
1 
 

AAllmmaa  MMaatteerr  SSttuuddiioorruumm  ––  UUnniivveerrssiittàà  ddii  BBoollooggnnaa  

 

DOTTORATO DI RICERCA IN 

 

SCIENZE DELLA TERRA DELLA VITA E DELL’AMBIENTE 

 

Ciclo   31° 

Settore Concorsuale: 04/A2 

Settore Scientifico Disciplinare: GEO/02 

 

INSULAR SHELVES AS A TOOL FOR 

RECONSTRUCTING THE EVOLUTION OF 

VOLCANIC ISLANDS 
 

Presentata da: Alessandro Ricchi 

 

Coordinatore Dottorato   Supervisore 

Prof. Giulio Viola     Prof.ssa Claudia Romagnoli 

                                                                  Co-supervisori 

                                                                  Dott. Daniele Casalbore  

                                                                  Dott. Rui Quartau 

 

 

 

 

Esame finale anno 2019 

 

 



2 
 

ABSTRACT 

The erosion by waves, accomplished at different elevations due to glacio-eustatic sea-level 

fluctuations and islands’ vertical movements, carves the flanks of volcanic islands resulting in the 

formation of insular shelves, features long known in literature since the early paper of Menard 

(1983). However, a systematic study of their morphometric parameters and evolution has seldom 

been carried out. This Ph.D project, based on high-resolution multibeam bathymetric data and 

seismic reflection profiles collected in the last decades by the University of Bologna, University of 

Rome “La Sapienza”, CNR-IGAG Rome and by the Hydrographic Institute of the Portuguese Navy, 

explores the geomorphologic and structural features of the shelves surrounding the volcanic 

islands of Salina, Lipari and Vulcano in the Central Aeolian Archipelago and Santa Maria in the 

Azores Archipelago, respectively. The main aim is to increment our knowledge regarding the 

processes that influence the formation and the evolution of insular shelves and how these 

features might help us to better constraint the volcanic history of such islands. The study of insular 

shelves helps to improve the evolutionary models of the studied volcanic islands, which were 

previously developed only from the knowledge of the onshore geology. The information derived 

from the measured morphometric parameters (mainly the shelf width and the erosive edge depth) 

were integrated with field studies, allowing to infer, in some cases, the possible location of their 

earlier evolutionary stages, as well as to improve the overall geological evolution of studied 

volcanic  islands.  

In the Central Aeolian sector, we thus document the occurrence of presently submerged and 

largely dismantled volcanic edifices predating the oldest complexes located onshore. Unlike the 

youngest volcanic edifices, surrounded by narrow shelves and mostly vertically stable or slightly 

uplifting, the older complexes experienced subsidence. By using the insular shelves and the raised 

marine terraces previously found on the flanks of Salina and Lipari as tracers of relative sea-level 

changes, we then quantified the pattern and rates of vertical movements affecting the islands 

since their formation. The estimated subsidence rate, active before the Last Interglacial, has been 

adopted as a relative dating tool, attesting an early emergence of the islands. The shift from 

subsidence to uplift has been possibly related to a major geodynamic change occurred at regional 

scale.  

At Santa Maria we adopted the same integrated approach to relate the morphologic 

characteristics of the shelf with the geology onshore. The submerged marine terraces found 

offshore have been related with those exposed subaerially on the western portion of the island, 

and we investigated a possible correlation between the formation of the terraces, the known sea-

level changes and the islands’ vertical mobility. We thus were able to constrain the age of the 

subaerial and submarine terraces, which was previously unknown, and to better reconstruct the 

vertical crustal movements affecting the island in the last million years. This study also allowed us 

to better understand which factors, among the intensity of marine erosion, eustatic and relative 

sea level changes and the composition and morphology of the shelf, controlled the distribution of 

the marine terraces. Overall, the findings of this study in different volcanic islands have been 

compared in order to provide a more detailed picture of how the processes affecting the insular 

shelves influence their formation and development.  
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1. INTRODUCTION 

1.1 Overview of the research activity 

 

Several authors (Ablay and Hurlimann, 2000; Mitchell et al. 2003, 2012; Chiocci and Orlando, 2004; 

Le Friant et al., 2004; Llanes et al., 2009; Quartau et al., 2010, 2012, 2014; 2015b; Romagnoli, 

2013; Quartau and Mitchell, 2013; Casalbore et al., 2015, 2016a) stressed the importance of 

studying the submerged portion of volcanic islands, often representing their (almost unknown) 

early stages of development. Wave erosion shapes their morphology during glacial-interglacial 

sea-level fluctuations, creating low-gradient erosive surfaces, developed from the coastline down 

to the shelf edge, known as insular shelves. Their present-day setting is considered the result of a 

continuous balance between constructive and destructive processes (Menard, 1983; 1986). Insular 

shelves have been recognized as important tools to reconstruct the evolution and vertical mobility 

trends of volcanic islands (Quartau et al., 2010, 2014; Romagnoli, 2013). However, the qualitative 

analysis of the shelf morphology allows only speculating about the possible earlier manifestation 

of volcanism. To better define the insular shelf development and relate the submerged portion of 

the island with its onshore portions, we adopted a “quantitative approach”, based on the measure 

of morphometric parameters, such as the shelf width and the erosive shelf edge depth.  

This thesis is the result of a Ph.D project carried out at the University of Bologna in 

collaboration with University of Rome “Sapienza” and CNR-IGAG of Rome and the Hydrographic 

Institute of the Portuguese Navy. It focuses on the distribution and morphological features of  

insular shelves in the Aeolian and Azores Archipelagos and the factors that might influence their 

development. The dataset is based on recently acquired high-resolution seismic profiles and 

multibeam bathymetry collected in the shallow water portions around Salina, Lipari and Vulcano 

islands (Central Aeolian archipelago, Tyrrhenian Sea) and Santa Maria island (Azores archipelago, 

Atlantic Ocean).  

 

1.2 Objectives 

 

The study of the submarine portions of volcanic islands has been integrated with the results of 

onshore field studies carried out by volcanologists. This integrated approach, already successfully 

applied in some volcanic ocean islands (e.g., Coombs et al., 2004; Llanes et al., 2009; Masson et al., 

2008; Leat et al., 2010; Quartau et al., 2010, 2014; Lebas et al., 2011; Le Friant et al., 2011; 

Mitchell et al., 2012; Romagnoli, 2013), allowed us to correlate onshore and offshore features 

wherever possible, and to enlarge the knowledge on the overall evolution of volcanic edifices, with 

particular regards to their earlier evolutionary stages.  
The Central Aeolian archipelago has been investigated in the first part of the work. Its relatively 

young islands (< 267 Ka, Forni et al., 2013) are surrounded by insular shelves that represent the 

perfect site to understand the complex relationships between islands vertical movements and sea-

level fluctuation during the Late Quaternary. The morphology of their insular shelves were also 

used to improve the knowledge of the evolution of these islands.  
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The second part of the thesis is represented by the island of Santa Maria in the Azores 

Archipelago, which offered the opportunity to investigate the evolution of insular shelves and Plio-

Quaternary marine terraces in a different geodynamic/oceanographic setting. Moreover, being 

the island c. 6 Ma old, a comparison of how the erosive processes act at different time scales has 

been carried out. 

 

The research activity was carried out pursuing the objectives summarized below: 

 

 Understand how the depth of the insular shelf edge varies around the islands and whether 

it reflects the sea-level depth during glacial/interglacial periods or it is controlled by local 

and/or regional vertical movements.   

 Compare the shelves morphometric parameters for islands located in different geodynamic 

and marine settings (Mediterranean Sea and Atlantic Ocean) in order to discriminate 

among the different controlling factors (wave climate, sedimentation rate, sea-level 

changes, physiography of the margin, vertical mobility due to volcanic activity, etc.) driving 

their evolution. 

 Better constraint the evolution of volcanic islands and their history of vertical movements, 

focusing on the earlier stages of development.  

 

1.3 Thesis structure 

 

In order to pursue the proposed objectives, the thesis structure reflects the workflow followed by 

the research activity:  

Chapter 2 provides a general overview of the literature regarding the formation and evolution 

of insular shelves. The state of the art of the research is presented in 2.1, while the following 

sections outline the influence of sea-level changes on shelves evolution (2.2) and the mechanism 

driving the sediments distribution on the shelf (2.3).  

Information regarding the acquisition and processing of the dataset used in this study is given in 

chapter 3. Moreover, this chapter introduces the methodology used to measure the 

morphometric parameters of the shelves and associated uncertainties. A more detailed 

description of the methods used to calculate the vertical mobility trends is, instead, presented in 

the manuscripts III and V.   

In chapter 4 the geographical and geodynamic settings of the Aeolian and Azores Archipelagos 

are briefly introduced and, in particular, the geological history of the Central Aeolian islands and 

Santa Maria Island are presented, in order to provide a general overview of the study areas.  

In chapter 5 the morphological characteristics of the shelves around Salina Island have been 

integrated with the onshore geology and used as proxies for reconstructing the development of 

the several volcanic complexes that compose the island (section 5.1, Manuscript I). By exploiting 

the same dataset, we provide insights on the relative sea-level changes experienced by Salina in 

the last 20 ka, on the base of the distribution, depth range and inner geometry of the sedimentary 

bodies (named “Submarine Depositional Terraces”, SDT) lying on the shelf (section 5.2, Manuscript 

II). The contribution of regional/local uplift/subsidence on the vertical mobility trend of Salina is 
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also computed and discussed (section 5.3, Manuscript III) by comparing the information provided 

by subaerial (marine terraces and notches) and submerged (shelf edge depth, submerged 

terraces) markers with published sea-level curves. Moreover, we discussed the possible 

mechanism driving the subsidence/uplift trend of the island.  

In chapter 6 the approach adopted for Salina was applied to study the morphological 

characteristics of the insular shelves of Lipari and Vulcano islands, stressing similarities or 

differences with respect to Salina Island. The information provided in this section will be further 

developed in the future, and related manuscripts will be submitted to peer reviewed journals. The 

island of Lipari has similar sea-level markers to Salina, therefore the vertical behavior of the 

various volcanic complexes forming Lipari is discussed and compared with nearby Salina. 

In chapter 7 the shelf width and the depth of its edge around Santa Maria Island were 

consistently related with the onshore geology and were used as proxies to update the 

evolutionary model of the island. Moreover, we investigated the complex interplay between 

sedimentation, mass-wasting and tectonics. This chapter is part of a manuscript (Manuscript IV) 

that is going to be submitted for publication.  

Chapter 8 concerns the vertical mobility trend of Santa Maria Island through the study of 

subaerial and submerged marine terraces. In Manuscript V we deal with the complex interplay 

between glacio-eustatic sea-level fluctuations and the island vertical motion trends. In this 

fashion, we tried to correlate the formation of different subaerial and submerged terraces with 

known sea-level stands, with the aim of providing a relative age for the formation of such terraces, 

understand which factors controlled their formation and preservation and better constraint the 

island uplift. 

Chapter 9 deals with the comparison of studied insular shelves in the Aeolian Archipelago with 

those on the volcanic island of Santa Maria, in different oceanographic and volcanic settings, 

discussing how different factors may play a variable role in these contexts. 

Finally, chapter 10 presents the conclusions and a brief overview of possible future research. 

 

The following articles report the results of this work according to the aim and objectives of the 

Ph.D project: 

 

- Manuscript I 

Romagnoli C, Casalbore D, Ricchi A, Lucchi F, Quartau R, Bosman A, Tranne CA, Chiocci FL. 2018. 

Morpho-bathymetric and seismo-stratigraphic analysis of the insular shelf of Salina (Aeolian 

archipelago) to unveil its Late-Quaternary geological evolution. Mar. Geol. 395: 133–151. 

http://dx.doi.org/10.1016/j.margeo.2017.10.003. 

- Manuscript II 

Casalbore D, Romagnoli C, Adami C, Bosman A, Falese F, Ricchi A, Chiocci FL. 2018. Submarine 

Depositional Terraces at Salina Island (Southern Tyrrhenian Sea) and Implications on the Late-

Quaternary Evolution of the Insular Shelf. Geosciences 2018 8- 20; DOI:10.3390/geosciences 

8010020. 
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- Manuscript III 
Lucchi F, Ricchi A, Romagnoli C, Casalbore D, Quartau R. Late-Quaternary paleo sea-level 
geomorphological tracers of opposite vertical movements at Salina volcanic island (Aeolian Arc). 
Submitted to Earth Surface Processes and Landforms, under revision. 
 
- Manuscript IV 
Ricchi A, Quartau R, Ramalho R, Romagnoli C, Casalbore D. The interplay between volcanic, 
erosional, depositional, tectonic and mass-wasting processes: new insights from the study of 
Santa Maria Island insular shelf. In preparation. 
 

- Manuscript V 

Ricchi A, Quartau R, Ramalho R, Romagnoli C, Casalbore D, Ventura da Cruz J, Fradique C, Vinhas A. 

2018. Marine terrace development on reefless volcanic islands: new insights from high-

resolution geophysical data offshore Santa Maria Island (Azores Archipelago). Mar. Geol. 406: 

42-56; https://doi.org/10.1016/j.margeo.2018.09.002. 
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2. INSULAR SHELVES 
 

2.1 State of the art 

Volcanic islands have been defined as “highly productive sea mounts that have grown above the 

sea-level” (Schmidt & Schmincke, 2000) as the early surtseyan volcanic activity changes to more 

stable strombolian/hawaiian eruption and allows a submarine volcano to emerge above sea level. 

The growth and decay of volcanic islands is due to a combination of several processes, such as the 

age of the underline lithosphere (Parsons & Sclater, 1977), surface and subsurface loading 

(Menard 1973; McNutt & Menard, 1978; Scott & Rotondo, 1983; Schmidt & Schmincke, 2000; Ali 

et al., 2003), redistribution of volume due to erosion and landsliding (Rees et al., 1993; Filmer et 

al., 1994; Schmincke, 2004) and hotspot swell dynamics (Menard, 1973; Detrick & Crough, 1978; 

McNutt, 1988; Sleep, 1990; Morgan et al., 1995). 

Although volcanic islands are in the order of some thousands all around the world, the 

evolutionary stages that leads to their formation are similar and relatively well known. Generally, 

the early stages of development are characterized by vigorous volcanic activity, during which 

islands grow above sea level by volcanic construction occurring faster than the effects of 

destructive geological processes. The latter prevail during long periods of quiescence. However, in 

the long term, as the island get older, the erosive processes become predominant (Schmincke et 

al., 1995; Schmincke, 2004).  

Among several simultaneous and/or alternating geological processes (including crustal vertical 

movements and sea-level fluctuations) acting during thousands to millions of years, wave erosion 

is one of the most important in shaping the present day morphology of islands. It carves useful 

geomorphic indicators on the flanks of volcanic islands, such as coastal notches, marine terraces 

and shore platforms in coastal areas, and insular shelves on submerged flanks (Quartau et al., 

2010, 2012; Ramalho et al., 2013). In particular, the imprint of these physical processes in shallow 

water areas may provide valuable information for reconstructing the geologic history of volcanic 

islands (Fletcher et al., 2008; Kennedy et al., 2002; Mitchell et al., 2008, 2012; Quartau et al., 2010, 

2012, 2014; Quartau and Mitchell, 2013; Babonneau et al., 2013; Chiocci et al., 2013; Romagnoli, 

2013; Casalbore et al., 2015).  

A significant technological advance of multibeam bathymetric and seismic reflection acquisition 

systems occurred in the last decades. This allowed to obtain high-resolution geophysical data that 

can be exploited to characterize with very good detail morphological features underwater (Krastel 

et al., 2001; Bosman et al., 2015). Studies performed worldwide allowed recognizing insular 

shelves around volcanic islands in various geodynamic settings. In the open sea, researchers have 

described shelves in Hawaii (Clague and Moore, 2002; Fletcher et al., 2008), Canaries (Ablay & 

Hurlimann, 2000; Mitchell et al., 2003; Llanes et al., 2009), Azores (Quartau et al., 2010), Surtsey 

(Romagnoli & Jakobsson, 2015), Montserrat (Le Friant et al., 2004) and South Sandwich islands 

(Leat et al., 2010). In the Mediterranean Sea, shelves have been described in the Aeolian Islands 

(Romagnoli, 2013), Pontine Archipelago (Chiocci and Orlando, 2004), Linosa (Romagnoli, 2004) and 

Pantelleria (Calarco, 2011) islands.   
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The initiation of an insular shelf starts when the intense volcanic activity that characterizes the 

early stages of growth of these islands progressively wanes, allowing marine erosion to carve the 

flanks of the island (Menard 1983). During stillstands wave erosion essentially works at a constant 

level, carving a shore platform. In response to subsequent glacial-interglacial sea-level oscillations, 

the mechanical wave erosion operating in the intertidal zone migrates landward and seaward, 

turning the shore platform into an insular shelf (Trenhaile et al. 1989, 2001; Quartau et al., 2010; 

Ramalho et al., 2013). Its successive development/evolution is mainly driven by the balance 

between the processes that progressively enlarge the shelves (mainly wave erosion) and those 

that dismantle them (mass wasting) and fill the accommodation space (post-erosion volcanic 

activity and sedimentation) (Menard, 1983). Quartau et al. (2012; 2015b) developed a conceptual 

model for the morphologic development of insular shelves in volcanic islands (Fig. 1.1) using Faial 

and Pico islands (Azores Archipelago) as case histories. As the shelf becomes wider and more 

gently sloping, in fact, wave-eroded surfaces trend towards a state of equilibrium because wave 

attenuation cause erosion rates to decrease through time so that shelves cannot growth 

indefinitely (Trenhaile, 2001). Generally, where wave erosion dominates and there is not recent 

volcanic activity, wide shelves occur, possibly covered by thick sedimentary bodies and facing high 

plunging cliffs (Quartau et al., 2014, 2015b). On the contrary, where the volcanic activity 

dominates, the shelves tend to be narrow, characterized by widespread rocky outcrops and are 

covered by relatively thin sediment cover. The latter morphology is caused by post-erosional 

volcanism that might partially or completely fill the accommodation space left by erosion, 

reducing the shelf width (“rejuvenated shelves”, Quartau et al., 2015b).  Related coastal tracts are 

morphologically immature, composed of low cliffs or even absent due to formation of lava deltas. 

