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9 Abstract High-resolution seismic reflection profiles

10 (Sparker Multitip) offshore southern Ischia Island (Naples

11 Bay) are presented, together with a geological interpreta-

12 tion of their volcanic, structural and sedimentary features.

13 In this frame, new seismo-stratigraphic evidences on buried

14 volcanic structures and overlying Quaternary deposits of

15 the southeastern offshore of the Ischia Island are discussed

16 to highlight their implications on the marine geophysics

17 and volcanology. The Ischia Bank is a large and flat relic

18 volcanic edifice with steep slopes, merging on the conti-

19 nental shelf. The age of this monogenic volcano is

20 unknown, lacking a direct datation of its basement. It

21 represents the eruptive center of the pyroclastic fall crop-

22 ping out onshore in the eastern sectors of the island,

23 ranging in age from 8 to 6 ky BP. In the eastern Ischia

24 offshore relic volcanic edifices, mostly formed by hialo-

25 clastites, have been investigated through high-resolution

26seismics. They represent remnants of hydro-magmatic

27volcanic vents and suggest a subaqueous emplacement.

28Regional seismic sections in the southeastern Ischia off-

29shore, across buried volcanic structures, are finally pre-

30sented and discussed.

31

32Keywords Ischia � Naples Bay � Buried volcanic edifices

33� Multibeam bathymetry � Seismic stratigraphy

341 Introduction

35High-resolution seismic reflection profiles offshore south-

36eastern Ischia Island are presented to give a geological

37interpretation of its volcanic, structural and sedimentary

38features. In this frame, new seismo-stratigraphic evidences

39on buried volcanic structures and related Quaternary

40deposits in the southeastern offshore of the Ischia Island,

41particularly in the southern continental slope of Ischia and

42Ischia Channel, are presented.

43A densely spaced grid of single-channel seismic profiles

44has been recently acquired and interpreted in the frame of

45research programs of marine cartography (CARG Project)

46financed by the Campania Region (Sector of Soil Defence,

47Geothermics and Geotechnics) during the mapping of the

48marine areas of the geological sheet n. 464 ‘‘Isola d’Ischia’’

49at the scale 1:25,000 (Figs. 1, 2). Some of the collected

50seismo-stratigraphic data are interpreted and discussed to

51highlight new implications of the structural and strati-

52graphic setting of the Ischia volcanic complex (Naples Bay,

53southern Tyrrhenian sea), focusing, in particular, on the

54southeastern offshore of the island.

55The seismic grid was recorded using a Sparker Multitip

56seismic source. The marine data acquisition and the related

57mapping around the Ischia Island were performed down to

A1 The results presented here were derived from the scientific and

A2 technical activities related to the mapping of marine geology of the

A3 Ischia Island (‘‘Isola d’Ischia’’, map 464, at the scales 1:25,000 and

A4 1:10,000). The marine geologic mapping offshore of the Campania

A5 region was accomplished under the direction of Prof. B. D’Argenio

A6 and in part Dott. E. Marsella. Marine geological survey of the

A7 southeastern Ischia offshore at water depths ranging between 30 and

A8 200 m has been carried out by Dott. Gemma Aiello on the basis of

A9 data collected at sea.

A10 Electronic supplementary material The online version of this
A11 article (doi:10.1007/s12210-012-0204-2) contains supplementary
A12 material, which is available to authorized users.

A13 G. Aiello (&) � E. Marsella � S. Passaro

A14 Institute for Marine and Coastal Environment (IAMC),

A15 National Research Council (CNR), Calata Porta di Massa,

A16 Interno Porto di Napoli, 80133 Naples, Italy

A17 e-mail: gemma.aiello@iamc.cnr.it

123
Journal : Large 12210 Dispatch : 7-9-2012 Pages : 21

Article No. : 204
h LE h TYPESET

MS Code : LYNC161 h CP h DISK4 4

Rend. Fis. Acc. Lincei

DOI 10.1007/s12210-012-0204-2

A
u

th
o

r
 P

r
o

o
f

http://dx.doi.org/10.1007/s12210-012-0204-2


U
N
C
O
R
R
E
C
T
E
D
P
R
O
O
F

58 the 200 m isobath (Geological Map n. 464 ‘‘Isola d’Ischia’’;

59 scale 1:25,000; 2010; in press; Aiello et al. 2009b).

60 The seismic lines have been plotted on the marine DEM

61 of the Ischia Island, allowing a detailed geological inter-

62 pretation of the main morpho-structures occurring at the

63 sea bottom (Fig. 1). The seismic grid consists of 13 dip

64 seismic lines in the southern Ischia offshore, running per-

65 pendicularly to the shoreline and 2 tie lines, parallel to the

66 shoreline (Fig. 2). Particular attention has been paid to the

67 geological interpretation of seismic lines that cover the

68 southeastern offshore of the island, from Punta Imperatore

69 (southwestern Ischia) to the Aragonese Castle (eastern

70 Ischia; Fig. 3).

71 The Ischia Island is an alkalitrachytic volcanic complex,

72 whose eruptive activity lasted from the Late Pleistocene up

73 to historical times (Vezzoli 1988). The oldest rocks date

74 back to about 150 ky and crop out in several sectors of the

75 coastal belt of the island, particularly in the ‘‘Scarrupata di

76 Barano’’ (Fig. 2), a steep slope located in the south-east-

77 ward sectors of the island and its offshore. This evidence

78concurs with the suggestion of a resurgent caldera, about

7910 km across, where eruptive activity and tectonics gave

80rise to the uplift of the Mount Epomeo fault block (Walzer

811984; Orsi et al. 1991; Acocella et al. 2004; Carlino et al.

822006; Brown et al. 2008). In this regard, the main eruptive

83events of the Ischia–Procida–Phlegrean system suggest at

84least five eruptive cycles, ranging in age from 135 ky BP to

85historical times (Gillot et al. 1982; Chiesa et al. 1985; Poli

86et al. 1987, 1989; Rosi and Sbrana 1987; Vezzoli 1988).

87The southern submergedmargin of Ischia differs from the

88adjacent marine sectors of the island, forming a narrow

89continental shelf, fromwhich several retreat canyons depart.

90A morphological sketch map, based on the geological

91interpretation of multibeam bathymetry, shows the principal

92morpho-structural lineaments occurring around the island

93(Fig. 3; Aiello et al. 2009a). Three important areas of accu-

94mulation of debris avalanche are located in the northern,

95western and southern offshore of the island, while the main

96canyon heads are located in its northwestern offshore

97(‘‘Testata di Punta Cornacchia’’; ‘‘Canalone di Forio’’; Fig. 3).

Fig. 1 Onshore/offshore DEM of Ischia Island and analyzed Sparker seismic grid. Red figures indicate the studied sections

Rend. Fis. Acc. Lincei
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98 In the northern and western Ischia offshore, Sidescan

99 Sonar profiles have been also recorded (Fig. ESM1—Online

100 Resource 1). Hummocky topography occurs at water depths

101 ranging between 30 and 100 m (Fig. ESM1—Online

102 Resource 1). However, these features could not be correlated

103 onshore with evident slide scars. Heterometric blocks

104 (‘‘block facies’’) are buried and interstratified with pelitic

105 sediments (‘‘matrix facies’’). The deposits reach theBanco di

106 Forio tuff cone and are interposed between a submerged

107 depositional terrace and a more recent coastal wedge of

108 marine sediments (Budillon et al. 2003a;Aiello et al. 2009b).

109 A new seismo-stratigraphic setting of southeastern Ischia

110 offshore is herein proposed, concurring with a better knowl-

111 edge of the stratigraphic relationships between the southeastern

112 volcanic seismic sequences, previously unknown with such a

113 detail, and the Late Quaternary depositional sequence. Their

114 stratigraphic architecture on the steep slopes off southern Ischia

115 was practically unknown. We think that the regional seismic

116 sections discussed in this paper, aside from their scientific

117 content, will allow a better geological management and mon-

118 itoring of the coastal zones of the Campania region, with par-

119 ticular regard to the stability of the volcanic areas, contributing

120 moreover to the detailed knowledge of the Ischia offshore.

