE direction (same as Fig. 5g). In general, faults (up to dozen of meter of throw) are
oriented N-S and throws decrease upward, suggesting a syn-eruptive process, or a decrease of
the faulting activity in time. We further estimate a minimum total throw of 28 meters for this
single magmatic event.
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Figure 6. a) The overall dataset for the different eruptive periods shows a dominant N-S
orientation, apart from the eruptive period 1 at Vulcano. Dikes show an ENE-WSW
preferential orientation at Vulcano. b) stereoplot of the overall fault orientations and dip, c)
stereoplot for all fractures, d) mean fault and fracture dips, e) rose diagram of volcano
lineaments, f-g) Kinematic indicators indicate a dominant dip-slip component, with
secondary left- and right-lateral components.
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Figure 7. Tectono-magmatic evolution of LVC in three main clusters between a) 55-21 ka; b)
18.5-8.5; c) <2 ka and d) overall intrusion and structural activity <55 ka.
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Figure 8. Proposed kinematic model to explain the transition between right lateral oblique
motion (S) to normal faulting (N), transiting from tectonic stress (σ1 horizontal) to magmatic
stress (σ1 vertical), in response to the presence of magma overpressure.
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