It is commonly accepted that the shelf width reflects the effects of wave erosion occurred 

during several relative sea-level fluctuations. Ablay and Hurlimann (2000), Le Friant et al. (2004), 

Llanes et al. (2009), Menard (1983), Quartau et al. (2010) and Romagnoli (2013) checked a direct 

relationship between shelf age and shelf width. Studies focused in the Azores (Quartau et al., 

2010, 2012, 2015b, 2016) and Aeolian Islands (Romagnoli, 2013) addressed the shelf width as a 

useful tool for reconstructing the original extent of the adjacent volcanic edifice prior to wave 

erosion (on shelf sectors not affected by landslides processes or covered by later volcanic activity). 

Accordingly, it can be used as a proxy of the relative age of the adjacent subaerial volcanic edifice 

(i.e. the wider is the shelf, the older is the subaerial edifice). However, other factors may control 

the shelf width in a specific sector: for instance, Llanes et al. (2009) and Quartau et al. (2010) 

related shelf sector width to wave exposure. Quartau et al. (2010) checked the shape of the 

shelves around Faial Island (Azores Archipelago) through modeling and found disparities between 

the modeled and the present shelf, which were associated to varied resistance to erosion, tectonic 

movements, unrecognized volcanic progradation and errors in radiometric dates, or to the shape 

of the coastline. The role of subsidence in shelves evolution has been also quantitatively discussed 

by Trenhaile et al. (2014) and Quartau et al. (2018b). Using a wave erosional model they evidenced 

that subsidence exacerbates the effects of wave erosion, promoting the enlargement of the 

shelves with an almost linear relationship. 
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Fig. 1.1 Conceptual model of the morphologic development of insular shelves in volcanic islands (from 

Quartau et al. 2012), showing the competition between processes that form them (mainly wave erosion) 

and processes that fill the erosional spaces (mainly volcanic progradation and sedimentation) during 

different sea levels. Each box represents a cross-shore profile of the shelf with high vertical exaggeration. 

The model starts at i_a and develops into the four possible stages v_a, v_b, v_c and v_d. See Quartau et al. 

(2012) for details on the legend. Note changes in the depth of the shelf edge (black dot). 
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2.2 Relative sea-level changes and insular shelves 

 

It is widely accepted that the variations of the eccentricity of the Earth’s motion around the sun, 

and obliquity and precession of the Earth’s axis, drive climatic fluctuations (Milankovitch, 1930) 

being responsible for the alternation of glacial and interglacial periods, especially in the 

Quaternary. The periodic modification of ice volumes causes variations of the masses and volume 

of the oceans. These global, “eustatic” sea-level fluctuations (Gornitz, 2005; Miller et al., 2005) led 

to repeated emergence and submergence of the coastlines. Moreover, due to ice- and water-load 

variation (Kopp et al., 2015), gravitational attraction (Hay et al., 2014), sediment compaction 

(Törnqvist et al., 2008; Marriner et al., 2016) and redistribution (Dalca et al., 2013), tectonics 

(Kelsey & Bockheim, 1994; Vacchi et al., 2012; Dura et al., 2016) and volcanic-related deformations 

(Lambeck, 2011), landmasses may move vertically, giving their contribute to “relative” sea-level 

fluctuations. Being regional and/or local in nature, relative sea-level changes may be more 

important than the global eustatic signal in controlling the emergence or submerged trend of 

coastal areas (Rovere et al., 2016). The imprint left by relative sea-level fluctuations is commonly 

evidenced by the occurrence of geological markers and archeological indicators directly connected 

with former sea-levels (Rovere et al., 2016). Both are widely used to reconstruct paleo sea-level on 

coastal areas, however only geological indicators may allow to reconstruct relative sea-level 

fluctuations occurred several ka or Ma ago (Dutton et al., 2015). These markers are represented 

by fossil remains (Rovere et al., 2015), erosive and depositional features such as beachrocks (Mauz 

et al., 2015), coastal notches (Ferranti et al., 2006; Trenhaile, 2015), marine terraces (Zazo et al., 

2002; Lucchi et al., 2013a, b, Ramalho et al., 2017), insular shelves (Quartau et al., 2010, 2014) and 

submarine depositional terraces (Casalbore et al., 2014; Pepe et al., 2014). The identification of 

such markers is fundamental to infer rates of crustal vertical movements and relative sea-level 

changes. Being volcanic islands commonly subjected to significant vertical movements (De Guidi 

and Monaco 2009; Ramalho et al., 2013), sea-level markers can often be found both above and 

below present sea level.  

An important geomorphic feature to this purpose is the insular shelf edge or shelf break, a 

(normally) sharp topographic feature that marks a dramatic increase in slope to greater depths 

(Southard and Stanley, 1976). Being the result of the wave erosion that occurred during lowstands 

periods at or close to the water surface (Trenhaile, 2000, 2001), its depth can be adopted to assess 

subsequent vertical movements undergone by the volcanic edifice or part of it, after its 

development (Quartau et al., 2014, 2015b, 2016). If the edge of the shelf is shallower than the 

maximum eustatic sea-level depth during the island growth it means that (i) the island has 

suffered uplift or (ii) the shelf is more recent than the last lowstand, starting to form after the MIS 

2 (20 ka, i.e. the last lowstand). Conversely, if the edge is deeper than -120/125 m (maximum 

depth reached by the sea with respect to the present level in the past Ma, Bintanja et al., 2005; 

Miller et al., 2005; Bintanja & Van de Wal, 2008; Raymo et al., 2009; De Boer et al., 2010), the 

given sector likely subsided (Quartau et al., 2014; 2015b). This may allow to estimate an average 

subsidence rate affecting the related volcanic edifice which, in turn, can be an important factor in 

controlling the development of the shelf (Quartau et al., 2018b).   
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2.3 Sedimentation on insular shelves  

 

Volcanic islands are constantly exposed to degradation and the wind/wave action. Wave erosion 

strongly influences the shape of the coastline, in particular during the emergent and post-shield 

island stages and when the volcanic activity wanes (Ramalho et al., 2013), promoting the 

production of volcaniclastic sediments. On reefless volcanic islands, the island's shape and 

orientation relative to the trade-winds may also influence the transport and deposition of 

sediments along the coast. Despite waves being the dominant agent that contribute to shelf 

sedimentation, other processes like explosive volcanism, lava quenching when entering the sea, 

fluvial processes (enhanced by rainfall on the windward side of the island) and biological 

productivity can be also locally important as sediment sources (Menard, 1983, 1986; Quartau et 

al., 2012; Salvany et al., 2012). The sediments produced by these processes accumulate along the 

coastline and are transported further down the shelf. In fact, the combination of wave-induced 

and wind-driven currents can re-suspend the sediments, in particular during more energetic 

seasons (Calhoun et al., 2002; Ogston et al., 2004; Norcross et al., 2002). As a result, sediment (silt 

and sand) may be transported along and across the shelf remaining for a short time in the 

nearshore.  

During stormy conditions, waves produce high coastal setup against the shore that is commonly 

balanced by strong and opposite downwelling bottom currents (Field and Roy, 1984; Hernandez-

Molina et al., 2000; Chiocci et al., 2004, Meireles et al., 2013). Based on their observations, Field 

and Roy (1984), Tsutsui et al. (1987), Hernández-Molina et al. (2000), Chiocci & Romagnoli (2004) 

and Quartau et al. (2012) suggested that nearshore sediments, suspended by the storm waves-

induced turbulence, are efficiently transported onto the shelf by storm-induced downwelling 

currents. The sediment deposition starts where wave agitation declines towards the threshold of 

movement, forming more or less thick deposits offshore, having different geometry. These 

sedimentary wedges are well-recognizable on bathymetry due to their terraced shape, with a 

marked (depositional) edge corresponding to the topset-foreset rollover depth (commonly in the 

range of -15/-60 m, depending on the oceanographic setting, Mitchell, 2012) and thickness in the 

order of tens of metres (Chiocci et al., 2004). Terraced sedimentary bodies, also reported in 

literature as nearshore sand bodies (i.e. Field and Roy, 1984), infralittoral prograding wedges (i.e. 

Hernández-Molina et al., 2000) and submarine depositional terraces (SDT in Chiocci et al., 2004 

and Casalbore et al., 2017a) will be hereafter referred as SDTs. They have been recognized around 

several volcanic islands such as in the Azores Islands (Quartau et al., 2010, 2012, 2014, 2015b; 

Chiocci et al., 2013), the Pontine Archipelago (Chiocci and Orlando, 1996), the Aeolian Islands 

(Chiocci and Romagnoli, 2004; Casalbore et al., 2010; Romagnoli et al., 2013a, b; Casalbore et al., 

2016a) and Linosa island (Romagnoli, 2004). Relationships have been found between the rollover 

depth, the fetch and exposition of coastal tracts (Chiocci and Romagnoli, 2004; Mitchell et al., 

2012) and the local wave regime, evidencing the key role played by storm-wave base level in their 

formation (Lobo et al., 2005; Bàrcenas et al., 2015; Casalbore et al., 2017). However, despite their 

wide distribution, the physical parameters driving the formation of SDTs are still partially 

understood, especially the relationship between their depth, wave energy and sea-level position. 

In the Aeolian and Pontine Islands, shallow-water clinoforms located in the first 20-35 m depth, 
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have been interpreted as recent to present-day features (Chiocci and Romagnoli, 2004; Casalbore 

et al., 2016a, b), while terraces found close to the shelf edge have been interpreted as low-stand 

deposits, which remained relict during sea-level rise (Chiocci & Orlando, 1996; Chiocci et al., 2004; 

Casalbore et al., 2016a, b). Mid-shelf terraces are generally attributed to stillstands of the relative 

sea-level during the last transgression (Casalbore et al., 2017a). However, in the Azores, which are 

much more energetic than the Mediterranean, Quartau et al. (2012, 2014, 2015) found SDTs edges 

much deeper, down to -60 m, which the authors believe to be present-day features. The edge of 

the SDTs could be also be used for palaeo-sea level and vertical movement reconstruction if the 

wave energetic regime in which they were formed is taken into account.  

Being insular shelves often prone to submarine mass wasting (Casalbore et al., 2015; Quartau 

et al., 2018b), the accumulation of sediments within the island shelf is transient, in particular when 

submarine canyons cut through the shelf edge (Saint-Ange et al., 2011; Sisavath et al., 2011; 

Romine and Fletcher, 2013) and during sea-level lowstands, when the islands shelves are reduced 

in size (Ávila et al., 2008a; Quartau et al., 2012). Conversely, the occurrence of a wide shelf during 

highstand conditions might limit the transport of sediments below the shelf edge, promoting the 

sediment accumulation on the shelf.     
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3. DATASET AND METHODS 

3.1 Dataset acquisition 

 

This thesis is based on the analysis of single-channel seismic reflection profiles and high-resolution 

multibeam bathymetric data collected around the Aeolian Archipelago and Santa Maria Island in 

the last decades.  

In the Aeolian Archipelago, data were obtained by the University of Rome “Sapienza”, the 

University of Bologna and the CNR-IGAG (Consiglio Nazionale delle Ricerche, Istituto di Geologia 

Ambientale e Geoingegneria) of Rome on board the research vessels “Thetis”, “Urania” and 

“Minerva 1”. The bathymetric dataset used for our studies (Figure 3.1) was collected using 

multibeam systems working at frequency range of 50-100 kHz depending on the water depth and 

recorded using a differential GPS system (see details in Romagnoli et al., 2013). Moreover, shallow 

water areas (depth < c. 50 m) were surveyed using a small boat equipped with a Teledyne Reson 

7125 multibeam system working at a frequency of 400 kHz, and a GPS-RTK (Real Time Kinematics) 

positioning (see details in Bosman et al., 2015). A grid of 151 high-resolution seismic reflection 

profiles was acquired in 1993 and 2016 (Figure 3.1). The first dataset was acquired using a Sparker 

0.5-1 kJ aboard the catamaran Incaurina Marianna, while the latest one was acquired in 2016 

aboard the R/V Minerva1 using a Sparker source working at 0.5-1.5 kJ around the islands of Salina 

and Lipari (Figure 3.1). Latest data have been collected using a DGPS, while older data were 

collected using a non-differential GPS periodically calibrated with a ground station. The vertical 

resolution of the analyzed Sparker profiles can be estimated in the order of 5 m due to the 

emitted frequency and the ringing effects. Finally, the subaerial Digital Terrain Models (DTMs) of 

the islands (cell size of 0.4 m) used in the study have been collected by the Italian Ministry for the 

Environment, Land and Sea Protection, through LiDAR flights. 
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Figure 3.1 Dataset used to study the insular shelves around the Central Aeolian sector showing the location 

of the seismic reflection profiles (red and yellow lines) and the multibeam bathymetry.   

 

The shallow water portions around the island of Santa Maria were, instead, an “unknown 

territory”. Here, high-resolution multibeam bathymetry and seismic reflection data (Figure 3.2) 

were collected in the scope of PLATMAR project (Development of volcanic island shelves: insights 

from Sta. Maria Island and implications on hazard assessment, habitat mapping and marine 

aggregates management) from 24th August to 15th September, 2016 onboard the R/V Arquipélago. 

The multibeam bathymetry was acquired between c. -20 m and c. -250 m mostly parallel to the 

coastline using a pole mounted Kongsberg EM2040CTM system operating at frequencies ranging 
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from 200 to 400 kHz and angular coverage of 130°. The vessel position relied on DGPS with 

OMNISTAR corrections. Sound velocity profiles (SVP) were frequently collected during the survey 

using an AML MinosX Sound Velocity ProfilerTM to correct variations in sound velocity due to 

temperature and salinity changes throughout the water column.  

A dense network of 614 high-resolution seismic profiles (total of 2008 km, Figure 3.2) was also 

acquired between -25 m and -300 m using an Applied Acoustic Engineering AA 200 Boomer plate 

and a receiver array consisted of a single-channel streamer with 8 hydrophones. Most of the 

seismic profiles were acquired using 100 J or 200 J of output energy, depending on the water 

depth. Seismic survey lines parallel to bathymetry were made concurrently with the multibeam 

survey, so line spacing varied along depth (between 20 to 200 m), while seismic lines 

perpendicular to the coastline were spaced c. 250 m. 

 

 
 

Figure 3.2 Dataset collected around Santa Maria Island during the PLATMAR 2016 survey. For details see 

Manuscript V. 
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3.2 Dataset processing 

 

In order to create Digital Elevation Models (DEMs), the multibeam data collected around the 

Aeolian Archipelago were processed using Caris Hips&Sips software by CNR-IGAG. The cell-size 

varies from 0.1 m to 0.5 m at depths < -50 m, from 0.5 m to 10 m between -50 and -300 m and 

from 15 m to 25 m at deeper depth (c. -1500 m). The earliest (analogic) dataset of seismic 

reflection profiles has been digitalized by the University of Rome and successively relocated via 

homologous matching of features observed on seismic profiles and multibeam bathymetry due to 

the low accuracy of the adopted GPS system. This work was not necessary for the latest dataset, 

since data were DGPS-RTK positioned.  

The multibeam dataset collected around Santa Maria has been processed by the Hydrographic 

Institute of Portuguese Navy using Caris Hips&Sips 9.0 software to produce high-resolution DEMs 

with variable cells size depending on the water depth (1 m for shallow water to 8 m c. 250 m).    

Seismic reflection profiles were recorded in .TRA format and then converted to SEG-Y to be 

processed by the IXBLUE DELPH SEISMIC INTERPRETATION software v4.0. Each seismic line was 

processed applying the following procedures: 

 

a) Layback correction; 

b) Bandpass filter between 320 Hz and 5600 Hz, to cut noise outside the signal bandwidth; 

c) Time Variant Gain (TVG), in order to recover the signal attenuation with depth; 

d) Swell filter to correct the effect of waves; 

e) Automatic Gain Control (AGC) that balances out amplitudes across a whole trace; 

f) Stacking, in order to improve the signal-to-noise ratio; 

g) Water column removal. 

 

To convert from milliseconds to meters, we adopted a sound velocity of 1500 m/s and 1800 m/s 

depending on the absence/occurrence of sediments on the shelf, respectively. 

 

3.3 Dataset interpretation 

 

The shelf width and erosive edge depth were detailed mapped exploiting bathymetric cross-

sections and seismic profiles, while the comparison of offshore and onshore morphologies was 

realized on subaerial DTMs and submarine DEMs visualized as shaded relief, contour maps, and 3-

D surfaces. In the Central Aeolian sector, a detailed and continuous mapping of the erosive shelf 

edge has been carried out all around the islands through more than 1000 bathy-morphological 

profiles positioned at 50 m-intervals perpendicularly to the coastline (Figure 3.3), in order to 

integrate the largely-spaced seismic profiles. The dataset of seismic profiles helped to map the 

erosive edge depth where sediments (commonly from 10 m to 30 m thick) partially cover the 

shelf. At Santa Maria, the dense network of seismic profiles collected across the shelf (Figure 3.2) 

allowed to investigate with high detail the morphological features of the shelf and to map the 

distribution of the sedimentary cover and to measure its thickness. The uncertainty in the 
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definition of the erosive shelf edge depth has been estimated in the order of few meters, 

depending on the resolution of the seismic reflection profiles and the multibeam bathymetry.  

Since the shelf in some places is affected by processes responsible for its partial dismantling 

that are not directly linked with wave action (landslides, canyons, gullies, etc), only the maximum 

values of shelf width and erosive edge depth for each sector are considered in the analyses. The 

shelf edge associated to the portion carved by mass wasting process have been named eroded 

edge, while the edge preserved by erosion have been named erosive shelf edge.   