1212 Geological setting

122The volcanic areas of the Phlegrean Fields and of the Ischia,

123Procida and Vivara islands share the same tectonic setting

124and a common origin of their alkali–potassic magmas, which

125characterize the Campania volcanoes. These magmas are

126subdivided into an ultra-potassic series (leucitites and leu-

127citic phonolites, in the Somma–Vesuvius volcanic complex)

128and a potassic series (trachybasalts, latites, trachytes and

129phonolites, in the Ischia and Procida islands and in the

130Phlegrean Fields). The whole region pertains to the eastern

131Tyrrhenian margin, located on a thinned continental litho-

132sphere, transitional with respect to the oceanic sectors of the

133Tyrrhenian bathyal plain (Kastens et al. 1986, 1988).

134The lithospheric extension, accompanying the opening of

135the Tyrrhenian basin from Pliocene to recent times, has con-

136trolled a strong vertical kinematic and translational tectonics

137in the upper crust, where the uprising of highly differentiated

138magmas occurred, mostly along Apenninic (NW–SE) and

139anti-Apenninic (NE–SW) structural lineaments. This evi-

140dence among others is testified by the drilling of andesitic

141rocks in the subsurface northward of the Phlegrean area

142(Ortolani and Aprile 1978; Aiello et al. 2011a).

Fig. 2 Seismic grid of Sparker Multitip profiles in the southern Ischia offshore
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143 The Ischia Island extends over a surface of 42 km2 and

144 reaches a maximum height of about 787 m at the Epomeo

145 Mt. (Fig. 4) resulting from the volcano-tectonic uplift of

146 the corresponding caldera during the last 30 ky (Orsi et al.

147 1991; Acocella et al. 1997; Acocella and Funiciello 1999).

148 On the Ischia Island, volcanic deposits resulting from both

149 explosive and effusive eruptions extensively crop out,

150 building volcanic edifices. Some of them are still well

151 preserved, while others are completely eroded or buried

152 (Forcella et al. 1983; Gillot et al. 1982; Luongo et al. 1987;

153 Vezzoli 1988). Also landslide deposits, derived from the

154 accumulation and cementation of fragments of pre-existing

155 volcanic rocks, are widely documented (Guadagno and

156 Mele 1995; Mele and Del Prete 1998; De Vita et al. 2006,

157 2007; Iovino and Perriello Zampelli 2007; Vingiani and

158 Terribile 2007; de Alteriis and Violante 2009).

159 The main volcanologic event is the eruption of the

160 Green Tuffs of the Epomeo Mt. that occurred about 55 ky

161 ago, controlling the downthrowing of the central sector of

162 the island due to the formation of a caldera (Orsi et al.

1631991). The volcanic activity of the island has been influ-

164enced by complex geological processes of calderic resur-

165gence that started about 30 ky ago. The uplift, related to

166this last event, has been evaluated in the order of

167800–1,100 m (Barra et al. 1992a, b).

168Three main eruptive cycles have been distinguished on

169the base on radiometric datations (Civetta et al. 1991),

170considering the trend of both Sr isotopic composition and

171trace elements. Each eruptive period was characterized by

172magmatic fractioning, allowing for compositional varia-

173tions of the volcanic products.

174The first period (55–33 ky BP) started with the eruption of

175the Epomeo Green Tuffs, characterized by ignimbrites,

176which deposited both offshore (in an area actually located in

177the central sector of the island) and now exposed onshore at

178the Epomeo. The subaerial volcanic products of the Epomeo

179Green Tuffs crop out at Monte Vico, Sant’Angelo and along

180the Scarrupata di Barano (Fig. 4; see Fig. 3 for location).

181After their outbreak, the volcanic activity continued with

182several explosive eruptions, lasting up to 33 ky.

Fig. 3 Sketched morphological map of Ischia Island, based on the

geological interpretation of the multibeam bathymetry (Aiello et al.

2009a, modified). Main morpho-structural features and quoted

localities: 1 slope fan; 2 creeping; 3 hummocky facies, corresponding

to debris avalanche deposits; 4 volcanic edifice; 5 calderic rim; 6

depositional terrace rim; 7 slope break; 8 channel levee; 9 retreating

canyon head; 10 retreating shelf break; 11 buried normal fault; 12

drainage axis, and 13 location of seismic profiles
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183 The corresponding volcanites crop out both along the

184 coastal cliffs of Sant’Angelo and Punta Imperatore

185 (southwestern Ischia; Figs. 3, 4) and at Citara and Monte

186 Vico (Citara-Serrara Fontana Formation; Figs. 3, 4). Some

187 authors have differentiated these volcanic products into

188 several lithostratigraphic units, erupted by different vol-

189 canic centers located in the southwestern and northwestern

190 sectors of Ischia (Chiesa et al. 1985; Fig. 4).

191 The second period (28–18 ky BP; Civetta et al. 1991)

192 started with the eruption of the Grotta di Terra volcanic

193 center (28 ky BP), whose products, fed by trachybasaltic

194 magmas, are exposed along the southeastern coasts of the

195 island. The volcanic activity continued up to 18 ky BP. The

196 corresponding volcanites crop out at Grotta del Mavone,

197 Monte di Vezzi, Sant’ Anna, Carta Romana and between

198 Punta Imperatore and Sant’Angelo (Vezzoli 1988; see

199 Fig. 3 for location).

200 The third period began at about 10 ky BP (Civetta et al.,

201 1991) after a relatively long stand of volcanic activity and

202 continued up to historical times, with the so-called Arso

203 lava flow (1302 DC; Vezzoli 1988). This period was

204characterized also by lava domes and by explosive activity,

205generating tuff rings and pyroclastic fall deposits.

206During this period, many eruptive centers were active in

207the Ischia graben, a depression located in the central sector

208of Ischia (Orsi et al. 1994). The Zaro lava flow and the

209pyroclastic deposits cropping out at Punta del Chiarito

210(Vezzoli 1988) pertain to this period of activity.

211The last eruption in the Ischia Island occurred in Feb-

212ruary of 1302, when a crater opened in the Fiaiano area

213(Fig. 3) and large lava flow erupted, from 100 to 500 m

214(Arso lava flow), that reached the beach between the Ischia

215harbor and Ischia Ponte and destroyed the ancient town of

216Geronda. At present, only a fumarolic and hydrothermal

217activity has been registered.

218The tectonics of the island is characterized by NW–SE

219and NE–SW trending extensional faults, Plio-Quaternary in

220age (Acocella and Funiciello 1999; Acocella et al. 2004).

221Field data have been collected to explain both the tectonic

222setting of the Ischia Island, interpreted as a resurgent dome

223uplifted for almost 800 m in the last 33 ky, and the

224deformational patterns related to this resurgence. NW–SE

Fig. 4 Geological sketch map

of Ischia Island (modified after

Gillot et al. 1982; Poli et al.

1987). I scree and mud flows;

II volcanic units younger than

10,000 years (a lava dome;

b crater; c dome); III older

volcanic rocks (between 20,000

and 33,000 years ago); IV Green

Tuff of Mount Epomeo;

V first volcanic complex, now

dismantled (including the first

and the second phase of Ischia

activity); VI faults
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225 and NE–SW trending extensional fault systems predomi-

226 nate all over the island, suggesting a close relationship with

227 the extensional structures of the southern Apennines

228 (D’Argenio et al. 1973; Bigi et al. 1992).

229 Marine exploration of the Ischia offshore showed great

230 improvement in the last 10 years, due to surveys carried

231 out by IAMC-CNR of Naples in the frame of the GNV

232 (National Group of Volcanology) activity and CARG

233 projects. These surveys resulted in a multibeam coverage

234 that allowed the exploration of the whole area surrounding

235 the island (Chiocci and de Alteriis 2006; Aiello et al.

236 2009a, b, 2011b). The Ischia offshore is characterized by

237 several monogenic edifices aligned along the NE–SW

238 system of faults that connects the southeastern sector of

239 Ischia to the island of Procida and to the Phlegrean Fields

240 (de Alteriis and Toscano 2003; de Alteriis et al. 2006).

241 These edifices have been mainly formed through sub-

242 aqueous explosive eruptions, documented by the hialo-

243 clastites from a potassic magma of latitebasaltic-latitic

244 composition (Di Girolamo and Rolandi 1976; Di Girolamo

245 et al. 1984). Marine geophysical surveys revealed col-

246 lapsed volcanic edifices located to the W and SW of the

Fig. 5 Digital elevation model of the Island of Ischia and its offshore

and geological interpretation of the main morpho-structural linea-

ments. BI Ischia Bank, DC Dohrn Canyon, MC Magnaghi Canyon,

CF Campi Flegrei. In the legend: a after de Alteriis et al. 2006; b after

Paoletti et al. 2009; c after de Alteriis and Violante 2009

Table 1 Characteristics of the Multibeam system

SEABAT 8111

Manufacturer Reson

Model SeaBat 8111

Installation Hull mounted

Number of beams 101

Beamwidth across track 1.5�

Beamwidth along track 1.5�

Center-to-center beam separation 1.5�

Max swath 150�

Max swath coverage 7.4 9 water depth

Operating frequency 100 kHz

Pulse length Variable, operator selectable

Depth range 600 m (max scale 1,400 m)

Max ping rate 35 swaths/s

Max vessel speed 20 knots

Stabilization Pitch stabilization within ±10�

Sound probe Reson SVP 25?

Acquisition software PDS2000

Processing software PDS2000
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247 Ischia Island, a sector of the seafloor characterized by

248 strong residual magnetic anomaly fields. A westward sub-

249 merged continuation of the Ischia volcanic structure, rep-

250 resenting a remnant of the emergent top of a larger, E–W

251 trending volcanic complex, has been also inferred, based

252 on marine geophysical data (Bruno et al. 2002).

253 3 Data and methods

254 3.1 Multibeam bathymetry

255 Themultibeam swath bathymetry presented here (Fig. 5) was

256 carried out in September toNovember 2001, by using a Reson

257 Seabat 8111 Multibeam sonar system, which works properly

258 in the 50–600 m depth range, onboard the Thetis R/V.

259 The multibeam system, interfaced with a differential

260 global positioning system (DGPS), mounted on the keel of

261 the ship, was composed of a ping source of 100 kHz, 150�

262 for the whole opening of the transmitted pulse and a 101

263 beams receiver, with a beam opening of 1.5�. Sound

264 velocity profiles (CTD) were regularly recorded and

265 applied every 8 h (Table 1).

266 The data were processed by using the PDS2000 software

267 (Reson-Thales), according to the IHO standard (IHO

268 1998), with a real-time acquisition control and partial beam

269 exclusion filtering (particularly for what concerns lateral

270 beams) applied to the bathymetric data directly onboard.

271 Subsequently, the off-line swath editing and de-spiking

272 were carried out. The digital terrain model (DTM) gener-

273 ation and rendering of the whole dataset were reorganized

274 in a MXN matrix (DTM) having a grid cell of 20 9 20 m.

275 3.2 Seismic sections

276 Seismic acquisition was carried out using a multielectrode

277 sparker system (SAM96 model). The advantages of the

278 Multitip Sparker include shorter pulse lengths for an

279 equivalent energy discharge, as well as an increase in peak

280 pressure, i.e., the amplitude of the outgoing acoustic wave.

281 The sparker source used in this survey generated 200 J in

282 the 200–2,000 frequency range.

283 Ship positioning was determined using a GPS system

284 with an accuracy of 1 m. All seismic sections were

285 recorded graphically on continuous paper sheets with a

286 vertical recording scale of 0.25 s. The best vertical reso-

287 lution was approximately 1 m for the sparker data.

288 This seismic grid covering the southeastern sector of

289 Ischia Island facilitated the stratigraphic correlations

290 between seismic sections and revealed structural and

291 stratigraphic variations along the seismic lines.

292 The proposed stratigraphy derives from the type of data

293 utilized in marine geology (reflection seismics) and from

294the methods of seismic interpretation (high-resolution

295sequence stratigraphy). The geological structures recog-

296nized through the seismic interpretation are acoustically

297transparent seismic units, representing the volcanic

298acoustic basement and the systems tracts of the Late

299Quaternary depositional sequence (SDTQ, in Fabbri et al.

3002002). The depositional systems, referred respectively to

301the sea-level fall (FST; Helland-Helland Hansen and

302Gjelberg 1994), sea-level lowstand (LST) and related

303internal subdivisions (Posamentier et al. 1991), transgres-

304sive phase (TST; Posamentier and Allen 1993; Trincardi

305et al. 1994) and sea-level highstand (HST), have been

306identified in the Late Quaternary depositional sequence of

307the Ischia offshore through seismo-stratigraphic analysis

308(Fig. ESM2—Online Resource 2).

3094 Seismo-stratigraphic results

3104.1 Seismic stratigraphy: applications to the Ischia

311volcanic complex

312The seismic stratigraphy is an analytical methodology for

313the subsurface geological survey (Vail et al. 1977; Mit-

314chum et al. 1977). It was developed from the end of the

3151970s of the last century and particularly applied to the

316analysis of continental margins. The seismo-stratigraphic

317analysis is based on the recognition of the lower and upper

318terminations of seismic horizons and of their geometries

319(onlap, erosional truncation, downlap, toplap) with respect

320to the main unconformities bounding specific intervals

321defined ‘‘depositional sequences’’ (type 1 or type 2

322sequence boundaries, according to Vail et al. 1984). This

323approach offers the opportunity to reconstruct the tectono-

324stratigraphic evolution of a sedimentary basin in relation to

325relative sea-level oscillations.

326In the case of the Ischia Island, the occurrence of isolated

327volcanic bodies (intrusions, domes, volcanic necks and

328tabular, acoustically transparent seismic units) makes the

329sequence stratigraphic approach particularly complex for the

330geological interpretation of seismic profiles. While the vol-

331canic bodies (i.e., lava flows, domes, intrusions) cannot be

332internally investigated by the reflection seismics because

333they are acoustically transparent, the seismic facies of the

334pyroclastic edifices and/or buried pyroclastic deposits may

335be on the contrary detected, due to their internal stratifica-

336tion. The marine sedimentation includes both the contribu-

337tion of alluvial and marine sediments and the input of

338volcanites and volcaniclastic deposits originating from the

339eruptions of Ischia and Procida volcanic complexes.

340According to the interval velocities already established

341(D’Argenio et al. 2004; Aiello et al. 2005, 2011b; Di Fiore

342et al. 2011), the thickness of the Pleistocenic–Holocenic
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343 marine sediments in the Ischia offshore varies from 0.4 to

344 0.5 s twt (corresponding to about 340–425 m) to the north

345 of the Ischia and Procida islands, to 0.2–0.3 s twt (corre-

346 sponding to about 170–255 m) in the western Ischia off-

347 shore, while the sedimentary drapes, along all the southern

348 continental slope of the island, reach several tens of meters.

349 Based on the seismic data discussed in this paper, the

350 stratigraphic architecture of Ischia–Procida marine deposits

351 has been interpreted in terms of systems tracts of the Late

352 Quaternary depositional sequence. The external geometry

353 and seismic facies, together with the identification of a

354 downlap (flooding) surface, support the interpretation of

355 part of the seismic sequences as TST deposits. The Ischia–

356 Procida TST sediments are characterized by fillings with

357onlap geometries on the flanks and on the top of the

358underlying volcanic units. Some of the upper intervals are

359instead interpreted as HST deposits, characterized by par-

360allel-to-slightly prograding seismic reflectors, downlapping

361the underlying flooding surface.

3624.2 Geologic interpretation of seismic profiles

3634.2.1 Seismic profile L27 (north Ischia)

364In the northern offshore of Ischia, a simplified stratigraphic

365scheme based on the interpretation of a high-resolution

366seismic profile has been drawn up (L27; Aiello et al.