To study the shelf width and the erosive shelf edge depth, the shelf surrounding each island has 

been divided in sectors, according to their morphological differences and through comparison 

with the age of the products outcropping onland (see Manuscripts I and IV). Measures were 

reported in graphs showing the variation of the shelf width and edge depth. An important part of 

the thesis encompassed an integrated approach with field data of the subaerial portion of the 

studied volcanic islands. The aim was to better define the links between the onshore/offshore 

geology and to obtain an integrated estimate of the vertical mobility trend of the islands. To 

calculate the uplift/subsidence trends we adopted different approaches, which are explained in 

detail in Manuscripts III and V (included in chapters 5 and 8 respectively).  

 



20 
 

 
 

Figure 3.3 Bathy-morphological profiles (black lines) used to measure the shelf width and the erosive edge 

depth in the Aeolian Islands. 
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4. GEOLOGICAL AND GEOGRAPHICAL SETTING OF THE STUDIED AREAS 

4.1 The Aeolian Archipelago – regional setting 

 

The Aeolian Archipelago is an articulated arc-shaped volcanic structure located in the Southern 

Tyrrhenian Sea, with an overall length of about 200 km. Its seven islands (Alicudi, Filicudi, Salina, 

Lipari, Vulcano, Panarea and Stromboli, Fig. 4.1) and surrounding seamounts represent the tip of a 

large volcanic structure emerging from -2000/-2500 m on the northern Sicilian slope (Romagnoli et 

al., 2013 and reference therein). The formation of the volcanic arc is associated to the roll-back of 

the NW-directed Ionian subducting slab below Calabria (Faccenna et al., 2001; Serpelloni et al., 

2005; Chiarabba et al., 2008). The volcanic activity is mainly controlled by regional fault systems 

that influence the morpho-structural setting and evolution of the islands (De Astis et al. 2003, 

2006b; Ventura 2013). Although a detailed chronostratigraphic framework of the subaerial 

volcanic activity is well known on the basis of available radiometric ages and regional correlation 

of marine terraces and tephra layers (Lucchi et al., 2013a), the ages of the submarine portions are 

still mostly unknown. The volcanic activity is considered to be entirely developed during the Late 

Quaternary, since the oldest dated rocks, sampled from Sisifo (Beccaluva et al., 1982), Eolo and 

Enarete seamounts (Beccaluva et al., 1985) were dated at 1.3 Ma and 0.85-0.64 Ma, respectively. 

The Aeolian Archipelago can be divided in three sectors (i.e. western, central and eastern) on the 

basis of distinctive structural trends and evolution (De Astis et al., 2003). The westernmost islands 

(Alicudi and Filicudi) are the oldest and mostly influenced by a WNW-ESE fault system, while the 

easternmost and youngest islands (Panarea and Stromboli) are aligned along NE-SW striking faults. 

The central sector (Salina, Lipari and Vulcano islands) lie at the intersection between the Tindari-

Letojanni NNW-SSE oriented volcanic belt and the WNW-ENE arc-shaped structure (De Astis et al., 

2003) (Figure 4.1). 

Information regarding wave and wind conditions in the Aeolian area are scarce, and mostly 

based on Cicala (2000) for the central and eastern sectors. In the Aeolian Archipelago winds 

coming from NW and W are predominant, therefore the most energetic waves approach from 

westerly directions. Storms, mostly coming from the Tyrrhenian Sea, strike the western coastlines 

with a large fetch (up to 300 nautical miles) and waves up to 6 m height. During autumn and 

winter, winds from SE provenance also affect the SE and E coastlines. In this thesis particular 

attention is given to the central Aeolian sector.  
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Figure 4.1 Shaded relief map showing the location of the Aeolian islands in the Southern Tyrrhenian Sea and 

main structural lineaments (from Barone et al., 1982; Argnani et al., 2007): Alicudi (Al), Filicudi (Fi), Salina 

(Sa), Lipari (Li), Vulcano (Vu), Panarea (Pa) and Stromboli (St); TL: Tindari-Letojanni fault system. 

 

4.1.1 CENTRAL AEOLIAN SECTOR 

The islands of Salina, Lipari and Vulcano represent the emerged portion of volcanic edifices whose 

base lies at c. -1700 m (Figure 4.2). A small depositional basin at c. -300 m connects Salina with the 

nearby Lipari island (SLB, Figure 4.2), while a shallow-water saddle c. 50 m deep in the shallowest 

point, known as “Bocche di Vulcano” (BV, Figure 4.2), connects Vulcano with Lipari complex.  

Romagnoli et al., 2013 and references therein mapped and recognized insular shelves as a 

characteristic morphological elements of the western, central and eastern islands of the Aeolian 

archipelago. The shallow water portions around the islands of the central Aeolian sector are, in 

fact, characterized by gently sloping platforms mostly extended in the first 100-150 m of depth 

(Romagnoli et al., 2013). The widest shelves are located off the western flanks of Lipari and 

Vulcano and around the western, south-eastern and north-eastern corners of Salina (Figure 4.2), 

marking the oldest volcanic edifices of the islands (De Astis et al., 2013; Forni et al., 2013; Lucchi et 

al., 2013a; Romagnoli et al., 2013). Below the shelf edge, the flanks of the island are steep and 

commonly carved by gullies exhibiting a sub-radial pattern. The features tend to converge at 
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deeper depths forming submarine channels (Figure 4.2). Average gradients of the submarine 

flanks ranges from c. 30° to c. 10° in the first 500 m depth, while approaching greater water 

depths they decrease down to a few degrees (Romagnoli, 2013).  

 

 
 

Figure 4.2 Shaded relief the subaerial and submarine DEM of Salina, Lipari and Vulcano. SLB: Salina-Lipari 

Basin; BV: Bocche di Vulcano saddle. 
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4.1.1.1 Salina  

Salina is the highest (962 m a.s.l.) and second largest island (26 km2) of the Aeolian archipelago. 

The island is the emerged portion of a volcanic edifice rising from -1300 m (Romagnoli et al., 

2013), located at the intersection between the arc-shaped structure of the Aeolian archipelago 

and the NNW-SSE elongated Salina-Lipari-Vulcano volcanic belt (Figure 4.1).  

The subaerial volcanic activity of Salina developed between 244 ka and 15.6 ka through six 

Eruptive Epochs (EE) (Keller, 1980; Lucchi et al., 2013a)( Figure 4.3). The earliest stage of the island 

building is represented by the highly eroded Pizzo Corvo edifice (which has an uncertain age and 

stratigraphic position) and by the products of Pizzo Capo Volcano (EE1, 244-226 ka), located on the 

W and NE portion of the island, respectively. During the EE3/4 the volcanic activity migrated 

further south, forming the edifices of Monte Rivi and Monte Fossa delle Felci (160-121 ka). 

Following a period of volcanic quiescence, a new phase of activity produced the edifice of Monte 

dei Porri (70-57 ka) on the W side of Salina. The latest volcanic activity (EE6) is located at the 

Pollara crater (30-15 ka)( Figure 4.3). 

A succession of raised Late Quaternary (MIS 5) marine terraces, reflecting the interplay between 

sea-level fluctuations and long-term vertical movements, crops out along the coastal slopes of 

Salina. The downstepping arrangement of the different MIS 5 marine terraces (associated to the 

high sea-level peaks of 5.5, 5.3 and 5.1 by Lucchi et al., 2009), with the oldest located at higher 

elevation, allowed Lucchi et al. (2013a) to estimate an uplift trend for the archipelago in the order 

of 0.36 m/ka in the last 124 ka. However, the occurrence of remnant of raised marine terrace of 

likely MIS 7.3 age below the younger MIS 5 terraces, witnesses the occurrence of possible 

subsidence before the Last Interglacial (Lucchi et al., 2013a). 
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Figure 4.3 Simplified geological map of Salina (modified after Lucchi et al., 2013) showing the main volcanic 

centers, eruptive epochs and volcanic features, merged on the DEM of the island and the multibeam 

bathymetry of the submarine shallow areas. 

 

4.1.1.2.  Lipari 

Lipari is the largest island of the Aeolian archipelago (total area of 38 km2). The present day edifice 

is characterized by a rugged morphology up to 602 m in elevation (Monte Chirica, Figure 4.4) and 

represents the culmination of a mainly submerged volcanic complex controlled by the NNW-SSE-

oriented Tindari-Letojanni Fault System (Mazzuoli et al., 1995; Ventura, 2013). It emerged from 

the sea more than 267 ka ago from c. -1700 m. Offshore, wide insular shelves covered by 

volcaniclastic deposits surround the island all along the western and northwestern side and 

around the Monterosa promontory in the eastern part, while along the remaining portions these 

shelves are remarkably narrower (Chiocci & Romagnoli 2004; Romagnoli 2013; Romagnoli et al. 

2013), (Figure 4.4). Lipari is characterized by distinct eruptive centers witnessing the complex 

history of the island. Nine Eruptive Epochs (EE afterwards) interspersed by periods of inactivity 

and volcano-tectonic collapses, have been identified (Forni et al., 2013). Despite the chronological 

estimations of the EE1 are incomplete due to the lack of dating, the oldest exposed Paleo-Lipari 
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volcanic centers (> 267 ka) have been recognized along the west coast and, very subordinately, in 

the central-eastern sector (Figure 4.4). The EE2 (267-188 ka) records the renewal of volcanism 

from a number of volcanic centers located along the west coast of Lipari (namely “the western 

volcanoes”, Figure 4.4), distributed along north–south alignments. During the EE3 (c. 150 ka) only 

M. Chirica renewed its activity. The following prolonged period of volcanic inactivity (c. 30 ka) is 

recorded by the widespread marine terraces and fossils of palaeoshoreline I, witnessing the first 

episode of marine ingression (MIS 5e, 124 ka). The onset of the EE4 (119 – 114 ka) led to a 

significant shift of the vent localization towards the central and eastern sectors of Lipari, as 

recorded by Monterosa and M. S. Angelo products. The latter, renewed its activity during the EE5 

(c. 105 ka) after a major quiescence period. This activity was followed by another c. 10 ka-long 

period of quiescence that was characterized by further episode of marine ingression and erosion 

during the interglacial peak of MIS 5c (100 ka), as recorded by the marine terrace deposits of 

palaeoshoreline II. The EE6 was characterized by renewed activity of M. S. Angelo and M. Chirica, 

after which the Lipari volcanic complex saw a prolonged period of dormancy covering the 81–43 

ka time interval. The episode of marine ingression of MIS 5a (81 ka) occurred during this 

quiescence period, and it is recorded in the marine terraces of palaeoshoreline III in the south-

western coastal sector of Lipari, and subordinately, in the area of Monterosa. Renewal of 

volcanism occurred from vents located in the southern (collapsed) sector of Lipari under the 

control of the main NNW–SSE tectonic trend during the EE7 (43-40 ka) and EE8 (27-20 ka). The last 

activity ranged from c. 8.7 ka to medieval ages and created a dome-field in the north-eastern 

sector of Lipari, characterized by obsidian flows (Figure 4.4).  

A succession of raised marine terraces dated at MIS 5 are interspersed within the volcanic 

succession along the western and, in a lesser extent, the eastern coastal slopes of the island, at 

elevation varying between 43-45 m a.s.l. and 12 m a.s.l. (Lucchi, 2009; Calanchi et al. 2002; Lucchi 

et al. 2004a). On the base of these raised marine terraces, Lucchi et al. (2013b) calculated an 

average uplift trend of 0.31-0.34 m/ka for the last 124 ka. 
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Figure 4.4 Simplified geological map of Lipari (modified after Forni et al., 2013) showing the main volcanic 

centers, eruptive epochs and volcanic features, merged on the DEM of the island and the multibeam 

bathymetry of the submarine shallow areas. 
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4.1.1.3. Vulcano 

The island of Vulcano (21.2 km2) is the exposed summit of a volcanic edifice sited in the southern-

most sector of the Aeolian archipelago. The edifice rises from the sea floor from c. -1200 m, 

(Romagnoli, 2013) up to the maximum height of 499 m a.s.l. at Monte Aria (Figure 4.5). The 

present day subaerial topography is dominated by two intersecting calderas (La Fossa Caldera and 

Il Piano Caldera), both witnessing a complex history of volcanic and volcano-tectonic events that 

shaped this volcanic edifice (De Astis et al., 1997, 2006b). Insular shelves surrounding Vulcano are 

in general less developed with respect to Salina and Lipari, and are mainly located along the 

western coastal portion (Romagnoli et al., 2012)(Figure 4.5). The geological history of Vulcano is 

divided in eight successive Eruptive Epochs (EE) in the time interval between c. 127 ka and 

historical times, separated by intervals of quiescence usually associated with the recurrent 

volcano-tectonic collapses that produced the multi-stage Il Piano and La Fossa calderas (De Astis et 

al., 2013). 

The oldest product exposed on the island of Vulcano are lava flows that crop out along the steep 

western coastal cliff in the sector of Capo Secco (EE1, c. 127 – 113 ka, Figure 4.5), a low-sided 

shield volcano reaching an elevation of c. 150 m above the present sea level. This former cone is 

presently almost entirely dismantled, as suggested by the occurrence of a wide insular shelf here 

(Romagnoli, 2013). After a quiescent period, the eastward shifting of the main feeding system 

gave rise to a large central-conduit stratocone located in the southern sector of the island named 

“Primordial Vulcano” (EE2, 117-101 ka, Figure 4.5), that reached elevations higher than 700 m. The 

summit of the original stratocone was truncated by volcanic collapse, followed by the Il Piano 

caldera collapse likely occurred at c. 100 ka. The renewal of volcanism gave rise to a series of 

compound lava flows (EE3, 99.5 ka, Figure 4.5) that progressively filled the Il Piano caldera 

structure. The EE3 was interrupted by a volcanic collapse (occurred between 99.5 ka and 80 ka), 

inferred to be the earliest phase of the multistage formation of La Fossa caldera. The EE4 (c. 78 ka, 

Fig. 8) took place after a c. 10-ka-long period of dormancy and erosion. The renewal of activity 

(EE5, 70-42 ka) was characterized by the shifting of the eruptive vents towards the NNW, along 

the rims of La Fossa caldera (Monte Rosso, Monte Luccia) and inside its morphologic depression, 

and within Il Piano caldera. A new collapse resulted in the development of the central-eastern 

sector of the La Fossa caldera and probably interrupted the activity of the EE5. During the EE6 (28-

21 ka, Figure 4.5), magma was erupted from vents and fissures mostly located along the western 

side of Vulcano Island under the control of the outer rims of Il Piano and La Fossa calderas, 

attesting for a new shifting of eruptive vents. The EE7 (21-13 ka, Figure 4.5) reported a further 

shifting of the active vents in the Vulcano history, passing from the western side towards the 

northern sector of the island, within the multi-phase La Fossa caldera or along its borders, leading 

to development of the main portion of the Monte Lentia dome field. The whole Monte Lentia 

dome field was later offset by a collapse fault that formed the current western border of La Fossa 

caldera. The younger products of Vulcano (EE8, <8 ka, Figure 4.5) were erupted from different 

vents located along the margins and inside La Fossa caldera. The activity in these new eruptive 

centers occurred repeatedly at alternating times from c. 5.5 ka up to historical times (youngest 

products erupted in AD 1739-1890). 
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Figure 4.5 Simplified geological map of Vulcano (modified after De Astis et al., 2013) showing the main 

volcanic centers, eruptive epochs and volcanic features, merged on the DEM of the island and the 

multibeam bathymetry of the submarine shallow areas. 
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4.2 The Azores Archipelago – regional setting 

 

The Azores Archipelago is made of nine islands (Flores, Corvo, Graciosa, Terceira, São Jorge, Pico, 

Faial, São Miguel and Santa Maria, Figure 4.6) located in mid-North Atlantic on top of the Azores 

Plateau (Lourenço et al., 1998; Gente et al., 2003; Miranda et al., 2018). This large triangular-

shaped area is dissected by the Mid Atlantic Ridge (MAR in Figure 4.6), that separates the North-

American plate (to the west) from the Eurasian and Nubian plates (to the east, Figure 4.6). The 

boundary between these two plates is more diffuse. The Terceira Rift (TR in Figure 4.6) marks the 

northern border of this area, while to the south the deformation progressively decrease along the 

line that connects the MAR with the Gloria Fault (GF in Figure 4.6) (Hipolito et al., 2013; Lourenço 

et al., 1998; Marques et al., 2013). In the past the Nubian-Eurasian border was located at the now 

inactive East Azores Fault Zone (EAFZ in Figure 4.6) (Laughton and Whitmarsh, 1974; Searle, 1980; 

Madeira and Ribeiro, 1990; Luís et al., 1994; Luís and Miranda, 2008). In this complex tectonic 

setting, governed by traction forces and right-lateral transtensional stress, volcanism is 

tectonically controlled and occurs along faults (fissure volcanic systems) or at fault intersections 

(central volcanoes) (Madeira et al., 2015; Marques et al., 2013). 

 

 
Figure 4.6 Shaded relief map showing the geodynamic setting of the Azores Archipelago (islands in 

black).The upper right inset show the location of the Azores Archipelago within the North Atlantic Ocean. 

MAR: Mid-Atlantic Ridge; TR: Terceira Rift; EAFZ: Eastern Azores Fracture Zone; GF: Gloria Fault; NU: Nubian 

Plate; EU: European Plate; NA: North American Plate. For details see Manuscript V. 
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4.2.1 Santa Maria Island 

The island is situated on the eastern edge of the Azores Plateau, at the convergence between the 

TR, the GF and the EAFZ (Figure 4.6). Santa Maria Island is roughly elongated in E-W direction 

extending up to 15 km in length and 9 km in width. It is the emerged part of a larger volcanic 

edifice that rises from 2500 m depth. Its easternmost portion is the most elevated area, reaching 

587 m above sea level at Pico Alto and is characterized by a rugged morphology with plunging 

cliffs up to c. 250 m high (Figure 4.7). On the contrary, the westernmost portion of the island is 

less steep and exhibits a set of raised marine terraces, giving it a staircase morphology 

progressively lowering westward (Ramalho et al., 2017, Figure 4.7). The geological evolution of 

Santa Maria is mostly known from its subaerial edifice, and it is inferred to extend from 

approximately 6 Ma to 2.8 Ma ago (Ramalho et al., 2017, Figure 4.7).    

A complex intermittent volcanic history characterizes the evolution of the island. Products of 

the surtseyan and strombolian activity crop out on the western side of the island (Cabrestantes 

and Porto Formations, Figure 4.7), attesting the emergence of the island edifice from the sea. 

Then, the main building stages occurred between 5.8-5.3 Ma, 4.1-3.5 Ma and 3.2-2.8 Ma. The first 

stage formed a subaerial shield volcano (Anjos Volcanic Complex, Figure 4.7) that consolidated the 

island edifice. Then, for c. 1 Ma, erosive processes dominate, causing the partial or complete 

dismantling of the island edifice. During this period occasional, low-volume submarine volcanism 

was active in the central and western parts of the island (Touril Volcano-sedimentary Complex, 

Figure 4.7). Alternating vertical succession of submarine and subaerial volcanic products attests 

the renewal of the volcanic activity and the re-emergence of the island above sea-level at 4.1 Ma 

(Ramalho et al., 2017). During this stage, the island growth occurred mainly to the west and to 

east and culminated in the formation of the Pico Alto Volcanic Complex (Figure 4.7). At 3.5 Ma, the 

subsidence trend that characterized the island up to this point, reversed into uplift, as attested by 

the occurrence of raised (on the western side of the island) marine terraces (Ramalho et al., 2017). 

From 3.5 Ma onwards, the island has been mainly subjected to erosion, although a last stage of 

volcanism (3.2-2.8 Ma, Figure 4.7) led to the formation of a set of low-volume, monogenetic 

magmatic and hydromagmatic cones of the Feteiras Formation (Ramalho et al., 2017).   
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Figure 4.7 Shaded relief map of the shelf around Santa Maria and geological map, merged on the DEM of 

the island generated from 1/5000 scale digital altimetric database. Modified after Ramalho et al. (2017). 

 

 

 

 

 

 

 



33 
 

5. INSULAR SHELVES IN THE CENTRAL SECTOR OF THE AEOLIAN 

ARCHIPELAGO: MORPHO-ACOUSTIC CHARACTERIZATION, CONTROLLING 

FACTORS AND IMPLICATIONS FOR THE GEOLOGICAL EVOLUTION OF 

SALINA ISLAND 

 

Although largely documented by Romagnoli, 2013 and Casalbore, 2016a, a detailed morphological 

analysis of the insular shelves around Salina Island has not been carried out before. Furthermore, 

due to scarce sampling and dating, the age of wide submarine portions of the volcanic edifices 

remains largely unknown, unlike the emerged portions for which accurate stratigraphic studies are 

available (Lucchi, 2009; Lucchi et al., 2004a; 2013a). The following manuscript investigates in detail 

the distribution and morphological differences of insular shelves around Salina and integrates the 

analysis of the shelf edge depths with the subaerial stratigraphy, in order to infer the relative 

chronology and development of the submerged portions of the island. The results of this study 

show that the morphological differences of the shelf surrounding a volcanic island are not simply 

due to a regular shelf width/age relationship (as suggested by Menard, 1983), but also to other 

local controlling factors that likely influenced the shelf development. Moreover, the integration of 

marine geophysical data with onshore field studies allowed investigating a better understanding of 

the evolution of Salina Island.  

My contribution to this manuscript include dataset analysis and interpretation and writing.   

 

5.1 Salina Island - Manuscript I 

 

“Morpho-bathymetric and seismo-stratigraphic analysis of the insular shelf of Salina (Aeolian 

archipelago) to unveil its Late-Quaternary geological evolution” 

 

Authors:    

- Claudia Romagnoli (University of Bologna, Bologna – Italy) 

- Daniele Casalbore (University of Rome – “La Sapienza”, Rome – Italy) 

- Alessandro Ricchi (University of Bologna, Bologna – Italy) 

- Federico Lucchi (University of Bologna, Bologna – Italy) 

- Rui Quartau (Instituto Dom Luiz, Faculdade de Ciencias, Universidade de Lisboa, Lisbon - 

Portugal) 

- Alessandro Bosman (Instituto di Geologia Ambientale e Geoingegneria, Consiglio Nazione 

delle Ricerche, Rome - Italy) 

- Claudio Antonio Tranne (University of Bologna, Bologna – Italy) 

- Francesco Latino Chiocci (University of Rome – “La Sapienza”, Rome – Italy) 

 

Status: published in Marine Geology, volume 395, pages 133-151, 

http://dx.doi.org/10.1016/j.margeo.2017.10.003 

http://dx.doi.org/10.1016/j.margeo.2017.10.003
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5.2 Salina Island - Manuscript II 

 

This manuscript investigates in detail the distribution of the Submarine Depositional Terraces 

(SDTs) on the shelf of Salina Island with particular focus on the depositional edge depth. The aim is 

to highlight the potential of this morphologic parameter as a tool for reconstructing the relative 

sea-level in the last 20 ka at Salina and on other volcanic islands where SDTs are recognized. As a 

co-author of this study I provided a critical feedback and I also contributed to drafting of the final 

version of the paper. 

   

“Submarine Depositional Terraces at Salina Island (Southern Tyrrhenian Sea) and implications on 

the Late Quaternary evolution of the insular shelf ” 

 

Authors:    

- Daniele Casalbore (University of Rome – “La Sapienza”, Rome – Italy) 

                                (Istituto di Geologia Ambientale e Geoingegneria, Consiglio Nazione delle 

Ricerche, Rome – Italy)  

- Claudia Romagnoli (University of Bologna, Bologna – Italy) 

                                (Istituto di Geologia Ambientale e Geoingegneria, Consiglio Nazione delle 

Ricerche, Rome – Italy) 

- Chiara Adami (Istituto di Geologia Ambientale e Geoingegneria, Consiglio Nazione delle 

Ricerche, Rome - Italy) 

- Alessandro Bosman (Istituto di Geologia Ambientale e Geoingegneria, Consiglio Nazione 

delle Ricerche, Rome - Italy) 

- Francesco Falese (Istituto di Geologia Ambientale e Geoingegneria, Consiglio Nazione delle 

Ricerche, Rome - Italy) 

- Alessandro Ricchi (University of Bologna, Bologna – Italy) 

- Francesco Latino Chiocci (University of Rome – “La Sapienza”, Rome – Italy) 

                                                       (Istituto di Geologia Ambientale e Geoingegneria, Consiglio Nazione 

delle Ricerche, Rome – Italy) 

 

Status: published in Geosciences, volume 8, Issue 1, pages 8-20, doi:10.3390/geosciences 

8010020. 
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5.3 Salina Island - Manuscript III 

 

In the following manuscript we investigated in detail the vertical behavior of Salina highlighting 

the potential of a combined study encompassing submerged (insular shelves, submarine 

depositional terraces) and subaerial (raised marine terraces and notches) markers.  

In the Aeolian islands raised fossil shorelines, correlated to (interglacial) high sea-level peaks of 

the Late-Quaternary eustatic curve, have been widely employed as a means of stratigraphical 

correlation of volcanic successions on local and inter-island scale (Lucchi, 2009). A long-term 

continuous uplifting trend since the Last Interglacial (MIS 5, average rate of c. 0.34 m/ka) has been 

estimated for most of the Aeolian archipelago on the base of marine terraces (Lucchi et al., 

2004a). However, marine and subaerial evidences suggested a more irregular pattern for the 

vertical mobility of Salina (Chiocci and Romagnoli, 2004), suggesting the possible occurrence of 

subsidence during the middle-late Pleistocene (Lucchi, 2009). In this manuscript we integrated the 

information derived from the raised marine terraces and the submerged insular shelves to provide 

a comprehensive picture of the paleo sea-level variations and crustal vertical movements that 

affected the island since its earlier volcanic evolution. We also discussed the contribution of neo-

volcano/tectonic processes at local and regional scale. 

In this paper I contributed to conceive the presented idea of investigating the relationship 

between sea-level changes, insular shelf edge depth and subaerial terraces height. Moreover, I 

contributed to perform the subsidence calculations and in the writing of the manuscript. 

 

“Late Quaternary paleo sea-level geomorphological tracers of opposite vertical movements at 

Salina volcanic island (Aeolian Arc)” 

 

Authors:    

- Federico Lucchi (University of Bologna, Bologna – Italy). 

- Alessandro Ricchi (University of Bologna, Bologna – Italy). 

- Claudia Romagnoli (University of Bologna, Bologna – Italy); 

(Istituto di Geologia Ambientale e Geoingegneria, Consiglio Nazione delle Ricerche, Rome – 

Italy). 

- Daniele Casalbore (University of Rome – “La Sapienza”, Rome – Italy); 

(Istituto di Geologia Ambientale e Geoingegneria, Consiglio Nazione delle Ricerche, Rome – 

Italy).  

- Rui Quartau (Instituto Hidrográfico, Divisão de Geologia Marinha);  

(Universidade de Lisboa, Instituto Geofisico Infante Dom Luiz, Instituto Dom Luiz, 

Faculdade de Ciências da Universidade de Lisboa, Lisbon, Portugal). 

 

Status: submitted to Earth Surface Processes and Landforms 
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6. INSULAR SHELVES IN THE CENTRAL SECTOR OF THE AEOLIAN 

ARCHIPELAGO: MORPHO-ACOUSTIC CHARACTERIZATION, CONTROLLING 

FACTORS AND IMPLICATIONS FOR THE GEOLOGICAL EVOLUTION OF 

LIPARI AND VULCANO ISLANDS 

 

The submarine portion of Lipari and Vulcano islands have been studied in the past (see section 

4.1.1). However, a detailed integration of the subaerial geology with the submerged, shallow-

water portions has never been carried out (apart from some specific sectors as in Romagnoli et al., 

2013 and Casalbore et al., 2016). Moreover, a detailed mapping of the shelf width and erosive 

edge depth all around the island was previously limited to some sectors (Chiocci and Romagnoli, 

2004). In this chapter, the detailed analysis of the shelf surrounding Lipari and Vulcano islands is 

proposed and related to the onshore geology, following the same approach adopted for Salina 

(see manuscript enclosed in Chapter 5.1) i.e. using the morphologic characteristics of insular 

shelves to improve our understanding of the evolutionary history of such islands. 

At Lipari, we integrated information from subaerial (MIS 5 raised terraces) and submerged 

(insular shelf edge) palaeo sea-level markers, in order to match their present-day height/depth 

with the relative sea-level curve and to reconstruct the rates of vertical movements experienced 

by the volcanic edifice in the last ka. Until now, in fact, most of the efforts for reconstructing the 

vertical movements of the island have been made by looking at subaerial uplifted sea-level 

markers, such as MIS 5 (124 ka) raised marine terraces (Lucchi et al., 2013b). However, this 

method allows to estimate the vertical mobility trend only back to the MIS 5 (124 ka), since, 

differently from Salina, older terraces were not recognized at Lipari (Lucchi et al., 2004). Marine 

terraces are not recognized at Vulcano, likely due to its relatively younger age (De Astis et al., 

2013). 

In the last decade, at Lipari the information provided by marine terraces were integrated by those 

derived from archeological markers and GPS data, which yielded an historical subsidence trend of 

up to c. 10-11 mm/yr (Calanchi et al., 2002; Serpelloni et al., 2005; Anzidei et al., 2015, 2016, 

2017). However, the sea-level position indicated by such markers can be estimated only at local 

scale and only for the last 2 ka (archeological markers) or historical times (GPS data).  

 

6.1  INSULAR SHELVES AROUND LIPARI ISLAND 

 

The island of Lipari is surrounded by a shelf that reflects a complex geological evolution, where 

several volcanic edifices superimposed each other (Forni et al., 2013,). Offshore the youngest 

portions of the island (corresponding to shelf sectors 1 and 3 in Figure 6.1), formed during EE7 (43-

40 ka), 8 (27-20 ka) and 9 (8.7 ka – AD 1220) (see section 4.1.1.2) insular shelves are mostly lacking 

or are very narrow (Romagnoli, 2013) and are affected by intense erosive processes (Casalbore et 

al., 2016 and 2017). On the contrary, the oldest volcanic centers (in correspondence with shelf 

sectors 2 and 4 in Figure 6.1) created during the EE1 (unknown age), 2 (267-188 ka) and 4 (119-114 

ka)(see section 4.1.1.2), exhibit wide shelves in their offshore, with edges generally deeper than -
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120 m and covered by thick sedimentary bodies (Chiocci and Romagnoli, 2004; Romagnoli, 2013; 

Casalbore et al., 2016). The shelf sectors are hereafter described according to their different 

characteristics. 

 

 
 

Figure 6.1 Simplified geological map of Lipari (modified after Forni et al., 2013) merged on the DEM of the 

island and the multibeam bathymetry of the submarine shallow areas. The black boxes locate the shelf 

sectors represented in figures 6.2, 6.3a, 6.5a, 6.7a, 6.9, 6.11 and 6.12. 



121 
 

 

SECTOR 1 

The north-eastern sector of Lipari (from Acquacalda to Canneto, Figure 6.2) is relatively recent 

(see Figure 6.1); it corresponds to the products of the N-S aligned Capo Rosso domes (EE8b, 24-20 

ka), overlapped by the thick pomiceous succession erupted during the EE9. No insular shelf is 

observed here, but an erosive surface extending to 27 m depth is present from offshore 

Acquacalda to Punta della Castagna, likely representing the present-day shore platform (Figure 

6.2). Offshore the Capo Rosso domes, a wide semicircular portion of the seafloor exhibits a 

smoother morphology with respect the rest of the sector, being likely represented by a wide 

depositional terrace (Figure 6.2). No seismic profiles were collected in this area; therefore from 

bathymetry we can only determine the depositional edge depth, which is comprised between -15 

m and -25 m (Figures 6.2). To the south of the Capo Rosso domes, a large erosive scar (head of the 

Canneto canyon, Casalbore et al., 2016), affects the submerged flank from few meters below the 

sea-level to c. more than -350 m (Figure 6.2).  
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Figure 6.2  Shaded relief map of the shelf sector 1 (equidistance of isobaths: 50 m). The black dashed lines 

represent the limit of the shelf sector 1. Pt.: Punta. 

 

SECTOR 2 

This shelf sector runs aside the Monterosa promontory, which is made of two scoria cones 

belonging to the EE4 (Forni et al., 2013, Figure 6.1). This is the oldest portion of the eastern coast 

of Lipari, as suggested by the occurrence of marine terrace deposits of the Palaeoshoreline III (MIS 

5a, 81 ka, Lucchi et al., 2004). The shelf offshore the northern and eastern flanks of Monterosa 

mimics, in plan view, the coastline profile, while in the southern flank it is deeply dissected by two 

evident scars (Figure 6.3a). Overall, the shelf width ranges from c. 400 offshore Sciarra di 
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Monterosa in the northern part to up to c. 845 m offshore Pignataro di Fuori to the South (Figure 

6.3b). The erosive shelf edge is shallower along the northernmost portion (max value -135 m), 

while offshore the southern coastline of the promontory it locally reaches -169 m (Figures 6.3a, 

6.3b, 6.4 and Table 6.1). Lower values of the erosive edge depth are locally observed, in 

correspondence of scars or gully heads (Figures 6.3a and 6.3b). The sedimentary cover (organized 

in SDTs) has a depositional edge at roughly -50/-60 m on the northern and eastern shelf sectors, 

while on the southern shelf sector an additional SDT exhibits an edge at c. -100 m (Figures 6.3a 

and 6.4). The overall thickness of the sediments tends to increase from north to south around 

Monterosa promontory. 

 

 
 

Figure 6.3a  Shaded relief map of the shelf sector 2 (equidistance of isobaths: 50 m).The seismic profile aa’ is 

shown in figure 6.4. The black dashed lines represent the limit of the shelf sector 2. 
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Figure 6.3b Graphs showing the shelf width and shelf edge depth for shelf sector 2. In yellow: erosive shelf 

edge; in blue: eroded shelf edge.  
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Figure 6.4  Sparker seismic reflection profile showing the erosive edge and the SDTs lying above the shelf. 

Location of the seismic profile in figure 6.3a. 

 

SECTOR 3 

This shelf sector includes the south-eastern (from Marina di Porto Salvo to Pt. della Crapazza, 

Figure 6.5a) and the south-western portions (from Pt. Perciato to Pt. Levante, Figure 6.5a) of 

Lipari. The south-easternmost portion is mainly made of lava domes belonging to EE7 (43-40 ka), 

overlapped by the products of the N-S aligned Castello domes (related to the EE8b, 24-20 ka) and 

the NNW-SSE aligned Pt.S. Giuseppe domes (EE8a, 27-24 ka, Figure 6.1). The shelf, commonly 

narrow, is locally deeply eroded, and in places is almost absent since erosive scars extend to the 

shallow water areas (Figures 6.5a and 6.5b). Only small shelf portions, carved in the lava domes of 

EE7/8 (Falcone and Castello domes), are not affected by mass wasting processes and exhibit a 

shelf up to c. 460 m wide. It is covered by SDTs in the innermost portion (depositional edge at -

25/-30 m, Figure 6.5a). detected on the bathymetric data, since seismic profiles were not available 

for this portion of the shelf. Likewise, the erosive shelf edge depth (only measured from 

bathymetric profiles) exhibits sharp variations in this sector. Where the shelf is preserved, the 

maximum erosive edge depth ranges from c. -95 m (offshore the Castello domes) to -120 m 

(offshore the Falcone domes, Figures 6.5a and 6.5b).  

The sector offshore the southern part of Lipari corresponds to the Bocche di Vulcano area, 

where an underlying insular shelf is covered by thick STDs (Chiocci and Romagnoli, 2004). Because 

of the connection with the nearby island of Vulcano (Figure 4.2), the shelf width and the erosive 

edge depth were not measured here.   