3672009a; Fig. 6). It is briefly discussed here to clarify our

Fig. 6 Seismic profile L27 recorded offshore northern Ischia by

Sparker Multitip seismic source and corresponding geologic inter-

pretation (after Aiello et al. 2009a). The line runs from the continental

shelf off Casamicciola (northern Ischia), toward the northern offshore

Ischia. Forced regression prograding wedges characterize the

stratigraphic architecture of the continental shelf (FST). Two

superimposed wedges of chaotic deposits suggest a multi-phase event

in the evolution of the debris avalanche off Casamicciola (H1 and

H2).Note that three seismic units, separated by regional unconformi-

ties, occur in the basin filling
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368 geological understanding of the Casamicciola hummocky

369 deposits and related debris avalanches.

370 The Sparker L27 line runs from the continental shelf, off

371 Casamicciola (northern Ischia; Fig. 3), toward the northern

372 slope of Ischia into the Tyrrhenian Sea (Fig. 1). Forced

373 regression prograding wedges (FST), pertaining to the Late

374 Quaternary depositional sequence, have been identified on

375 the continental shelf. Debris avalanche deposits (Casa-

376 micciola debris avalanche; Budillon et al. 2003a; Aiello

377 et al. 2009a; de Alteriis and Violante 2009), having a

378 wedge-shaped external geometry and chaotic facies, are

379 arranged into two distinct, superimposed bodies (H1 and

380 H2, Fig. 8). The hummocky deposits formed during two

381 main, distinct volcano-tectonic events occurring on the

382 continental shelf off Casamicciola. The two bodies, H1 and

383 H2, are characterized by facies hetheropy with the upper

384 seismic unit of the basin filling (unit E, Fig. 6).

385 The lower seismic unit of the basin filling is character-

386 ized by reflectors having a parallel seismic facies and

387 shows bidirectional onlaps in correspondence of depres-

388 sions formed at the top of the underlying seismic unit (unit

389 C, Fig. 6).

390 The intermediate seismic unit of Ischia northern off-

391 shore (unit D, Fig. 6) is characterized by parallel-to-sub-

392 parallel seismic reflectors. This unit shows a strong

393 wedging in correspondence to a normal fault (fossilized by

394 the erosional unconformity located at the top of the unit)

395 and facies hetheropy with the upper part of dome-shaped,

396 buried volcanic structures (unit V2, Fig. 6).

397 The upper seismic unit of the basin filling, off northern

398 Ischia Island (unit E, Fig. 6), is characterized by parallel-

399 to-subparallel seismic reflectors and, locally, by prograding

400 clinoforms. The unit is slightly downthrown by a normal

401 fault and shows facies hetheropy with the lower part of

402 dome-shaped buried volcanic structures (unit V2, Fig. 6). In

403 addition, even if the vertical displacement of the unit E by the

404 normal fault is negligible, the occurrence of the fault is

405 suggested by both the seismic facies (since the seismic

406 reflectors are disrupted) and by the strong thickness variation

407 of the unit E toward the northern Ischia offshore (Fig. 6).

408 Moreover, based on seismo-stratigraphic evidence, the

409 suggested fault line represents a preferential way for the

410 emplacement of the volcanic domes of Casamicciola (unit

411 V2, Fig. 6). These dome-shaped volcanic edifices are int-

412 erstratified in both the lower and the intermediate seismic

413 units of the basin filling (Fig. 6).

414 Dome-shaped volcanic edifices are in lateral contact

415 with the lower seismic unit of the basin filling (unit C) and

416 partly with a second unit (unit D). The volcanic bodies are

417 suturated by the erosional truncation at the top of unit D

418 (Fig. 6). An undetermined volcanic unit off Casamicciola,

419 corresponding to the acoustic substratum (unit V1; Fig. 6),

420 has been also identified. The volcanic acoustic basement

421shows seismic facies hetheropy with the unit C of the basin

422filling (Fig. 6) and is eroded at the top by a subaerial

423unconformity.

4244.2.2 Seismic profile L57 (southeastern Ischia)

425The seismic profile L57 crosses the southeastern and the

426eastern sectors of Ischia (Fig. 2). The line runs from the

427volcanic structure of the Ischia Bank to the Ischia Channel

428(Fig. 7), where it crosses ‘‘Il Pertuso’’ volcanic edifice and

429reaches the Procida continental shelf. The seismo-strati-

430graphic analysis has allowed the identification of volcanic

431and sedimentary seismic units. A volcanic acoustic base-

432ment (unit V2-B1 Fig. 7), characterized by an acoustically

433transparent seismic facies, indicates the occurrence of lavas

434and pyroclastites genetically related to the main morpho-

435structure of the Ischia Bank. FST deposits have been

436identified on both the slopes of the bank (Fig. 7). The top

437of the volcanic structure is overlain by a thin drape of

438bioclastic sands and gravels, cropping out at the sea

439bottom.

440The unit of Ischia Channel (unit V3-CI, Fig. 7) is made

441of pyroclastites and lavas genetically related to relic hyd-

442romagmatic volcanic edifices of eastern Ischia, presumably

443older than the Vivara Volcano (Scandone et al. 1991; de

444Alteriis et al. 1994). Another volcanic seismic unit, prob-

445ably pyroclastic in nature, underlies the marine deposits of

446the Ischia Channel (volcanic unit, uncertain attribution,

447Fig. 7). In correspondence to the ‘‘Il Pertuso’’ volcanic

448structure, this unit appears in lateral contact with the vol-

449canic sequence of the Ischia Channel (unit V3-CI, Fig. 7).

450Proceeding toward the Procida shelf, the V3-CI volcanic

451sequence grades laterally into a relic wedge, probably

452Pleistocene in age, characterized by prograding clino-

453forms.(Fig. 7). This wedge is overlain by a pyroclastic unit,

454onlapping depressions and channel-type erosional mor-

455phologies, genetically related to the last eruptive phases of

456the Procida Island.

4574.2.3 Seismic profile L50 (southwestern Ischia)

458The seismic profile L50 crosses the southwestern offshore of

459the Ischia Island, from the continental shelf, west of Punta

460Imperatore, to the continental slope located southward of

461Capo Negro (Fig. 2). The line meets three main submarine

462canyons (Fig. 8), pertaining to the southern Ischia canyon

463system, respectively, located at water depths of 173 m

464(canyon 1), 240 m (canyon 2) and 285 m (canyon 3). The

465three canyon thalwegs are bounded by levees that may

466evolve into extensive channel–levee complexes.

467A volcanic acoustic basement has also been identified

468(Fig. 8), dipping from the continental shelf off Punta Im-

469peratore toward the southwestern Ischia offshore. Based on
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470 land–sea correlation, this basement could be linked to the

471 lavas cropping out at Punta Imperatore (southwestern

472 Ischia), represented by alkali–trachytic gray lavas, dating

473 to about 116–123 ± 6 ky (Vezzoli 1988). The top of the

474 volcanic acoustic basement appears strongly incised,

475 probably in a subaerial environment.

476 A wide pyroclastic edifice has been recognized, buried

477 in the continental shelf (Fig. 8). This edifice is interstrati-

478 fied in the FST deposits, recognized on the continental

479 shelf off Punta Imperatore, where Quaternary sediments

480 are truncated by an erosional unconformity, overlain by

481 thin highstand deposits.

482 A relic Pleistocene prograding wedge has also been

483 identified in correspondence to the western canyon, off-

484 shore southwestern Ischia, where it overlies the volcanic

485 acoustic basement corresponding to the Punta Imperatore

486 lavas. This wedge is overlain by a marine seismic unit,

487 which seems to be syntectonic, since it appears to be

488 deposited during the activity of the normal fault down-

489 throwing the volcanic acoustic basement.

4904.2.4 Seismic profile L36 (southwestern Ischia)

491The seismic profile L36 runs from the continental shelf of

492Punta Imperatore (south-western Ischia) toward the conti-

493nental slope (Tyrrhenian Sea), where an inclined volcanic

494acoustic basement has been identified. A thin sedimentary

495drape covers the acoustic basement in the whole conti-

496nental slope, where a thick sedimentary unit has been

497recognized at the toe of slope, probably related to slope

498deposits. On the continental shelf, HST, TST and LST

499deposits have been identified (Fig. 9).

5004.2.5 Seismic profile L38 (southwestern Ischia)

501The seismic profile L38 (Fig. 10) crosses the southwestern

502Ischia offshore (Forio d’Ischia) toward the southwestern

503Ischia slope (Figs. 1, 2). In particular, the section has been

504recorded on the continental shelf off Grotta del Mavone (Fig.

505ESM3—Online Resource 3), one of the largest cavities of

506Ischia (D’Ambra 1992). This cavern is located in the

Fig. 7 Seismic profile L57 located in the southeastern and eastern sectors of the Ischia Island (Ischia Bank—Il Pertuso volcanic edifice—Procida

continental shelf) and its geologic interpretation
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507 homonymous bay, next to the Campotese wood (Forio

508 d’Ischia; Fig. ESM3—Online Resource 3). Off the Grotta del

509 Mavone, the continental shelf is narrow and the depositional

510 shelf break is located at 35/40 m (Fig. 10). The continental

511 slope is steep and shows hints of mass wasting. The seismo-

512 stratigraphic analysis allowed to identify a volcanic acoustic

513 basement under the continental slope, genetically related to

514 theGrotta delMavone lavadomes and adjacent volcanic rocks

515 (Fig. 10). The stratigraphic architecture of the continental

516 shelf is characterized by the Late Quaternary depositional

517 sequence (progradational HST, TST and HST deposits).

518 4.2.6 Seismic profile L39 (southern Ischia—Punta del

519 Chiarito)

520 The seismic profile L39 crosses the southern Ischia off-

521 shore (Punta del Chiarito) toward the southern Ischia slope

522 (Figs. 1, 2). A volcanic sequence of well-stratified deposits

523 crops out between Punta del Chiarito and Punta S. Angelo

524 (Vezzoli 1988). It is formed of tuffs and pumiceous lapilli

525as well as by pomiceous tuffs and breccias, originating

526from pyroclastic fluxes and surges and attributed to the

527Faro di Punta Imperatore Formation. Dome-shaped com-

528ponents of the volcanic basement crop out at the sea bottom

529of the inner shelf at about 30 m bsl (Budillon et al. 2003b).

530At Punta del Chiarito and Capo Negro, the products of

531explosive eruptions are associated with the lavas. These

532products are overlain by lava accumulations that, being

533resilient to the volcanic eruptions more than other materials,

534have originated the three promontories (Punta del Chiarito,

535Capo Negro and Punta San Pancrazio).

536The seismo-stratigraphic analysis of the L39 seismic

537section (Fig. ESM4—Online Resource 4) has revealed the

538occurrence on the continental slope of the volcanic acoustic

539basement, genetically related to the Punta del Chiarito lava

540dome (eruptive center of Monte Sant’Angelo). This sub-

541stratum is unconformably overlain by a wide relic pro-

542grading wedge, probably Middle–Late Pleistocene in age.

543On the slope a thick wedge of Holocene deposits uncon-

544formably overlies the relic progradational unit. On the

Fig. 8 Seismic profile L50, located in the southwestern sector of Ischia Island and corresponding geologic interpretation. Note the occurrence of

three main canyons, pertaining to the southern Ischia canyon system
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545 continental shelf, the TST deposits are characterized by

546 retrogradational patterns and are unconformably overlain

547 by HST deposits, with progradational geometries.

5484.2.7 Seismic profiles L41, L42 and L43

549(southern Ischia—Maronti)

550Three seismic profiles have been recorded off the Maronti

551littoral belt and toward the continental slope (Figs. 1, 2),

552which in this sector appear steeper than in the adjacent

553offshore areas of southern Ischia (Fig. 11). The seismic

554profile L41, recorded in the western Maronti sector, shows

555in continuity the volcanic acoustic basement from the shelf

556to the slope (Fig. 11a). A lava dome, buried below

557300–360 m of volcaniclastic deposits, has been identified.

558TST and HST deposits characterize the stratigraphic

559architecture of the narrow continental shelf. The steep

560slope is draped by a Holocene wedge thickening from 180

561to 360 m of water depth.

562The seismic line L42 has been recorded in the center of

563the bay (Fig. 11b) and similar seismo-stratigraphic units

564have been recognized on the L42 line. The volcanic

565acoustic substratum crops out along the slope under a thin

566Holocenic drape, while a relevant canyon’s head has been

567recognized on the upper slope.

568The seismic profile L43 has been recorded in the eastern

569Maronti sector (Fig. 11c). The stratigraphic architecture of

570the narrow shelf is characterized by LST, TST and HST

571deposits. On the upper slope, a rocky terraced surface has

572also been recognized, at water depths ranging from 140 to

573180 m, while a canyon head has been recognized at the

574foot of the slope. Also in this case, on the narrow conti-

575nental shelf, LST, TST and HST deposits have been

576identified.

5774.2.8 Seismic profiles L44, L45 and L46 (southern Ischia—

578Barano)

579The seismic profiles L44, L45 and L46 have been recorded

580in the Barano Bay (Figs. 1, 2) in correspondence to the

581Scarrupata di Barano (Fig. 12). This area has been recently

582studied in detail through geophysical techniques, which

583have been applied to the landslide of Monte Di Vezzi

584(Di Maio et al. 2007) that occurred in April 2006 involving

585the northern slope of Ischia (Di Nocera et al. 2007). The

586Monte di Vezzi belongs to a ridge stretching in a counter-

587Apenninic (NE–SW) direction, bordered to the southeast

588by a regional normal fault that also originated in the Ischia

589graben (Vezzoli 1988). The succession of volcanic events

590is represented along the outcrop of the Scarrupata di Bar-

591ano marine cliff (Vezzoli 1988; Di Maio et al. 2007; Fig.

592ESM5—Online Resource 5). In the stratigraphic section,

593domes and lava flows of the pre-Green Tuff activity crop

594out (La Guardiola lavas, upper and lower Scarrupata di

595Barano Formation, domes and lava flows of Monte di

596Vezzi). During the eruptive phases of the post-Green Tuff

597cycles, these lavas have been covered by the products

Fig. 9 Seismic profile L36, located in the southwestern sector of

Ischia Island and its geologic interpretation. The profile runs from

west to east in the southwestern Ischia offshore. Depth conversion on

the right applies to the sea bottom
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598 derived from several pyroclastic eruptions of other centers,

599 as follows: (a) Monte di Vezzi—not welded pumice flows

600 from the Monte Epomeo Green Tuff; (b) S.Costanzo For-

601 mation, made up of well-stratified, whitish tuffs with

602 pumices and lapilli; (c) Monte di Vezzi Formation, con-

603 sisting of bedded pumice fall breccias and brown scoria-

604 ceous layers; and (d) Piano Liguori Formation, made of

605 interbedded white ashes and pumice layers.

606The seismic profile L44 (Fig. 12a) has been recorded in

607the western Barano sector. Here, a narrow continental shelf,

608characterized by the Late Quaternary depositional sequence

609(LST, TST and HST deposits) grades into the Scarrupata di

610Barano, ranging in depth between 100 and 540 m. The vol-

611canic acoustic substratum is very thick and appears orga-

612nized into two main seismic units (Barano 1 and Barano 2

613seismic units) separated by an erosional unconformity. They

Fig. 10 Seismic profile L38 located in the southwestern sector of Ischia Island, offshore the Grotta del Mavone cavity and its geologic

interpretation
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614 should be genetically related with the upper and lower

615 Scarrupata di Barano formations, both composed of tuffs and

616 tuff-breccias. A thick seismic sequence, characterized by

617 channel–levee complexes and deposited at the toe of the

618 Scarrupata di Barano, has been also recognized at water

619 depths between 300 and 540 m. Here, the upper slope is

620 characterized by a thin Holocene drape, overlying the vol-

621 canic substratum of the Barano 1 unit.

622 The seismic profile L45 (Fig. 12b), recorded in the central

623 Barano sector, shows a volcanic substratum, organized into

624the already mentioned, acoustically transparent seismic

625sequences Barano 1 and Barano 2. A submarine canyon

626incises the volcanic deposits of the Barano 1 sequence at

627water depths of 360 m. In correspondence with the canyon, a

628normal fault downthrows the volcanic deposits.