The south-western coastline is NNW-SSE oriented and entirely made of the products of Monte 

Giardina lava domes (EE7, Figure 6.1). Offshore it is characterized by a shelf up to c. 750 m wide 

(Figure 6.5b), locally covered by up to 15 m-thick sedimentary bodies organized in a thick 

SDT(Figure 6.5). To the north the shelf is deeply eroded and dissected by landslide scars and gully 

heads, representing the prolongation of narrow valleys onshore (Figures 6.1 and 6.5a). The erosive 
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shelf edge depth has been measured only offshore Punta del Perciato, (i.e. where the shelf is 

preserved) ranging from -110 m to -128 m (Figures 6.5a, 6.5b and 6.6). 

 

 
 

Figure 6.5a  Shaded relief map of the shelf sector 3 (equidistance of isobaths: 50 m).The seismic profile bb’ 

in shown in figure 6.6. The black dashed lines represent the limit of the shelf sector 3. Pt.: Punta; Mt.: 

Monte. 
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Figure 6.5b Graphs showing the shelf width and shelf edge depth for shelf sector 3. In yellow: erosive shelf 

edge; in blue: eroded shelf edge; in red: depositional edge. 

 

 
 

Figure 6.6  Sparker seismic reflection profile showing the erosive edge and the SDT lying above the shelf. 

Location of the seismic profile in figure 6.4a. 
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SECTOR 4 

This sector includes the entire western shelf (apart from Banco del Bagno bank) from Punta di 

Ponente to Acquacalda (Figures 6.1, 6.7a, 6.9 and 6.11). From the south to the north, the shelf is 

carved in the products of Timpone Carrubbo (TC) and Monte Mazzacaruso (MM) compound 

volcanoes, referred as the “older volcanoes” (EE1, Forni et al., 2013), Timpone Ospedale cones 

(TO), Chiesa Vecchia volcano (CV) and Monte Chirica stratocone (MC), referred as the “western 

volcanoes” (EE2, Forni et al., 2013). 

Starting from the southernmost part of the sector, offshore TC the shelf has a roughly 

semicircular shape and is mostly over 1000 m wide, up to 1515 m in front of Punta le Grotticelle 

(Figures 6.7a, 6.7b and Table 6.1). However, offshore Pt. delle Fontanelle, a dense system of gully 

heads (some of them aligned with structures visible on land) dissects the shelf reducing its width 

to less than 1000 m (Figures 6.7a and 6.7b). To the north, the width of the shelf progressively 

increases, being from roughly 1500 m to c. 2100 m offshore Le Puntazze (Figures 6.7b, 6.9 and 

Table 6.1). The shelf is less than 1500 m wide only offshore Scoglio dell’Immeruta, being 1000 m 

on average. To the east, offshore Acquacalda, a sub-rounded shelf up to 1.1 km wide is located 

between two NNE-SSW oriented erosive scars (up to c. 500 wide, Figure 6.11).  

The erosive shelf edge depth in this southern portion ranges from -156 m to -178 m offshore TC 

(Figures 6.7a, 6.7b and 6.8), becoming shallower northwards where the shelf edge is eroded by 

the scars (c. -110/-125 m offshore Pt. delle Fontanelle, Figures 6.7a and 6.7b). To the north it 

ranges from -150 m to -182 m offshore Cala Fico, and -214 m offshore Cala Sciabeca (Figures 6.7b 

and 6.9). From Cala Sciabeca to the north the edge depth decrease being at maximum at -146 m 

offshore Lo Inzolfato, -156 m offshore Le Puntazze (Figure 6.9) while offshore Acquacalda due to 

the lack of seismic profiles we identified only the depositional edge of the deeper SDT at c. -105 m 

(Figure 6.11). The lack of multibeam and seismic data does not allow the measurement of the shelf 

depth in the area offshore Acquacalda. 

In the shelf, different orders of SDTs with variable depositional break depth are observed (see 

also Chiocci and Romagnoli, 2014), such as offshore Punta le Grotticelle (Figure 6.8) and offshore 

Le Puntazze, were a threefold staircase of SDTs lies between -20 m and -90 m (Figures 6.9). 
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Figure 6.7a Shaded relief map of the southernmost portion of shelf sector 4 (equidistance of isobaths: 50 

m). The seismic profile cc’ is shown in figure 6.8. The black dashed line represents the southern limit of the 

shelf sector 4. Pt.: Punta. 
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Figure 6.7b Graphs showing the shelf width and shelf edge depth for shelf sector 4.TC: Timpone Carrubbo; 

MM: Monte Mazzacaruso; CV: Chiesa Vecchia. In yellow: erosive shelf edge; in blue: eroded shelf edge; in 

red: depositional edge. 

 

 
 

Figure 6.8  Sparker seismic reflection profile showing the erosive edge and the SDT lying above the shelf. 

Location of the seismic profile in figure 6.6a. 
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Figure 6.9  Shaded relief map of the central portion of shelf sector 4 (equidistance of isobaths: 50 m). The 

seismic profile dd’ is shown in figure 6.9. Pt.: Punta. 
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Figure 6.10 Sparker seismic reflection profile showing the erosive edge and the SDT lying above the shelf. 

Location of the seismic profile in figure 6.9. 
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Figure 6.11 Shaded relief map of the northernmost portion of shelf sector 4 (equidistance of isobaths: 50 m). 

The black dashed line represents the northern limit of the shelf sector 4. 

 

BANCO DEL BAGNO BANK  

Banco del Bagno is a sub-rounded feature around 1.3 km wide, coalescing with the western shelf 

of Lipari through a saddle around 100 m deep (Figure 6.12). A flat rocky outcrop rises in the center 

of the bank reaching -35 m depth and exhibiting a tongue-like shape (Figure 6.12). All around the 

outcrop, the seafloor is smooth, suggesting the occurrence of a sedimentary cover; seismic 

profiles show, in fact, an overlying SDT having a depositional shelf break at roughly -60/-65 m 

depth (Figure 6.13). The shelf is around 260 to 700 m wide with respect to the central, rocky 
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outcrop at the top of Banco del Bagno (Figure 6.12 and Table 6.1). The erosive shelf edge depth 

varies from -85 m to -119 m, being mostly around -95/-105 m. 

  

 
 

Figure 6.12 Shaded relief of Banco del Bagno bank (equidistance of isobaths: 50 m).The seismic profile ff’ is 

shown in figure 6.13. 

 

 
 

Figure 6.13 Sparker seismic reflection profile acquired across Banco del Bagno bank showing the erosive 

edge and the SDT lying above the shelf. Location of the seismic profile in figure 6.12. 
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 Max. Erosive edge depth  Max. shelf width 

    

Sector 2 169  845 

Sector 3 128  750 

Sector 4 TC 178  1515 

Sector 4 MM 182  2048 

Sector 4 CV 156  2100 

Banco del Bagno 119  700 

 

Table 6.1  Erosive edge depth and shelf width maximum values measured for the insular shelf around Lipari 

Island (not observed in sector 1).TC: Timpone Carrubbo; MM: Monte Mazzacaruso; CV: Chiesa Vecchia. 

 

6.2 Discussion 

 

6.2.1 GEOLOGICAL IMPLICATIONS OF INSULAR SHELVES DISTRIBUTION AROUND LIPARI 

The morphology and the evolution of the shelf surrounding Lipari Island results from the 

marine erosion acting on the flanks of volcanic edifices of different ages and for varying lengths of 

time. As already observed (Romagnoli et al., 2013b), at Lipari wider shelves with deeper edges are 

generally located offshore the oldest volcanic edifices, attesting for an overall increase of the shelf 

width with the amount of time the corresponding volcanic units have been exposed to wave 

action (Menard, 1983; Llanes, et al., 2009; Quartau et al., 2010).   

Similarly to Salina (see Manuscript I, Chapter 5), at Lipari we recognize narrow, intermediate and 

wide shelves among those sectors where the original shelf width is preserved (in orange in figures 

6.3a, 6.5a, 6.7a, 6.9, 6.12). This division excludes the sector 1, surrounded in its northern part by a 

narrow and shallow erosive surface possibly representing the present-day shore platform, similarly 

to what observed by Romagnoli et al. (2012) around the Vulcanello lava platform. This is in 

agreement with the fact that this sector is carved in the latest volcanic products of the island (EE9, 

8.7 ka – AD 1220, figure 6.1). The irregular shoreline and the pristine submarine lava flow 

morphologies visible offshore, provide a further evidence of the very young age of this sector. 

Offshore the Capo Rosso domes, instead, the wide semicircular area with a smooth morphology 

suggests the occurrence of a thick SDT, likely resulting from the erosion of the soft pumiceous 

succession recognized onshore (Forni et al., 2013). Its width (c. 550 m) might attest the presence 

of an underlying shelf on which the sediments rest, likely resulting from the erosion of the older 

Capo Rosso domes (EE8b, 24-20 ka). However, the lack of seismic profiles does not allow to verify 

this and to measure the shelf width or depth of the possible erosive edge that should be buried 

beneath the sedimentary cover, so this sector has not been considered in the Discussion. 

 

Narrow shelves 

Shelves of relatively narrow width (Figures 6.5a and 6.5b) have been recognized in sector 3 

offshore Castello (EE8a, 27-24 ka) and Falcone (EE7, 43-40 ka) domes (Figures 6.5a and 6.5b), 

being carved in products of this age or slightly older. A strong difference in terms of shelf width is 

noticeable between the southeastern (offshore the Falcone domes, around 460 m wide) and the 
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southwestern shelf of sector 3 (offshore the Pt. di Perciato domes, 750 m wide; Figures 6.5a and 

6.5b), both carved in the EE7 products. As suggested by the strongly uneven morphology of the 

shelf in plan view, mass wasting processes looks more efficient on the southeastern shelf sector in 

eroding the submarine flank of the island. Most of the scars are developed in correspondence of 

the subaerial drainage marking the limits between the several, overlapping small domes 

(belonging to EE7 and EE8) located on the southeastern side of Lipari. These features likely 

promoted the formation of a dense drainage network also offshore (Figure 6.5a), which in turn 

would have amplified the shelf dismantling, decreasing its original edge depth (and/or width), as 

also pointed out along the eastern sector of Salina Island (see Manuscript I). 

 

Intermediate shelves 

The shelf width around the Monterosa volcanic edifices (EE4, 119-114 ka), ranges from c. 400 m 

to c. 845 m (Figures 6.3a and 6.3b), being wider with respect to that carved around the EE7/8 

domes, in agreement with the width-age model (Menard, 1983). However, the erosive edge depth 

along the northern and eastern side of the promontory (around -110/-131 m, respectively) is 

comparable to that of sector 3 where the younger EE7/8 domes are located. The erosive edge is 

deeper offshore the southern side, where it reaches a maximum depth of -159 m, although in 

most of its extension the shelf is eroded (Figure 6.3a). The occurrence of a deep erosive edge and 

of two superimposed SDTs lying on it (Figures 6.3a and 6.4) suggest a possible subsidence that 

affected this portion of the shelf.  

 

Wide shelves 

  The occurrence of the widest and deepest shelf areas offshore the sector 4 is in accordance 

with the age and stratigraphy of the volcanic products exposed onshore. This sector, in fact, 

results from the interaction of different volcanic phases connected to the formation of the “older 

volcanoes” and “western volcanoes” first, overlapped by the EE3 to EE7 products, that partly 

covered the older products (Forni et al., 2013). The coastline and the shelf morphologies reflects 

that interaction and complexity. 

The shelf areas offshore Timpone Carrubbo (TC) and Monte Mazzacaruso (MM) are among the 

widest at Lipari (being from c. 1500 m to 2000 m wide, Figures 6.7a, 6.7b and 6.8), in agreement 

with the inferred old age of the volcanic edifices found onshore. The sub-rounded shape of this 

shelf might outline their paleo-morphology, indicating their possible original extent prior to 

erosion. The erosive shelf edge depth (-180 m and -182 m respectively (Figures 6.7a, 6.7b, 6.8 and 

6.9) suggests that these shelf sectors were subsided after the formation of the shelf, and/or the 

shelf may refer to early products, being older in age than these volcanic edifices. 

The widest shelf of Lipari (c. 2100 m) occurs offshore the Chiesa Vecchia (CV) volcano, also 

belonging to the EE2. Also this portion of the shelf likely suffered subsidence, since the erosive 

shelf edge reaches at maximum -156 m. As suggested by the sub-rounded shape of the deepest 

portion of the shelf offshore CV volcano (Figure 6.9), this shelf area might reflect the original 

extension of the early volcanic center before being largely eroded to form the present shelf. The 

eroded remnants of early volcanic centers have been similarly recognized offshore the nearby SE 

sector of Salina (chapter 5, Manuscript I). Evidence of offshore volcanic activity are also 
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represented by the shallow rounded bank located offshore Le Puntazze and by the profusion of 

submerged cones in the northern Lipari offshore (Romagnoli et al., 2012).  

 

6.3  The vertical mobility of Lipari 

 

The vertical displacement affecting the shelf sectors of Lipari are estimated using the same 

method adopted for Salina (see Manuscript III, chapter 5). The erosive shelf edge depth in the 

different sectors have been related with the eustatic sea-level peaks from the Bintanja et al. 

(2005)’s curve, vertically displaced by the amount of uplift deduced from the elevation of MIS 5.5 

terrace. According to the elevation of the MIS 5.5 terrace at Lipari (43-45 m) and taking into 

account a regional value of +6 (+/-3) m for the eustatic sea-level in the Last Interglacial (Lambeck 

et al., 2004), we calculated here a displacement of 39 m due to the uplift trend (Table 5.2), instead 

of 44 m adopted for Salina, where the same terrace is at 50 m a.s.l. (see Manuscript III, chapter 5). 

Nevertheless, since terraces older than MIS5 were not recognized on the flanks of Lipari (Lucchi et 

al., 2013b), where the MIS 7.3 (221 ka) raised terrace is possibly not formed/preserved, any 

estimate of previous vertical movements (before MIS 5.5, i.e. before 124 ka) cannot be estimated 

here as modeled for Salina. However, evidence of subsidence possibly occurred during the earlier 

stage of development of Lipari, come from the shelf sectors offshore the western coastline of the 

island, as suggested by the occurrence of erosive shelf edges deeper than c. -125 m. According to 

the age estimated for the subaerial volcanic edifices at Lipari, we tried to match the relative sea-

level curve with the height/depth of paleo-sea level markers as we did for Salina, bearing in mind 

all the limitations associated to our method (see Manuscript III, chapter 5).  

In the case of Lipari, the shelves carved in the Timpone Carrubbo (TC) and Monte Mazzacaruso 

(MM) flanks, having the deepest erosive edge (-178/-182) are tentatively related to the paleo-sea 

level during MIS 12 (465 ka) or MIS 10 (356 ka). In the later case, their estimated net displacement 

should be 96 m for TC and 100 m for MM, corresponding to a time-averaged subsidence trend of 

0.41-0.43 m/ka for the time interval between the MIS 10 (356 ka) and the MIS 5 (124 ka). 

Conversely, if the shelves formation is firstly attributed to the MIS 12 (465 ka), the average 

subsidence rates are 0.24 m/ka for TC and 0.28 m/ka for MM (Table 5.2). Actually, the age of the 

TC and MM volcanic edifices is unknown (Forni et al., 2013, Figure 4.4). Regarding the edifices of 

CV and Monterosa, on the base of their age (Figures 4.4, 6.1 and Table 6.2) and of the shallower 

erosive edge (-156 m and -159 m, respectively) with respect TC and MM, we consider MIS 10 (356 

ka) or MIS 8 (272 ka) as possibly related to their initial formation. In the first case, the net 

displacements suffered by the shelf are 74 m and 77 m respectively, yielding an average 

subsidence trend of 0.32-0.33 m/ka for the time interval between the MIS 10 (356 ka) and the MIS 

5 (124 ka). If related to the MIS 8, the net displacements should be of 93 m for CV and 96 m for 

Monterosa, yielding a related subsidence rate of 0.63-0.65 m/ka respectively (Table 5.2). However, 

considering the age of the products of Monterosa (119-114 ka), we also tentatively related the 

initial formation of this shelf area to the MIS 6 (138 ka). The obtained displacement would be -37 

m and the average subsidence rate for the time interval between the MIS 6 and the MIS 5 is 2.64 

m/ka (Table 6.2).   
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Insular shelf Age of 
volcanic 

units 
(ka) 

Present 
Depth 

(m) 

Depth 
Before 
Uplift 
(m) 

Related 
Paleo-s.l. 

(at -10 
m) 

Sea level (m) at 
formation 

Vertical 
Displacement 

(m) 

Subsidence 
Rate(m/ka) 

  (h) (D5.5) (d) (E) D (h+d-E)  

Timp. 
Carrubbo 

Unknown -178 -217 -207 -126 (465 ka, 
MIS12) 

-81 0.24(124-
452ka) 

“  “ 
 

“ “ -111 (356 ka, 
MIS10) 

-96 0.41(124-
356ka) 

“  “ 
 

“ “ -92 (272 ka, 
MIS8) 

-115 0.77(124-
272ka) 

Mazzacaruso Unknown -182 
 

-221 -211 -126 (465 ka, 
MIS12) 

-95 0.28(124-
452ka) 

“  “ 
 

“ “ -111 (356 ka, 
MIS10) 

-100 0.43(124-
356ka) 

“  “ 
 

“ “ -92 (272 ka, 
MIS8) 

-119 0.80(124-
272ka) 

Chiesa 
Vecchia 

267-188 -156 -195 -185 -111 (356 ka, 
MIS10) 

-74 0.32(124-
356ka) 

“  “ 
 

“ “ -92 (272 ka, 
MIS8) 

-93 0.63(124-
272ka) 

Monterosa 119-114 -159 
 

-198 -188 -111 (356 ka, 
MIS10) 

-77 0.33(124-
356ka) 

“  “ 
 

“ “ -92 (272 ka, 
MIS8) 

-96 0.65(124-
272ka) 

  -131 
 

-170 -160 -123 (138 ka, 
MIS6) 

-37 2.64(124-
138ka) 

 

Table 6.2 Displacement amounts and rates relative to the insular shelves around Lipari Island. 

 

6.3.1 THE EARLIER EVOLUTIONARY STAGES OF LIPARI 

The analysis of the geomorphic parameters of the insular shelves (shelf width and depth of the 

erosive edge) around Lipari allowed us to propose a relative age attribution for the volcanic 

centers on which the shelves formed.  