629Downslope, at water depths ranging between 360 and

630440 m, a thick seismic sequence deposited at the foot of the

631Scarrupata di Barano and characterized by channel–levee

632complexes has been observed.

633Finally, the seismic profile L46 (Fig. 12c), recorded in

634the eastern Barano sector, has shown a buried pyroclastic

635volcanic edifice, interstratified with the highstand sedi-

636ments, while the transgressive deposits correspond to a thin

637retrogradational sequence. The lowstand deposits are

Fig. 11 Seismic profiles L41 (a), L42 (b) and L43 (c) recorded off

the Maronti coastal area and its geologic interpretation

Fig. 12 Seismic profiles L44 (a), L45 (b) and L46 (c) recorded off

the Scarrupata di Barano and its geologic interpretation
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638 characterized by prograding reflectors, erosionally trun-

639 cated at their top. In the same Barano sector of the conti-

640 nental slope, a thick turbidite sequence occurs, showing

641 parallel reflectors with an interstratified landslide, evi-

642 denced by disrupted and chaotic seismic reflectors.

643 4.2.9 Seismic profile L47 (southeastern Ischia)

644 The seismic profile L47 has been recorded from the Punta

645 San Pancrazio offshore toward the Tyrrhenian Sea

646 (southeastern Ischia continental slope, Fig. 1) at water

647 depths ranging between 50 and 360 m (Fig. ESM6—

648 Online Resource 6). The oldest products cropping out

649 onshore testify that an explosive activity occurred in cor-

650 respondence to this corner of the island. They are made of

651 pumices and scorias (‘‘Formazione di Carrozza’’), forming

652 the internal structure of Monte di Vezzi and crop out along

653 the slope toward the San Pancrazio beach.

654 Three main explosive phases followed, whose products

655 represent the lower interval of the Scarrupata di Barano.

656 They are represented by about 100 m of pyroclastic flow

657 deposits, with ashes including pumices. Seismic stratigra-

658 phy features are similar to those observed in the Barano

659 area (Figs. 12, ESM6—Online Resource 6). Also, the

660 volcanic acoustic basement is organized into two main

661 seismic units (Barano 1 and Barano 2), separated by an

662 erosional unconformity.

663 A wide palaeo-canyon has been recognized at the top of

664 the volcanic units. It is filled with pyroclastic deposits,

665 characterized by acoustic facies from transparent to cha-

666 otic. A marine turbidite seismic sequence, characterized by

667 parallel-to-progradational reflectors, crops out at the sea

668 bottom. The San Pancrazio canyon has been clearly rec-

669 ognized on this seismic line. The thalweg of the canyon

670 reaches a present water depth of about 150 m. On the flank

671 of the canyon, a leveed seismic sequence develops.

672 4.2.10 Seismic profile L51 (Ischia–Procida)

673 The seismic profile L51 has been recorded in the eastern

674 Ischia offshore, starting from the Tyrrhenian slope toward

675 the Magnaghi canyon (Fig. 13). The line continues in the

676 Ischia Channel, crossing I Ruommoli volcanic edifice and

677 terminates in correspondence of the Aragonese Castle

678 (Ischia Ponte). The Ischia Channel separates the Ischia

679 Island from the Vivara inlet and represents the narrowest

680 entry into Naples Bay, linking the latter to the Gaeta Gulf.

681 The channel extends in an NW–SE direction with a mini-

682 mum width of about 2.35 km between the inlet of Arago-

683 nese Castle and Punta D’Alaca, the western margin of the

684 Vivara inlet (Figs. 1, 2). Sea bottoms have generally a low

685 water depth, reaching a maximum at about 14–15 m in the

686 narrowest point between the two islands. The so-called

687‘‘Formiche di Vivara’’ becomes visible: a group of rocky

688inlets or non-emerging rocky outgrowths on the sea bot-

689tom, representing the uplifted part of a saddle reaching

6904–5 m of water depth. A volcanic substratum, of uncertain

691attribution, underlies the volcanic unit of ‘‘I Ruommoli’’,

692formed by two mound-shaped coalescent volcanic edifices

693(Fig. 13). The corresponding seismic unit, acoustically

694transparent, is herein called RM volcanic unit. It is

695unconformably overlain by the V3-CI unit, (volcanic unit

696of the Ischia Channel) whose top is eroded by a subaerial

697unconformity, giving rise to small intra-platform basins,

698infilled by the TST deposits. On the eastern continental

699shelf of Ischia, from the Aragonese Castle to the Ischia

700Channel, highstand deposits appear to be well developed

701and range in average thickness between 40 and 20 m.

Fig. 13 Seismic profile L51 recorded between the Ischia Channel

and the Procida continental shelf and its geologic interpretation
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702 5 Seismo-stratigraphy and Ischia geologic evolution

703 Volcanic complexes occurring in the subsurface of the

704 Ischia and Procida islands and linked to their eruptive

705 phases evidence a significant submarine instability. It is

706 worth recalling here that the Ischia offshore is character-

707 ized by alkali–potassic volcanic rocks (trachytes, latites,

708 alkali-basalts) and pertains to a volcanic complex emplaced

709 during the last 55 ky. Accordingly to Chiesa et al. (1985)

710 and Poli et al. (1987), the eruptive activity of the Ischia

711 Island may be subdivided into four main phases:

712 1. Prior to 150 ky BP: emplacement of pyroclastic

713 products and intercalated lava flows, without clear origin, if

714 from a single or from multiple volcanic sources.

715 2. From 150 to 75 ky BP: extensional tectonics giving

716 rise to the growth of numerous lava domes and the pro-

717 duction of pyroclastic materials. The semicircular distri-

718 bution of the domes seems to indicate the presence of a

719 caldera rim. These first two phases suggest an ancient

720 volcanic complex, probably much larger than the present

721 Ischia Island and now almost completely dismantled, pre-

722 dating the eruption of the ignimbritic tuffs of Mount

723 Epomeo.

724 3. From 55 to 20 ky BP: emplacement of the Monte

725 Epomeo Green Tuff, an ignimbrite which covered the

726 coastal relief and filled the depression at the center of the

727 island. The volcanic vent opened in the southern sectors of

728 the island and the eruptive activity continued in several

729 volcanic centers (Citara-Serrara Fontana Formation, Ritt-

730 mann 1930). The last activity resulted in mostly lavas that

731 occurred at the Campotese volcano.

732 4. From 10 ky BP to 1302 AD: in this phase, the eruptive

733 activity was mainly concentrated in the Ischia graben. This

734 structure is clearly identified both by the faults generated

735 during the rapid uplift of the volcano-tectonic horst of

736 Mount Epomeo and by NE–SW (counter-Apenninic)

737 trending normal faults. The Zaro lava flow (1302 AD) was

738 the only eruption outside the Ischia graben (Fig. 4). This

739 phase is characterized by lava flows and by a minor fall-out

740 of pyroclastic deposits from monogenic volcanoes.

741 The geological interpretation of the marine DEM

742 (Figs. 3, 5) and of high-resolution seismic reflection pro-

743 files allowed us to identify important, often multi-phase,

744 submarine instability processes, both catastrophic (debris

745 avalanches; Fig. 6) and continuous (creep and accelerated

746 erosion along canyons; Fig. 8).

747 Debris avalanches, occurring on the northern, western

748 and southern submerged flanks of Ischia Island (Figs.

749 ESM1—Online Resource 1, 6), are mainly controlled by

750 the volcano-tectonic uplift of the Mount Epomeo block,

751 related to a calderic resurgence during the last 30 ky

752 (Walzer 1984; Orsi et al. 1991; Acocella and Funiciello

753 1999; Acocella et al. 2004). The most important among

754them is the Ischia Debris Avalanche (IDA), having south-

755ward dispersal axes and transporting large blocks up to

75640–50 km away from the island (Chiocci and de Alteriis

7572006). The origin of this event has been attributed to a

758land–sea catastrophic collapse, involving the southern flank

759of the island, confirmed by the large scar of southern

760Ischia, well evident on the DEM (Chiocci and de Alteriis

7612006). Our volumetric evaluation of the IDA, based on

762DEM analysis, has given values in the order of 1.5 km3,

763coherent with those estimated by Chiocci and de Alteriis

764(2006) on the basis of seismic profiles and piston cores.

765Differently from the IDA, the hummocky facies,

766occurring on the western flank of the island (Fig. ESM1—

767Online Resource 1) and on the northern side of the Casa-

768micciola harbor (Fig. 6), do not appear to be related to

769evident slide scars. The complex topography of the sea

770bottom shown by multibeam bathymetry highlights the

771occurrence of heterometric blocks, reaching a size of sev-

772eral hundred meters across, fallen along the slopes and

773interstratified within a sandy–silty matrix. The matrix

774derives both from the volcaniclastic sediments, originally

775deposited on the slopes, and from the failure of sediments

776previously accumulated on the inner shelf. The debris

777avalanche deposits are only partly covered by recent mar-

778ine sediments, pointed out by the interpretation of Sidescan

779Sonar photomosaics (Fig. ESM1—Online Resource 1).

780Seismic reflection profiles also suggest that both the

781deposits occurring off Casamicciola (northern Ischia;

782Fig. 6) and Forio (western Ischia; Fig. ESM1—Online

783Resource 1) may be the result of two distinct, superim-

784posed and catastrophic events (Aiello et al. 2009b).

785Relevant canyon systems have been observed in the

786Ischia offshore, through multibeam bathymetry. The main

787canyon’s heads are located in the northwestern Ischia off-

788shore (‘‘Testata di Punta Cornacchia’’, ‘‘Canalone di Fo-

789rio’’; Fig. 1). The southern slope of Ischia, characterized by

790abrupt slopes, mainly showing the volcanic deposits of the

791old eruptive cycles, is incised by many submarine canyons.

792In particular, the seismic profile L50 (Fig. 8) has shown

793three main submarine canyons, pertaining to the southern

794Ischia canyon system and, respectively, located between

795Punta Imperatore and Capo Negro. Their NE–SW trend

796indicates a possible structural control along NE–SW

797(counter-Apenninic) structural lineaments. This is coherent

798with previous structural studies suggesting the occurrence

799of Plio-Quaternary NW–SE and NE–SW trending exten-

800sional fractures (Acocella and Funiciello 1999).

801On the southwestern border of the Ischia volcanic dome,

802small NW–SE extensional faults, with throws in the order

803of 1 m, are widespread (Acocella and Funiciello 1999),

804while larger faults with the same trend and dipping to the

805NE form high-angle reverse faults with throws in the order

806of several hundred of meters. These faults, evident at about
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807 1 km NW of Serrara Town and detected in the field, are

808 connected with the fault system active during the dome

809 uplift (Acocella and Funiciello 1999). The above fault zone

810 borders the dome and extends into the volcanic deposits

811 older than the Green Tuff of the Epomeo Mt., through the

812 Panza and Campotese vents. It coincides with an extended

813 fault scarp, characterized by gravimetric and Rn-anomalies

814 and by fumarolic activity (Maino and Tribalto 1971;

815 Nunziata and Rapolla 1987; Vezzoli 1988).

816 Large submarine canyons occur also off the Maronti

817 Bay (southern Ischia; Fig. 11a–c). They exhibit a dominant

818 N–S trend and begin in correspondence to some embay-

819 ments of the shelf break, more retreated than in the adja-

820 cent sectors of the southern offshore. A long canyon starts

821 from the Punta San Pancrazio promontory (southwestern

822 Ischia) and another one from the Ischia Bank volcanic

823 edifice. Moreover, the N–S trend of the Maronti canyons

824 seems to suggest a structural control on these incisions. The

825 N–S fractures located at the borders of the resurgent blocks

826 also suggest that the above structures are related to the

827 caldera resurgence.

828 These systems may be considered as connecting frac-

829 tures, locally accommodating the displacement of the pre-

830 existing regional faults during the resurgence (Acocella

831 and Funiciello 1999). Finally, it has to be mentioned that an

832 important regional normal fault, NE–SW trending, starts

833 from Maronti and extends along the whole southwestern

834 sector of the island, up to Ischia Ponte (Aragonese Castle),

835 and bounds to the southeast the Ischia graben.

836 6 Final remarks

837 The main seismic sequences of the southeastern Ischia

838 offshore have been restored through the geological inter-

839 pretation of high-resolution (Sparker) seismic reflection

840 profiles. Regional seismic sections have been assembled

841 based on their geologic interpretation to improve the

842 understanding of the structural and stratigraphic charac-

843 teristics of the island offshore and taking into account the

844 volcanology and the stratigraphy of the onshore sequences

845 (Vezzoli 1988; Orsi et al. 2004; Brown et al. 2008) for a

846 coherent geological interpretation.

847 To this purpose, the southwestern Ischia offshore,

848 between Punta Imperatore and Sant’Angelo promontories,

849 has been investigated analyzing five seismic sections,

850 perpendicular to the shoreline (L36, L37, L38, L39 and

851 L40; Figs. 9, 10, ESM4—Online Resource 4) and one tie

852 section (L50; Fig. 8). In this sector, the Ischia continental

853 shelf is very narrow and the Late Quaternary deposits are

854 thin and restricted sideway. The shelf break, however,

855 seems to be depositional. The most important seismic unit

856 detected in this sector is the volcanic acoustic basement,

857cropping out on the slope below a thin Holocene sedi-

858mentary drape, genetically corresponding to the Punta

859Imperatore lavas (Fig. 8). Continental slope deposits,

860ranging in age from the Late Pleistocene to the Holocene,

861have also been recognized.

862Based on the most recent literature, the following

863sequence of events may have occurred at Punta Imperatore

864promontory: (a) alkalitrachytic lavas (117 ky BP) cover

865(b) a pyroclastic breccia emplaced before the (c) Monte

866Epomeo Green Tuff (Brown et al. 2008). The above

867breccia is overlain by a (d) thick pumice fall breccia, with

868several intercalated scoria layers. A whitish ignimbrite (e),

869related to the Epomeo Green Tuff eruptions, follows and

870fills a small valley cut into thick fall deposits (Orsi et al.

8712004). On the southern slope of the promontory, this

872sequence is unconformably covered by (f) the products of

873the Scarrupo di Panza eruption, and by (g) the pyroclastic

874units of the 28–18 ky period of Ischia volcanic activity.

875A new pyroclastic stratigraphy by Brown et al. (2008)

876for the Ischia Island covers the period from 75 to 50 ky BP.

877Their volcanological data indicate that during this period,

878the largest eruptions recorded on the island occurred. So, as

879to its early volcanism, Ischia appears considerably more

880active than previously thought. In particular, the stratigra-

881phy of the volcanic sequences cropping out at Punta Im-

882peratore has been deeply revised. In the basal part of these

883sequences outcropping the coastal cliffs, (a) lavas aged

884about 118 ky BP (Vezzoli 1988) have been identified. They

885are overlain by (b) undifferentiated pumice fall deposit,

886whose age is uncertain.

887These latter deposits are in turn unconformably overlain

888by (a) the Monte Epomeo Green Tuffs (MEGT in Brown

889et al. 2008) consisting of heterolithic pyroclastic breccias

890and ignimbrites; (b) the La Roia Tephra, consisting of well-

891sorted, graded pumice lapilli, overlying a paleosol devel-

892oped in the above extracaldera MEGT lithic breccia and

893passing up into (c) a paleosol overlain by distal ashfall

894deposits of the Chiummano Tephra. They are covered by

895(d) the Schiappone Tephra, consisting of pumice fall

896deposits covered by (e) ignimbrites, which in turn are

897overlain by (f) the Citara Formation (45 ky BP; Vezzoli

8981988).

899On the L38 seismic profile, the volcanic acoustic base-

900ment, outcropping on the southwestern submarine slope of

901Ischia, is quite thick and genetically related to the Grotta

902del Mavone lavas (Fig. 10). On the continental shelf, the

903HST deposits appear well developed and the shelf break

904seems to be depositional.