Considering a homogeneous subsidence process before the Last Interglacial, we propose that 

the shelves offshore TC and MM volcanoes are the eroded remnants of the earlier volcanic stages 

of these edifices, that can be considered as among the oldest at Lipari and possibly 

contemporaneous to the oldest centers of Salina (Pizzo Corvo and Monte Fossa delle Felci south, 

see Manuscript III). This evolutionary model is in agreement with that previously proposed by 

Forni et al., (2013) based on onshore studies. By attributing the formation of the shelves around 

TC and MM to the MIS 12 (465 ka), the obtained average subsidence trend (0.24-0.28 m/ka) is 

similar to that estimated for Salina (0.39-0.56 m/ka, see Manuscript III). This relative chronological 

attribution is in agreement with the width of the shelf offshore TC and MM, being amongst the 

widest at Lipari and likely affected by the same amount of subsidence. A further evidence 

supporting this similar evolution is that these volcanic edifices are aligned NW-SE, as Fossa Felci 

South and the nearby flat-topped cone located offshore the SE coastline of Salina (see Manuscripts 

I and III), whose development is associated to the MIS 12 (465 ka). These structures, in fact, follow 

the NNW-SSE oriented volcanic belt striking along the Tindari-Letojanni regional fault system as 

other volcanic features active during the early stages of development of the Aeolian Archipelago 
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(Romagnoli et al., 1989). By taking into account a subsidence rate similar to that of TC and MM 

(0.35 m/ka, Table 5.2), we also infer that the shelf offshore CV was firstly carved during MIS 10 

(356 ka), predating the volcanic activity onshore. This stage of evolution might be related to the 

early development of the sector offshore CV, as previously inferred on the base of the shelf 

morphology and width (see section 5.3.2).  

A comparable average subsidence trend (0.33 m/ka, Table 6.2) is obtained if the initial 

formation of the shelf offshore the southern coastline of Monterosa is attributed to the MIS 10 

(356 ka). Although the attribution to MIS 6 (138 ka) and MIS 8 (272 ka) would better fit the age of 

the volcanic products onland (119-114 ka), the related average subsidence rates (2.64 m/ka and 

0.65 m/ka respectively, Table 6.2) are considered too high and possibly not realistic over the long 

term, if compared to the inferred subsidence trend of the other sectors of Lipari. Therefore, we 

suggest that the early volcanic activity of Monterosa was probably centered here, and occurred 

before the EE4. The sub-rounded morphology of the shelf (Figure 6.3a) and its greater width (c. 

845 m), further support our inference. Conversely, the erosive edge depth of the northern and 

eastern shelf sectors is in the range of the sea level occurred during MIS 2 (22 ka).   

The erosive shelf edge depth offshore the Falcone domes (-120 m) and P. di Perciato (-128 m) is 

compatible with their age and the sea-level depth during LGM (-120 m, Rohling et al., 2014), 

suggesting a tectonic stability or slight uplift for these shelf sectors, in agreement with the uplift 

trend calculated for the island (0.34 m/ka) on the base of the current elevation of the MIS 5 

terraces (Lucchi et al., 2013). Conversely, the shallower shelf edge depth (-95 m) offshore the 

Castello domes, may suggest the occurrence of local vertical movements. The vertical mobility of a 

single volcanic edifice due to local volcanic inflation and deflation processes, in fact, might be very 

high (Lajoie, 1986), although onland there is no evidence of recent volcanic activity in the area that 

might justify vertical displacements of this sector. Further investigation are needed to verify this. 

The erosive shelf edge depth highlights an overall stability or uplift of Banco del Bagno. 

Although physically connected to the shelf offshore MM, its sub-rounded morphology suggests 

that it is an isolated submerged eruptive center, presently not active and partially eroded during 

the LGM, as evidenced by the erosive shelf edge depth. Considering that the uplift trend in the 

Aeolian Archipelago started around 125 ka, the erosive shelf edge depth suggests that this feature 

may be younger than the MIS 5. 

 

6.4 Conclusions 

 

The study of the morphological characteristics (width and erosive edge depth) of the insular shelf 

surrounding Lipari allowed us to better constrain the geological evolution of the earlier portion of 

the volcanic edifice and to infer a similar vertical behavior to that proposed for Salina Island (see 

Manuscript III, chapter 5). In particular, a possible early subsidence for the island of Lipari, that 

was likely active since at least until 465 ka (MIS 12) to (or before) the Last Interglacial, is proposed, 

having similar average rates as at Salina, highlighting that the vertical mobility trend in the central 

Aeolian sector is likely driven by regional tectonic processes.  
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6.5  Insular shelves around Vulcano Island 

 

Similarly to the islands of Salina and Lipari, Vulcano results from the activity of overlapping 

volcanic edifices (De Astis et al., 2013; see Chapter 4). However, the distribution of the volcanic 

edifices is less complex with respect the other islands, being mostly formed by the products of the 

Primordial Vulcano, Monti Lentia and La Fossa Cone (LFC hereafter). At Vulcano, the shelf has 

been divided in four sectors on the base of the shelf characteristics and of the distribution of the 

main volcanic edifices onshore (Figure 6.14). 
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Figure 6.14 Simplified geological map of Vulcano (modified after De Astis et al., 2013) merged on the DEM 

of the island and the multibeam bathymetry of the submarine shallow areas. The black boxes locate the 

shelf sectors represented in figures 6.15a, 6.15b, 6.16a,6.17a and 6.18. 

 

 

 

 



142 
 

SECTOR 1 

This sector runs along the eastern, southern and the southwestern coastline of Vulcano from 

Punta Luccia to Punta del Rosario (Figures 6.15a and 6.15b). It is carved in the products of the 

Primordial Vulcano stratocone belonging to the EE2 (117-101 ka, Figure 6.14).  

The shelf offshore the eastern side of Vulcano (from Punta Luccia to Punta Bandiera, Figure 6.15a) 

has an irregular shape, with small-scale (few tens of meters wide) and medium-scale (few hundred 

of meters wide) scars that contribute to create a strongly uneven shelf morphology (Figure 6.15a). 

The shelf is mostly sediment-starved and furrowed, on its top, by channelized features, in 

continuity with the subaerial drainage. The shelf width varies from c. 230 m to c. 680 m, being 

progressively wider to the south (Figures 6.15a and 6.15c). From Punta Bandiera to Faro Nuovo, 

along the southern flank of Vulcano, the shelf widens to some hundreds m (up to c. 870 m), being 

then interrupted by the wide scar offshore Faro Nuovo (Figures 6.15b and 6.15c). From Faro 

Nuovo to Punta del Rosario, the shelf exhibits a convex shape interrupted by incised by a 600 m-

wide headwall scars. Its width increases up to a maximum value of 925 m (Figures 6.15b and 

6.15c). As for the erosive shelf edge depth, offshore the eastern and southern flank of Vulcano it is 

constantly around -110/-125 m, apart from few portions (mostly offshore Punta Bandiera and in 

the south-western area) where it is slightly deeper, reaching at maximum c. -150 m (Figures 6.15a 

and 6.15c).  

Despite the lack of seismic profiles, from the bathymetric appearance the eastern and the 

southeastern shelves appear almost devoid of sediments, exhibiting only small deposits trending 

parallel to the coastline on the inner shelf down to -10/-15 m (Figure 6.15a). Conversely, from Faro 

Nuovo to Punta del Mortaro the sedimentary cover looks organized in two superimposed SDTs 

(Figure 6.15b) having a depositional break at roughly -40/-45 m and -90/-95 m. Their thickness 

cannot be measured due to the lack of seismic profiles in the area. To the north of Punta del 

Mortaro only a single SDT is visible, exhibiting a depositional break at roughly -40/-50 m (Figure 

6.15a).  
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Figure 6.15a.  Shaded relief map representing the easternmost portion of shelf sector 1. The black dashed 

line represents the eastern limit of the shelf sector 1. 
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Figure 6.15b.  Shaded relief map representing the southernmost portion of shelf sector 1. The black dashed 

line represents the western limit of the shelf sector 1. 
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Figure 6.15c.  Graphs showing the shelf width and shelf edge depth for shelf sector 1. 

 

SECTOR 2 

This sector runs aside the Capo Secco eccentric lava cone from Punta del Rosario to Punta del 

Capo Secco (Figure 6.16a). The shelf is carved in the thick succession of lava flows belonging to 

EE1, partly overlapped by the EE2 “Primordial Vulcano” products and by the EE6 pyroclastic 

successions (Figure 6.14). This sector of the shelf has a semicircular shape, with a shelf width 

gradually increasing in the central part (where it ranges from c. 900 to up to c. 1367 m, (Figures 

6.16a and 6.16b), while in the southernmost part it is dissected by a wide (up to c. 900 m) scar 

offshore Punta Conigliara (Figures 6.16a and 6.16b). The shelf edge depth is very constant along 

the whole sector, ranging from c.-100 m to -128 m (Figures 6.16a and 6.16b). The shelf is covered 

by a single main SDT, with a depositional edge located roughly at -40/-45 m (Figure 6.16a). 
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 Figure 6.16a.  Shaded relief map representing shelf sector 2. The black dashed lines represents the limits of 

the shelf sector 2. 

 



147 
 

 
 

Figure 6.16b. Graphs showing the shelf width and shelf edge depth for shelf sector 2. 

                                                                                                                                 

SECTOR 3 

This sector runs along the northwestern side of the island from Scoglio di Capo Secco to Punta Cala 

del Formaggio (Figure 6.17a). The strongly irregular coastline is carved in the products of the EE2 

overlapped by younger EE6, EE7 and EE8 (Monte Lentia lava domes products, Figure 6.14). The 

shelf is locally deeply eroded by mass wasting processes reaching the shallow water areas and 

causing a very variable shelf width along this sector (Figure 6.17a). The scar headwalls dissect the 

shelf in three main sub-rounded portions that reflect the morphology of the Monte Lentia domes 

onshore (Figure 6.17a). The shelf offshore the southernmost domes (from Scoglio di Capo Secco to 

Punta del Monaco) is up c. 800 m wide, while to the north (offshore Cala del Formaggio) the width 

increases up to c. 1260 m (Figures 6.17a and 6.17b). The erosive shelf edge depth is similar along 

the entire sector, being generally from -74 m to -104 m (Figures 6.17a and 6.17b). The inner shelf 
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is characterized by an E-W elongated rocky outcrops developed down to -35/-45 m depth, likely 

representing the seaward continuation of subaerial coulées from the nearby Monti Lentia 

(Romagnoli et al., 2013b, Figure 6.17a). They are characterized by distinctive lobate outlines, low 

relief and rugged surface texture. Sediments are sparse in this shelf sector, in particular in the 

southernmost portion where mass wasting processes likely prevent the formation of a uniform 

sedimentary cover. Nevertheless, the widest portion of the shelf offshore Cala Formaggio is 

covered by a thick SDT exhibiting a depositional edge at -45 m (Figure 6.17a). 

 

 
 

Figure 6.17a.  Shaded relief map representing the easternmost portion of shelf sector 3. The black dashed 

lines represents the limits of the shelf sector 3. 
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Figure 6.17b.  Graphs showing the shelf width and shelf edge depth for shelf sector 3. 

 

SECTOR 4 

This sector runs aside the Vulcanello composite cone and the northeastern border of La Fossa 

Cone to Punta Luccia (Figure 6.18), i.e. in correspondence of the products of the youngest volcanic 

activity of Vulcano island (Figure 6.14). No insular shelf is observed here, but a narrow, sediment-

starved shore platform (Figure 6.18) develops down to a maximum depth of 30 m all around 

Vulcanello (Romagnoli et al., 2013). The same characteristics have been recognized offshore sector 

1 at Lipari (see chapter 6.1.1). The age of the products erupted onshore (8ka-AD1890, De Astis et 

al., 2013) is similar to those erupted at Lipari (8ka-AD1220, Forni et al., 2013), suggesting a 
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common evolution of these sectors. A submarine network of erosive scars and channels affects 

instead the easternmost portion of this sector (Figure 6.18). 

 

 
 

Figure 6.18.  Shaded relief map representing the easternmost portion of shelf sector 4. The black dashed 

lines represents the limits of the shelf sector  4. 

 

6.6 The evolution of the shelf around Vulcano 

  

The island of Vulcano is surrounded by relatively narrow shelves (up to c. 1370 m wide, but mostly 

narrower than 1000 m) compared to that of Salina and Lipari (up to 2100 m wide), in accordance 

with the younger age of the products onshore.  On the base of the occurrence of a well-developed 

insular shelf offshore the Capo Secco, this latter was already inferred to be the oldest volcanic 

center of the island (Romagnoli et al., 1989 e 2013; De Astis et al., 2006). Similar value of shelf 
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widths are observed also off Faro Nuovo and Punta Bandiera, that likely represent the trace 

(presently submerged) of other eccentric volcanic centres, predating the formation of Primordial 

Vulcano. 

Romagnoli (2013) also inferred the occurrence of an earlier stage of volcanic activity offshore Cala 

del Formaggio on the base of an “anomalously” wide shelf (up to over 1200 m wide) with respect 

to a shelf width/age model and compared to the young age of the products cropping out onshore, 

possibly associated to a “rhyolitic phase” older than the emplacement of the Lentia Domes 

products. In this work, the systematic analysis of the geomorphic parameters of the shelf 

highlights the occurrence of a shelf offshore Punta Cala del Formaggio with an erosive edge depth 

between -74 m and -104 m, likely due to later lava progradation onto an early formed shelf. In 

fact, post-erosional lava flows can overflow the coast and partly or completely fill the 

accommodation space created in shallow water by past erosion, creating a “rejuvenated shelf”, as 

observed in some shelf sectors offshore Pico island in the Azores Archipelago (Quartau et al., 

2015b).  

The shelf edge depth at Vulcano, being mostly c. -100/-125 m, records the sea-level depth 

during the MIS 2 (Romagnoli et al. 2013). Very small portions of the island exhibit a locally deeper 

erosive edge located at -135/-145 m, attesting for possible subsidence processes, likely in 

correspondence with older volcanic centres. However, due the relatively young age of Vulcano it is 

difficult to verify if this subsidence can be somehow related to the inferred subsidence trend 

reconstructed in the Central Aeolian Archipelago on the base of deeper shelves as active before 

MIS 5 (section 6.1.3 and Manuscript III, chapter 5).  
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7. INSULAR SHELVES IN THE AZORES ARCHIPELAGO: MORPHO-ACOUSTIC 

CHARACTERIZATION, CONTROLLING FACTORS AND IMPLICATIONS FOR 

SANTA MARIA ISLAND GEOLOGICAL EVOLUTION 
 

7.1 Santa Maria Island: Manuscript IV 

In this study we combined high-resolution bathymetric data and an extensive single-channel 

seismic dataset with detailed onshore geological field studies performed on Santa Maria Island 

(Azores Archipelago) to better understand the connection between the onshore and the offshore 

domains. By analysing the geomorphic parameters of the shelf (shelf width and erosive edge 

depth) and relating the morphology of the outcrops found on the shelf with those onshore, we 

provide a simplified geological map of the offshore. Moreover, we studied how varied wave 

influence, oceanographic/climatic regime and sediment supply influence the development and the 

distribution of the sedimentary bodies on the shelves. The finding of clear relationships could 

improve our comprehension on the factors controlling the formation and evolution of such 

sediments in other high-energy, wave-dominated shelves. 

 

“The interplay between volcanic, tectonic, erosive and sedimentary processes on volcanic islands 

shelves” 

 

Authors:    

- Alessandro Ricchi (University of Bologna, Bologna – Italy) 

- Rui Quartau (Instituto Hidrográfico, Divisão de Geologia Marinha);  

(Universidade de Lisboa, Instituto Geofisico Infante Dom Luiz, Instituto Dom Luiz, 

Faculdade de Ciências da Universidade de Lisboa, Lisbon, Portugal). 

- Ricardo Ramalho (University of Bristol, UK) 

- Claudia Romagnoli (University of Bologna, Bologna – Italy); 

(Istituto di Geologia Ambientale e Geoingegneria, Consiglio Nazione delle Ricerche, Rome – 

Italy). 

- Daniele Casalbore (University of Rome – “La Sapienza”, Rome – Italy); 

(Istituto di Geologia Ambientale e Geoingegneria, Consiglio Nazione delle Ricerche, Rome – 

Italy).  

 

Status: in preparation. 
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8. SEA LEVEL FLUCTUATIONS VS VERTICAL MOBILITY AT SANTA MARIA 

ISLAND 

 

8.1 Santa Maria Island: Manuscript V 

 

The study carried out at Santa Maria focuses on the long-term generation and preservation of 

both submerged and raised marine terraces along the shelf and coast of a slowly uplifting volcanic 

island, and discusses which factors control the formation of such coastal morphologies. Our work 

exploits a very high-resolution marine geophysics dataset on the shelf of this island, to provide an 

integrated onshore/offshore analysis on the formation of marine terraces.  

Taking into account the occurrence of raised marine terraces on the island (previously reported by 

Ramalho et al., 2017), we correlated the formation of the different raised and submerged terraces 

with relative sea-level changes. By considering and discussing the complex interplay between 

glacio-eustatic sea-level fluctuations, and the island vertical motion trends, we also propose a 

possible timeframe for the formation of the terraces, with presently raised marine terraces mostly 

formed from ~3.5 Ma to ~1 Ma, and submerged terraces formed from ~1 Ma to the Last Glacial 

Maximum.  

My contribution to this paper covers the whole range of activities associated to a scientific 

research: I joined the scientific team during the PLATMAR cruise around Santa Maria to collect the 

dataset, which I successively processed (seismic profiles) at the Instituto Hidrografico in Lisbon. 

Being the first author I wrote a first draft of the manuscript, completed with the support of all the 

authors.  

 

“Marine terrace development on reefless volcanic islands: new insights from high-resolution 

geophysical data offshore Santa Maria Island (Azores Archipelago)” 

 

Authors:    

- Alessandro Ricchi (University of Bologna, Bologna – Italy) 

- Rui Quartau (Instituto Hidrográfico, Divisão de Geologia Marinha);  
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9. FACTORS CONTROLLING SHELVES FORMATION AND EVOLUTION: A 

COMPARISON BETWEEN THE AEOLIAN AND THE AZORES 
 

The detailed analysis of the insular shelves surrounding the islands of the Central Aeolian 

archipelago and Santa Maria Island in the Azores allowed us to investigate the processes that 

control their formation and evolution, and to compare the related effects on islands characterized 

by markedly different age, geodynamic and oceanographic contexts. The morphological 

characteristics of the shelves around the central Aeolian sector and Santa Maria are typical of 

insular shelves formed by marine erosive processes, located in reefless areas. Wave erosion, along 

with subaerial erosion, is the most powerful agent promoting the destruction of volcanic islands’ 

flanks and the coastline retreat. Combined with sea-level changes (due to eustatic fluctuations 

occurring during the Pliocene and Quaternary and to vertical crustal movements), wave erosion 

may affect (and be recorded within) a large range of depth/heights. Nevertheless, several other 

factors, such as the different time of exposure to marine erosion, the degree of wave exposure, 

active tectonics and mass wasting, post-erosional volcanism and varied geological resistance to 

erosion, can interplay in a complex manner and influence the final morphology of insular shelves. 

In this chapter the effects of these processes are discussed and compared, taking the shelves of 

the central Aeolian sector and Santa Maria Island as case studies.    

    

TIME OF EXPOSURE TO MARINE EROSION 

Overall, by comparing the studied shelves with the subaerial portions of the islands forming the 

central Aeolian sector and Santa Maria, a good correspondence between the shelf width and the 

age of the volcanic edifices onshore is commonly observed, as pointed out for other volcanic 

islands such as the Canaries (Menard, 1983; Mitchell et al., 2003; Llanes et al., 2009), Antilles (Le 

Friant et al., 2004), Faial, Pico and Terceira in the Azores (Quartau et al., 2010, 2012, 2015b; 

Casalbore et al., 2015) and other Aeolian Islands (Romagnoli, 2013). At Salina, the widest shelves 

located offshore the W, the NE and the SE sectors are associated to the oldest volcanic edifices of 

Pizzo Corvo, Pizzo Capo and Monte Fossa delle Felci (Lucchi et al., 2013a; Manuscript I) or to some 

early centers not exposed onland. At Lipari, the widest shelf sector mostly runs along the western 

coastline, offshore the “older volcanoes” and “the western volcanoes” recognized by Forni et al. 

(2013) as the oldest of the island, and in a small sector around the Monte Rosa volcano in the 

eastern part (Romagnoli et al., 2013a). Likewise, the widest shelves recognized around Vulcano are 

located offshore the now almost entirely dismantled Capo Secco lava cone, referred as the first 

site of subaerial activity of the island (De Astis et al., 2013; Romagnoli et al., 2013b). At Santa 

Maria, the widest northern shelf (c. 8 km wide) is carved on the flanks of the oldest (now partly 

dismantled) stratovolcano of the island, belonging to the Anjos Volcanic complex (Ramalho et al., 

2017). In this thesis, the relationship between shelf width, erosive edge depth and age of the 

related volcanic units (where available) has been investigated with more detail. In particular, at 

Salina the northwestern (sector 4 in Table 9.1) and the southeastern (Sector 7 in Table 9.1) shelf 

sectors are characterized by wide (1730 m and 1690 m, respectively) and deep (-141 m and -212 

m, respectively) shelves, compared with the age of the products outcropping onshore (244 ka and 
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160 ka, respectively) and considering the history of vertical movements of the island (see 

Manuscript II). These evidences are explained with the occurrence of early volcanic centers, 

presently partly dismantled, whose products are no more exposed onland and that likely predate 

the volcanic activity onshore (see Manuscrtipt I, chapter 5.1). The age of these eruptive centres is 

unknown due to the lack of rock samples for dating, however by correlating the erosive edge 

depth with the sea-level curve of Rohling et al. (2014) and assuming a steady state of subsidence 

they have been associated to the MIS 10 (356 ka, northwestern sector) and MIS 12 (465 ka, 

southeastern sector, see Manuscript II, chapter 5.2). Likewise, at Santa Maria by correlating the 

erosive edge depth with the relative sea-leve curve and taking into account the vertical mobility of 

the island, the deep shelf area found on the northwestern sector has been tentatively associated 

to an early center that predates the volcanic activity onshore (Proto-Santa Maria island, see 

Manuscript IV). The wide shelf (c. 8 Km) of the northeastern sector, being slightly shallower, has 

been instead related to the initial volcanic activity of the Anjos stratovolcano (see Chapter 7).     

By comparing the width of the shelves surrounding Santa Maria with those in the central 

Aeolian islands, the former (and older) appear much larger, indicating the role exerted by the time 

of exposure to marine erosive processes and sea-level fluctuations (see below and chapters 5 and 

7). Accordingly, the widest shelf sectors observed off the oldest portions of the central Aeolian 

sector is c. 2 km wide (Lipari and Salina), that is a minimum value for shelf width in Santa Maria, 

where some shelf sectors exhibit a width of c. 8 km (Table 9.1). The erosion rates estimated for 

Santa Maria and the Aeolians are then obtained by dividing the maximum shelf width for the age 

of the products exposed on land. This method, adopted by several authors (see Quartau et al., 

2012; Romagnoli and Jacobsson, 2015 and references therein), provides a rough estimate of cliff 

recession rate, since several factors may cause an overestimation or underestimation of the real 

amount of shelf widening/cliff retreat. Measures have been carried out considering only the 

maximum shelf width because a sector affected by mass wasting, exhibits a shelf that is narrower 

due to a process that is not related to wave erosion (see Chapter 3).  
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Santa Maria    
 Age (Ma) Shelf width (m) Erosion rate (mm/yr) 

    

N sector 5.8 8200 1.41 

W sector 5.8 5000 0.86 
E sector 4.1 2360 0.58 

S sector 5.8 2610 0.45 

    

Salina    
 Age (ka) Shelf width (m) Erosion rate (mm/yr) 

    

Sector 2 465 2048 4.40 

Sector 4 356(244) 1730 4.86 (7.09) 
Sector 5 244 750 3.07 

Sector 7 465 (160) 1690 3.63 (10.56) 

Sector 6 160 720 4.5 

Sector 3 70 960 13.71 

Sector 1 70 650 9.28 

    

Lipari    

 Age (ka) Shelf width (m) Erosion rate (mm/yr) 

    

Timp. Carrubbo 465 (?) 1515 3.26 

M.Mazzacaruso 465 (?) 2048 4.40 

Chiesa Vecchia 356(188) 2115 5.94 (11.25) 
SE sector 43 463 10.77 

SW sector 43 862 20.04 

NEsec. CapoRosso 27 560 20.74 

NEsec. RoccheRosse 1.4 227 162.1 

    

Vulcano    

 Age (ka) Shelf width (m) Erosion rate (mm/yr) 

    
Capo Secco c.127 1367 10.76 

 

Table 9.1. Time averaged shelf erosion rates estimated for the studied islands, obtained by considering the 

age of the volcanic units onshore (in black) or the inferred age of the offshore portions (in red). See 

Manuscript I, II and IV for details and references for absolute ages.  

 

If we compare the time-averaged shelf erosion rates obtained for the Central Aeolian sector and at 

Santa Maria (Table 9.1), based on the age of related products onland (that is a minimum age), 

average erosion rates appear one order of magnitude higher in the central Aeolian islands, being 

from c. 3 to c. 11 mm/yr against 0.4-1.4 mm/yr obtained for Santa Maria (Table 9.1). Remarkably, 

the erosion rates in the Aeolians are of the same order of magnitude of those calculated for Faial 

and Terceira in the Azores (12-20 mm/yr, Quartau et al., 2015a) whose ages are comprised 
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between c. 120-400 ka. The erosion rates calculated for Santa Maria are instead similar to those of 

older volcanic islands as the Canary (0.6 mm/yr), the reefless Hawaiians (1.7 mm/yr, Menard, 

1983, 1986) and Lord Howe island, Australia (1.7 mm/yr, Dickinson, 2004). Erosion rates appear 

thus dependent on the period of detection, being higher in the short term, and this tendency is 

probably associated to the episodic nature of cliff recession (Quartau et al., 2010). 

In the short-term, Romagnoli and Jakobsson (2015) described the effects of marine erosion on 

cliff recession in the newly formed island of Surtsey (Iceland) emerged in the North Atlantic in 

1963, and compared them with other young volcanic islands characterized by surtseyan 

(phreatomagmatic) activity. They found that during syn-eruptive stages, or shortly after the end of 

the eruption (i.e. first months/years), erosion rates are very high, ranging from c. 10 to more than 

c. 100 m/yr, while they are lower (from some metres per year to less than 1 m) on longer time 

range (decades). However, these estimate refer to present shore platforms, and cannot take into 

account the contribution of sea-level fluctuations.  

Conversely, wave attenuation induced by shore platforms or insular shelves appear to play an 

important role if long periods of time are considered: in fact, as the shelf become wider and 

gently-sloping, the increasing effect of wave attenuation reduces the energy of marine erosion, 

resulting in slower rates of cliff recession. As a consequence, erosion rates appear lower for islands 

surrounded by wider shelves (Trenhaile, 2000), like Santa Maria, and this may cause the 

relationship between time and shelf widening to be not-linear and long term (Mitchell et al., 2003; 

Llanes et al., 2009; Quartau et al., 2010). The Aeolian Islands are relatively young compared with 

Santa Maria and other oceanic islands, therefore they are far from that “state of equilibrium” 

(Trenhaile, 2000; Quartau et al., 2010), as demonstrated by their higher rates. Nevertheless, it is 

likely that the relatively high (compared to Santa Maria) uplift rate of the Aoelian Islands in the last 

127 ka and the active volcanism, are actively opposing the shoreline erosion, helping the islands to 

survive the erosive processes.  

 

DEGREE OF WAVE EXPOSURE 

Wave erosion is also strongly influenced by the exposure to dominant winds, which is 

considered a first-order controlling factor on the effectiveness of marine erosion processes 

(Llanes, 2009; Quartau et al., 2010; Romagnoli and Jakobsson, 2015). The intensity of marine 

erosion and the rate of shorelines retreat are linked to wave energy parameters (Trenhaile, 1987, 

2000, 2001). Normally, insular shelves carved in volcanic products of similar age are wider if 

located offshore the windward side of the island (Quartau et al., 2010; 2014 Romagnoli et al., 2013 

and Manuscript I), i.e. more exposed to the energy of the waves, as observed at Prince Edward 

Island in the Indian Ocean (Mitchell et al., 2003), Madeira in the Atlantic (Brum da Silveira et al., 

2010b), and the Hawai’i in the Pacific (Menard, 1986), Gomera in the Canary Islands (Llanes et al., 

2009). Furthermore, the Azores islands are located in a more energetic environment (the Atlantic 

Ocean) with respect to the Aeolian archipelago (Mediterranean Sea), and they are struck by more 

severe and frequent storms (maximum Hs up to c. 20 m vs 6 m, respectively; Cicala, 2000; Andrade 

et al., 2008; Rusu and Guedes Soares, 2012). In the Azores, in fact, c. 70% of the most energetic 

waves comes from north, west and northwest (Andrade et al., 2008). The fetch exposition is also 

higher in the Azores (more than 1000 nautical miles for the westernmost sectors) with respect to 
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the Aeolian islands (c. 300 nautical miles). Accordingly, the widest shelf sectors are commonly 

located off the northern and western side of the islands (Quartau et al., 2012, 2014, 2015b). In this 

work (Chapter 7, Manuscript IV) it is proposed that, due to the effects of northwestern stronger 

winds, the southern shelf sector at Santa Maria is narrower with respect to the northern one, 

despite being both carved in the same volcanic products (Anjos Volcanic Complex).  

The effects of wave exposure on shelf width has also been locally observed in the Aeolian 

Islands, despite the milder meteo-marine conditions with respect to the Atlantic. In the Southern 

Tyrrhenian Sea, stronger winds and major storms usually come from the west and northwest 

direction. Nevertheless, this relationship is not always straightforward, since other factors, such as 

the occurrence of eccentric eroded cones, might influence the shelf width independently from the 

exposure to dominant winds and the waves energy (see for instance in the southeastern portion 

of Salina, that is a sheltered sector with respect to westerly winds). For instance, the marked 

difference in width off the eastern side of Pizzo Capo at Salina, has been partly related to the 

slightly different age of the erupted products (see Manuscript I).  

 

ISLANDS VERTICAL MOBILITY AND RELATIVE SEA-LEVEL FLUCTUATIONS 

As indicated in Chapters 6 and 8, volcanic islands are normally affected by vertical movements. 

Most of the oceanic volcanic islands are subjected to long term subsidence due to flexural loading 

(Walcott, 1970; Watts and ten Brinck, 1989), age-driven plate cooling (Stein and Stein, 1992) and 

hot spot swell decay (Morgan et al., 1995; Ramalho, 2011), while hotspot swell growth, far field 

effects of surface loading by other islands, vicinity to active plate margins, erosional unloading and 

mass wasting might be responsible for islands’ uplift (McNutt and Menard, 1978; Melosh, 1978; 

Grigg and Jones, 1997; Rubin et al., 2000; Menendez et al., 2008; McMurtry et al., 2010; Madeira 

et al., 2010; Ramalho et al., 2010a,b,c; Ramalho, 2011). Uplift can also be a common process in the 

evolution of a volcanic island. Long-lived islands (over 10 Ma old) such as Sal, Boa Vista, Maio and 

Fuerteventura in the Atlantic Ocean, survived marine erosive processes because of the uplift (and 

wave attenuation effects, as discussed above)(Zazo et al., 2002; Dyhr and Holm, 2010; Ramalho et 

al., 2010 a, b;). Santa Maria is in such an age range. The uplift trend is considered to have almost 

doubled its area (Quartau et al., 2016), opposing to the effects of coastline retreat. 

The effects of the islands vertical mobility on the development of insular shelves are still 

debated (Marques et al., 2016; Quartau et al., 2016), although many authors agree that 

subsidence affects the width of the shelves (Menard, 1983; Ramalho et al., 2013, 2017; Quartau et 

al., 2014; Trenhaile, 2014) and its effect can cause overestimation when measuring the waves 

erosion rates. Quartau et al. (2018b) quantitatively assessed the contribution of subsidence to 

shelf widening by comparing the present width of real cross-shore profiles with modeled profiles 

at Faial and Pico islands (Azores archipelago), revealing that subsidence might increase the shelf 

width up to 2.5 times. Because of subsidence, the nearshore water depth increases and 

consequently wave attenuation decreases, promoting the migration of the breaker zone close to 

the shore. Therefore, the wave energy at the cliff toe increases, boosting the shoreline retreat 

(Trenhaile, 2014).  Moreover, subsidence may bring the erosive shelf edge below the maximum 

depth reached by the sea-level during lowstands. In such cases the erosive shelf edge is more 

protected from the erosion accomplished in the intertidal zone during the successive lowstand 
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stages, promoting shelf widening (Quartau et al., 2018b). The effects of subsidence and uplift on 

the shelf width are invariably connected with relative sea-level fluctuations. In particular, the 

amplitude of sea-level changes (local or global) has a profound effect on insular shelves 

development because of its impact on marine erosion. Generally, large eustatic variations (as 

those occurring since c. 1 Ma, Bintanja et al., 2005; Bintanja and van de Wal, 2008) promote the 

formation of wide and deep shelves. The islands of the central Aeolian sector are all younger than 

450 ka, therefore they suffered only Late Quaternary (high-amplitude) sea-level fluctuations. 

Conversely, the shelf around Santa Maria was initially carved during low-amplitude sea-level 

fluctuations conditions (until 1 Ma ago), when the marine erosion probably started forming the 

presently wide shelf surrounding the island. Despite being difficult to quantitatively assess how 

the low-amplitude fluctuations affected the wave erosion rates during the first stages of 

development of the island, it is proposed that the rate of shelf widening around Santa Maria 

sharply increased 1 Ma ago (Chapter 8, Manuscript V). Since the last 1 Ma, in fact, the amplitude 

of the eustatic sea-level cycles remained almost constant (Bintanja et al., 2005; Bintanja and van 

de Wal, 2008; Rohling et al., 2014), a condition that promoted the formation of wide and gently 

sloping shelves and the achievement of a state of static equilibrium in the studied areas. The 

increased wave erosion due to high-amplitude sea-level fluctuations might have been partly 

compensated by the increased wave attenuation and slower coastline erosion due to uplift of the 

island (Trenhaile, 1989, 2001). 

The islands studied in this project have been affected by early subsidence changing to uplift 

during their geological evolution. In the central Aeolian sector, the rates of uplift have been 

calculated by Lucchi (2009), Lucchi et al. (2013a, b) on the base of subaerial, raised marine 

terraces, while the subsidence trend was inferred taking into account the insular shelf edges by 

Lucchi et al. (in press; Chapter 6). An uplift of 0.34/0.36 m/ka, active since the Last Interglacial, has 

been estimated, while subsidence was likely active before (at least since the MIS 12) at a rate of 

0.39/0.56 m/ka at Salina and 0.24/0.28 m/ka at Lipari (see chapter 6). Santa Maria has been 

affected by early subsidence at an average rate of c. 0.1 m/ka from 5.5 to 3.5 Ma, which then 

turned into uplift with a progressively decreasing rate of 0.059/0.042 m/ka (Ramalho et al., 2017; 

chapter 8)(Table 9.2). This complex vertical behavior results in the setting of the studied insular 

shelves. The relatively high subsidence rate of Salina and Lipari might have boosted the shelf 

widening, and likely partly explain the higher shelf erosive rates in the central Aeolian sector.  
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Fig. 9.1 Simulated cross-shore shelf profiles. In brown the present day profile, in dark blue and in light blue 

the same profile with and without subsidence respectively (Modified after Quartau et al., 2018b). 