905At the base of the Grotta del Mavone promontory, alk-

906alitrachytic lavas (28 ky BP) are exposed (Orsi et al. 2004).

907On the coastal cliff between Grotta del Mavone (Fig.

908ESM3—Online Resource 3) and Punta Imperatore, a

909stratigraphic section through the Scarrupo di Panza volcano
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910 is exposed. It consists of a thick sequence of intensely

911 welded scoriae, while at Grotta del Mavone (toward the

912 south) and at Punta Imperatore (toward the north) the

913 above lavas include alternating layers of pumice fall and

914 welded scoriae.

915 The continental shelf and slope off the Punta del Chiarito

916 promontory have been investigated through the geological

917 interpretation of the L39 seismic profile (Fig. ESM4—Online

918 Resource 4). Here, the shelf is wider than in the previously

919 mentioned sectors and TST and HST deposits have been rec-

920 ognized. TheTSTdeposits unconformably overlie an erosional

921 truncation at the top of a well-stratified, thick seismic unit,

922 corresponding to a relic prograding wedge. The latter unit in

923 turn overlies the volcanic acoustic basement, genetically rela-

924 ted to the Punta del Chiarito lava dome and/or to the eruptive

925 center of Sant’Angelo (Fig. ESM4—Online Resource 4).

926 The coastal cliff between Punta del Chiarito and S. Angelo

927 is carved into the surge deposits forming the top of the San-

928 t’Angelo promontory, while the Punta del Chiarito promon-

929 tory is composed of alkalitrachytic lava flows, unconformably

930 overlain by the youngest pyroclastic unit of the Sant’Angelo

931 sequence (Orsi et al. 2004). More to the west, the Capo Negro

932 promontory is composed of alkalitrachytic lava flows overlain

933 by the same pyroclastic unit, which is in turn overlain by two

934 thick pyroclastic units, the youngest ofwhich dated at 20 kyBP

935 (Orsi et al. 2004).

936 A revised stratigraphy of the Sant’Angelo coastal cliff has

937 been presented byBrown et al. (2008). In the Torre S.Angelo

938 volcanic sequence, the basal outcrops start with lavas

939 (100 ky BP; Gillot et al. 1982), overlain by interbedded ig-

940 nimbrites and pumice fall deposits. They are in turn uncon-

941 formably overlain by tephra, forming two volcanic units. The

942 lower unit is made of interbedded decimeter-thick pumice

943 fall deposits and dark-brown ignimbrites. The upper one

944 includes two monomictic breccias separated by pumice fall

945 deposits.

946 The Maronti area has been investigated through three dip

947 seismic profiles (L41, L42 and L43; Fig. 11a–c) and a tie one

948 (L39, fix 2–8; Fig. ESM4—Online Resource 4). Here, the

949 continental shelf is narrowwith respect to the adjacent areas.

950 The TST and HST deposits are thin and restricted. The

951 volcanic acoustic basement is thick and continuous from the

952 shelf toward the slope. On the L41 line, a volcanic lava dome

953 has been individuated through seismic interpretation

954 (Fig. 11a). Moreover, the L42 line has shown a canyon head

955 on the upper slope at a water depth of 60 m (Fig. 11b). The

956 acoustic basement crop out on the continental slope under a

957 thin drape of Holocene deposits. On the line L43, a main

958 canyon has been individuated at a water depth of 120 m and

959 the rocky terraced surface, well detected also through Mul-

960 tibeam bathymetry, develops at water depths ranging

961 between 120 and 180 m (Fig. 11c).

962The Maronti beach extends between Punta della Signora

963and Sant’Angelo promontories. Coastal outcrops are the

964product of the dismantling of the Monte Epomeo structure

965that recently formed landslides and mud flows, covering

966older debris avalanches. At the base of the Sant’Angelo

967promontory, an alkalitrachytic lava dome (100 ky BP; Orsi

968et al. 2004) is overlain by ash flows, pyroclastic flows and

969fall deposits. They belong to the explosive volcanism that

970preceded the Epomeo eruption (Brown et al. 2008). These

971deposits are overlain by pyroclastic deposits dated at about

97255 and 20 ky BP.

973The Barano Bay has been investigated through three

974seismic sections (L44, L45 and L46; Fig. 12a–c), while the

975Punta San Pancrazio offshore, having the same geologic

976characteristics of Barano, has been studied through the

977seismic line L47 (Fig. ESM6—Online Resource 6). A thick

978volcanic acoustic substratum has been recognized under

979the Barano Bay through seismic profiles on the slope of the

980Scarrupata di Barano. On the lower slope, the volcanic

981substratum is overlain by a thick seismic sequence, char-

982acterized by channel–levee complexes.

983Two seismic units, named Barano 1 (the lower unit) and

984Barano 2 (the upper unit), have been identified in the

985volcanic substratum through seismic stratigraphy

986(Fig. 12a–c) and tentatively correlated with the lower and

987upper Scarrupata di Barano formations.

988Offshore Punta San Pancrazio geological characteristics

989similar to those of the Barano Bay have been recognized on

990the seismic line L47 (Fig. ESM6—Online Resource 6). The

991Barano 1 and Barano 2 seismic sequences have been iden-

992tified in the volcanic acoustic basement. Moreover, a small

993volcanic lava dome has been recognized on the top of the

994Barano 1 sequence, laterally grading into a palaeocanyon,

995infilled by an acoustically transparent seismic unit, probably

996pyroclastic in nature (Fig. ESM6—Online Resource 6). The

997slope off San Pancrazio is characterized by a marine turbi-

998ditic sequence lying on the volcanic acoustic basement and

999characterized by parallel-to-progradational seismic reflec-

1000tors (Fig. ESM6—Online Resource 6).

1001The San Pancrazio promontory is composed of a

1002sequence of lavas belonging to the Monte di Vezzi volcanic

1003complex that are intercalated to pyroclastic deposits. The

1004upper part of this sequence includes the Epomeo Green

1005Tuffs (Orsi et al. 2004). Next is the Scarrupata di Barano, a

1006sea cliff extending from Punta San Pancrazio to La

1007Guardiola promontories (Fig. ESM5—Online Resource 5).

1008Along this cliff, the stratigraphic relationships among the

1009products of the oldest activity may be observed. The

1010massive yellow–white ignimbrite, which forms most of the

1011top of the cliff and is marked at its base by a scoria layer,

1012has been correlated with the Epomeo Green Tuffs (Vezzoli

10131988; Fig. ESM5—Online Resource 5).
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1014 The stratigraphy of the Scarrupata di Barano has been

1015 deeply revised (Brown et al. 2008). In the basal part of the

1016 sea cliff, the Upper Scarrupata di Barano Formation has

1017 been recognized. It is unconformably overlain by the

1018 Chiummano Tephra, consisting of lithic-rich pyroclastic

1019 density current deposits. They are overlain by the Schiap-

1020 pone Tephra, composed of two members. The first member

1021 consists of pumice fall deposits passing upward to welded

1022 pumice fall deposits, while the second member, the last of

1023 the stratigraphic succession, consists of ignimbrites.

1024 Further information on the seismo-stratigraphic frame-

1025 work of the Ischia–Procida offshore is based on the inter-

1026 pretation of the seismic line L51 (Fig. 13). The line shows

1027 a buried volcanic edifice overlain by a prograding wedge

1028 and then by the Magnaghi canyon volcanites and volcan-

1029 oclastites (Fig. 13). Aggrading and prograding sequences

1030 of Procida–Ischia continental shelf have also been identi-

1031 fied. The stratigraphic relationships with the Banco di

1032 Ischia volcanic structure have been shown by the regional

1033 seismic section L57 (Fig. 7).

1034 In conclusion, the contribution of the seismic stratigraphy

1035 to the knowledge of the geologic history of Ischia has

1036 allowed to supplement the volcanologic and geologic

1037 information based on field outcrop data with the new data of

1038 the seismic stratigraphy, as resulting from the newgeological

1039 map of Ischia at the scale 1:25,000 already redacted and now

1040 in the course of printing (Aiello et al. 2009b).
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