 

 

 Uplift (m/ka) Period  Subsidence (m/ka) Period 

Salina 0.36* MIS 5.5 - present  0.39/0.56 MIS 12 (?) - MIS 5.5 

Lipari 0.34* MIS 5.5 - present  0.24/0.28 MIS 12 (?) – MIS 5.5 

S. Maria 0.059 3.5 - 2.15 Ma  0.1* 6 (?) – 3.5 Ma 

 0.042 2.15Ma - present    

 

Table 9.2 Average uplift and subsidence rates derived from literature (with asterisk: Lucchi et al., 2013b; 

Ramalho et al., 2017) and calcaluted for Salina, Lipari and Santa Maria Islands.  

 

TECTONICS AND MASS WASTING 

Active or inherited volcano-tectonic structures resulting from either regional or local 

tectonic/volcanic stresses might influence the coastal and shelf morphology. Erosion rates might 

be influenced by active or inactive tectonic structures such as faults and dikes that may have 

effects on the geometry of coastal and marine areas (Ramalho et al., 2013). Tectonic lineaments 

represent weakness features that promote differential erosion, while faults slips might trigger 

mass wasting processes affecting the shelf width and the depth of the shelf edge. Regional and 
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local structural controls have been recognized both in the Azores (Madeira at al., 2015) and in the 

Aeolian Archipelago (Ventura et al., 2013). Long-terms and large-scale deformation due to the 

geodynamic setting of both archipelagoes are reflected, for instance, in vertical movements 

affecting the islands in opposite direction (uplift/subsidence; Lucchi et al., 2007b; Lucchi, 2009; 

Ramalho et al., 2017). At the local scale, fault activity might superimpose on the regional tectonic 

trends. At Santa Maria, several faults observed onshore (Madeira et al., 2015) are developed also 

on the surrounding shelf, affecting the morphology of the subaerial and submerged portions of 

the islands and the marine terraces distribution and width (see the western shelf of Santa Maria, 

Fig. 8 in Manuscript V, chapter 8). In the southern shelf sector, tectonic lineaments apparently 

promoted the development of scars that, in turn, contributed to the shelf narrowing (Figure 9 in 

Manuscript V, chapter 8). Conversely, in the central Aeolian sector the effects of faulting activity 

on the development of the shelf is less evident, although it appears to locally induce mass wasting 

or tectonic subsidence (see chapters 4 and 5). 

Mass wasting at different scales contributes significantly to shelf and subaerial island 

dismantling that, in turn, would amplify the erosion of the coastlines, due to retrogressive erosion. 

Moreover, the removal of the gently-sloping surface of the shelf reduces the wave attenuation. 

The subaerial and submerged flanks of volcanic islands are frequently dominated by large-scale 

sector collapses, as observed in the Hawaii (Moore et al., 1994), Canaries (Masson et al., 2002), La 

Reunion (Oehler et al., 2008), Stromboli in the Aeolian Archipelago (Romagnoli et al., 2009a and 

2009b), Aleutians (Montanaro and Beget, 2011) and Madeira island (Quartau et al., 2018b). 

However, at Santa Maria and in the Central Aeolian sector large-scale instability features are not 

observed. Insular shelves here are instead affected by local erosion at the outer edge (Chiocci and 

Casalbore, 2017).  

At Santa Maria, erosive scars located at or close to the shelf edge do not exhibit any direct 

connection with the subaerial drainage system in the present high-stand condition, therefore the 

risk of shelf retreat due to gullies and canyons is much lower when compared to the Aeolian 

Archipelago. Here, offshore the eastern side of Salina, the eastern side of Lipari and the western 

and eastern sides of Vulcano (see Manuscript I and chapter 6) some portions of the shelf are 

poorly developed and dissected by scars converging in larger channels at deeper depths. This, 

along with the connection with the subaerial drainage system, promotes the erosion of the shelf 

and the transport of the eroded material from the onshore to the offshore.   

 

POST-EROSIONAL VOLCANISM 

Volcanism controls the islands growth and can change the coastlines and shelves rapidly and 

dramatically, depending on its nature (Ramalho et al., 2013). Although most of the volcanic 

activity inducing the island growth is concentrated in the first phases of the island evolution 

(Schmidt & Schmincke, 2000), on most volcanic islands, episodes of post-erosional volcanism may 

occur, rejuvenating the island morphology after long periods of quiescence. In the case post-

erosional volcanism occurs after a period of erosion of the islands flanks, the geometry of the 

newly erupted units is conditioned by the topography assumed by the volcanic edifice (Clague and 

Darlymple, 1987; Carracedo, 1999; Schiminke, 2004; Ramalho, 2011). For instance, complex 

coastal morphologies may be common on edifices affected by post-erosional volcanism (Quartau 
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et al., 2015b). If abundant, lava flows may partially or completely fill the accommodation space 

carved by erosion, narrowing the original shelf width, leading eventually to underestimate the 

shelf erosive rates (Quartau et al., 2015b). 

At Santa Maria the last subaerial volcanic activity occurred 2.8 Ma ago (Ramalho et al., 2017). 

However, Ramalho et al. (in preparation) recognized a likely recent submerged tuff ring on the 

northern shelf at -80 m. Nevertheless, apart from this local manifestation of post-erosional 

volcanism, young lava flows reaching the submarine areas that might have reduced the shelf width 

were not recognized, hence the is no evidence of rejuvenation on the shelf around Santa Maria. In 

the central Aeolian sector, instead, some late volcanism occurred at Salina, Lipari and Vulcano (De 

Astis et al., 2013; Forni et al., 2013; Lucchi et al., 2013a, b). However, only offshore Punta Cala del 

Formaggio on the western shelf of Vulcano (see Figure 6.16a in chapter 6) evidence of 

rejuvenation have been recognized. Differently from what has been observed at Pico Island 

(Quartau et al., 2015b), the few “fresh” lava flows recognized on most of the shelves in the Central 

Aeolian sector do not affect the shelf width nor the erosive edge depth. Nevertheless, several 

volcanic progradations during the lifetime of the islands were possibly not recorded on the shelf, 

because of the effect of wave erosion accomplished at different elevation in response to glacio-

eustatic sea-leve fluctuations and islands’ vertical movments.  

   

LITHOLOGY CONTROL AND SEDIMENT DISTRIBUTION ON THE SHELF 

 

The lithology and structure of the eroded rocks influence the mechanical properties of the 

coastlines and their resistance to marine erosion, so adjacent shelf sectors might have different 

widths due to their different lithology. Different erosion rates may thus occur over times and 

space scales (Trenhaile, 2011, see also discussion on “time of exposure to marine erosion”). 

Pyroclastic products are commonly more easily eroded with respect to lavas, and less resistant 

materials (like unconsolidated tephra or thin and fractured lavas) are especially eroded during the 

syn-eruptive stages or shortly after the end of their emission (Romagnoli and Jakobsson, 2015). 

The geological formations of Santa Maria and the central Aeolian islands have different lithologies 

(Lucchi 2009, Lucchi et al., 2013a, b; Forni et al., 2013; De Astis et al., 2013) and sensitivity to 

marine erosion (Ramalho et al., 2017), however it is difficult to identify shelf sectors whose width 

is clearly influenced by different types of material. This is because we commonly lack the direct 

evidence of this information in submerged areas, and we can just infer their possible lithology 

from the adjacent subaerial volcanic units. The Aeolian Islands are made of volcanic products 

associated to a subduction zone, while the Azorean islands are made of product connected to a 

transtensional regime. The different chemical composition of these products affects also the 

production of sediments. In fact, the volcanic succession of the Aeolians are essentially acid in 

nature, i. e. more easily erodible with respect the basaltic lava flows that dominate in the Azores 

and Santa Maria Island.  

The sediment distribution is highly variable on the shelves of the Central Aeolian sector and 

Santa Maria, also reflecting their marked morphological differences and wave/currents regime. 

Overall, the sediments exhibit a sparse distribution at Santa Maria, with few depositional bodies 

up to 14 m thick, mostly developed inside depressed areas such as fault-controlled basins. 
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Therefore, the shelf around Santa Maria lacks thick sedimentary bodies with an inner prograding 

geometry (SDTs) as those recognized in other Azores islands like Faial and Pico, where they are up 

to 40/50 m thick (Quartau et al., 2012, 2015b) and on shallow-water areas in the Aeolian 

Archipelago, where some portion of the shelf are covered by up to 30 m-thick volcaniclastic 

sequences (Chiocci & Romagnoli, 2004; Casalbore et al., 2017a).  This difference might be partly 

related to the stronger wave regime at Santa Maria with respect to the Aeolian Islands. However, 

the higher waves energy is in part balanced by the wider shelf of Santa Maria with respect the 

Aeolian Islands, which cause higher wave attenuation, i.e. lower erosion rates. Moreover, in the 

Azores the wave energy is the same all around the islands, hence from this point of view the 

sediment production should be similar. Therefore, we might infer that the thicker deposits found 

on the shelves of the Central Aeolian, Faial and Pico Islands are probably due to the occurrence of 

narrower shelves, which promote the accumulation of the sediments, rather than their dispersal 

as it likely occurs on the wide shelf around Santa Maria.  

Nevertheless, by comparing Santa Maria with other Azorean islands characterized by the same 

wave regime, like Faial and Pico, it looks that other factors might also control the sediment 

distribution. The most striking difference between Santa Maria and the mentioned Azorean islands 

(and the Aeolian islands) is the age of the volcanism. At a first glance one should expect that older 

island should exhibit shelves covered by thicker sedimentary bodies, resulting from long lasting 

erosive processes. Nevertheless, we should take into account that as the sea-level drops, 

sediments are transported to the slope, leaving the shelf almost depleted (Quartau et al., 2012; 

Casalbore et al., 2017a). Only the sediments located at the shelf edge eventually survive if the 

shelf edge is located below the maximum depth reached during the glacial stage. These sediments 

are normally replaced during the following phase of sea-level rise and high-stand, as observed at 

Salina (see Manuscripts I and II) where three different order of SDTs have been recognized, 

associated to the present high-stand phase (near shore terraces) and sea-level rise (mid-shelf 

terraces). Therefore, it can be expected that each glacial-interglacial cycle may produce, if 

sediment is available, a set of sedimentary bodies that should be almost completely dismantled 

during the following phase of sea-level fall. If the amount of sediments produced by the erosion of 

the islands flanks and reworked during the phase of sea-level rise and high-stand is high, 

compared to the areal extent of the shelf, sediments might create thick sedimentary bodies like 

the SDTs found in the Aeolian islands, Faial and Pico. In the case of Santa Maria, which exhibits the 

widest shelf among the mentioned islands due to its older age, the amount of sediments delivered 

to the shelf is not enough to cover the entire shelf. 

Besides the creation of accommodation on the shelf due to relative sea-level changes, the type 

of volcanism may also influence the sediments production. Unlike the Aeolian, Faial and Pico 

Islands, where active explosive volcanism produced easily erodible products that can be carried on 

the shelf by wave erosion (Lucchi et al., 2013a; Forni et al., 2013; Madeira and Brum da Silveira, 

2003), at Santa Maria the volcanism is considered extint (Ramalho et al., 2017). In the central 

Aeolian sector, soft geological formations are frequently intercalated by hard and less erodible 

sequences, and differential erosion rates might produce local effects. For instance, at Lipari, the 

pumiceous successions outcropping along the northeastern sector of the island (Forni et al., 2013) 

have been mostly dismantled and possibly deposited offshore, creating the thick sedimentary 
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terraced body located offshore Capo Rosso (see SDTs in Figure 6.1, Chapter 6). Likewise, at Salina 

the up to 30 m thick sedimentary cover laying on the western shelf sector at Salina island (see 

Manuscript I), likely results from the erosion of the Pollara products (mostly pyroclastic 

successions) occurred between 30 and 15.6 ka (see Lucchi et al., 2013 for details). Along the 

eastern shelf sector of Salina (see Figure 11 in Manuscript I), the occurrence of soft materials likely 

promoted the formation of a dense drainage system onshore that filled the shelf offshore, 

narrowing this feature. At Santa Maria we recognize an evident influence of the lithological 

differences on the shelf development. The softer Touril sequence and the gently dipping contacts 

between this unit and the underlying Anjos and overlying Pico Alto volcanic units represent a 

favorable lithological/stratigraphical framework that, along with the exposure to dominant wave 

direction, boosted the coastal retreat and formed a wide terraced morphology here (Ramalho et 

al., 2017). Likewise, the greater width of the marine terraces on the northern shelf sector is 

probably due to the profusion of soft pyroclastic structures and cinder/scoria cones, which 

promoted higher erosion rates (see Manuscript V). However, due to uplift, these products are 

mostly not affected by wave erosion (see Figure 2 of Manuscript V), implying that only few 

sediments are delivered to the shelf. Finally, the Aeolian Islands are made of volcanic products 

associated to a subduction zone, while the Azorean islands are made of product connected to a 

spreading volcanic ridge. The different chemical composition of these products, affects also the 

production of sediments. In fact the volcanic succession of the Aeolians are essentially acid in 

nature, i. e. more easily erodible with respect the basaltic lava flows that mostly forms the Azores 

and Santa Maria Island.  

An important factor that may influence the sediments production, is climate. For instance at 

Montserrat Island the final stage of the island evolution caused an almost complete dismantling of 

the subaerial edifice, with c. 65% of the extruded material deposited in the offshore (Le Friant et 

al., 2004). This high erosion rate might be related to the tropical climate of the island, which 

promotes the erosion of volcanic successions, unlike the temperate climate of the Azores and the 

Aeolian islands. The islands of Faial and Pico are characterized by higher precipitation regime with 

respect Santa Maria (c. 2000 mm/yr vs 1000 mm/yr of Santa Maria, Climate atlas, 2012) which 

results in higher sediment production due to subaerial erosion. This effect is likely hampered by 

the fact that Santa Maria suffered intense erosive processes in the past that heavily eroded the 

island, as attested by its low altitude (max 587 m above sea-level) if compared with Faial (max 

1043 m above sea-level) and Pico (max 2351 m above sea-level). On the contrary, the annual 

precipitation regime of the Aeolian Islands is lower, being around 600 mm/yr (Cicala, 2000). As 

such we expect a lower sediment discharge in the Aeolian Islands, in contrast with the occurrence 

of thick sedimentary bodies on the shelf. The lower sediment production due to subaerial erosion 

here is possibly balanced by, as mentioned before, the higher erosive rates and the occurrence of 

narrower shelves.   

The availability of thick deposits on the shelves of the Central Aeolian sector allowed detailed 

studies on their depositonal characteristics and stratigraphic architecture. At Salina and Lipari 

Casalbore et al. (2016, 2018) grouped the SDTs found on the shelf in three orders on the base of 

their rollover depth (depositional edge). The SDTs edge varies between -10 and -30 m (near shore 

terrace), -40 and -90 m (mid-shelf terrace) and, -130/-160 m (shelf edge terrace). Each of these 
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deposits is associated to different sea-level stands, the near-shore terraces being related to the 

modern sea-level highstand. The mid-shelf terraces of Salina and Lipari exhibit aggradation rather 

than progradation, in agreement with a formation during the sea-level rise (see Casalbore et al., 

2016, 2018; and Manuscript II). At Santa Maria, only few thicker sedimentary bodies exhibit an 

evident inner prograding geometry and a depositional edge. These are located along the eastern 

and southern shelf sector of the island (Fig. 6, Manuscript IV). Their rollover depth is invariably 

located from -40 to -50 m, being similar to that of the mid-shelf terraces recognized at Salina and 

Lipari, formed during sea-level rise conditions. However, a correlation with Santa Maria cannot be 

done since in the Tyrrhenian Sea the storm base level is shallower with respect to the Atlantic 

Ocean (Lobo et al., 2005; Quartau et al., 2010, 2014; Mitchell et al., 2012; Casalbore et al., 2017). 

The lack of internal reflector also suggests no subaerial erosion, thus formation after 6.5 ka when 

sea-level rose to its maximum level in the Azores (Bintanja and van de Wal, 2008) so that, despite 

the deeper edge depth, these wedges can be related to the present high-stand phase (unless older 

deposits have been preserved in protected depocenters, as for instance, the tectonically 

controlled depressions found on the northern and southern shelf sectors). 
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10. CONCLUSIONS AND FUTURE WORK 
 

The main results of this Ph.D project offer an improved understanding of the geologic evolution of 

the studied volcanic islands, resulting from the adoption of an integrated approach involving field 

geological studies and marine geophysical data. For each volcanic island under study we analyzed 

and compared the morphometric parameters of the insular shelves and we discussed the factors 

controlling the shelves formation and evolution. Overall, the history of the earlier stages of growth 

of these islands is now better constrained, integrating what was previously known. Summarizing,  

 this study allowed to associate the larger shelves to the oldest volcanic centers onshore and 

to document the occurrence of submerged volcanic centers that predates the onshore 

volcanism at Salina, Lipari and possibly at Santa Maria.  

 Although the shelf width-age relationship has been documented in the studied areas, it is 

not straightforward, since “abnormally wide” shelves may occur due to different waves 

exposure and early volcanism not documented onshore. Narrower than-expected shelves 

occur if coastal rejuvenation and different submarine erosion of the edges affected the 

shelf.  

 The erosive shelf edge depth-age relationship represents an important tool to reconstruct 

the vertical mobility trend of volcanic islands. In fact, it allowed to identify the shelf sectors 

affected by subsidence processes and to calculate the vertical mobility trend of the islands. 

Our reconstructions consider the occurrence of a continuous and constant subsidence and 

uplift trends in the Central Aeolian Sector and at Santa Maria, recorded by the erosive shelf 

edge depth, the submerged and subaerial marine terraces located at different 

depth/elevation. In the Aeolians we calculated a constant subsidence rate before the Last 

Interglacial by matching the insular shelf edge depth with the subaerial terraces found 

onshore. This rate has been used as a relative dating tool to associate the older portion of 

Salina and Lipari to a specific sea-level peak, outlining an early emergence for the islands, at 

around 430 ka. At Santa Maria, by matching the newly discovered submerged marine 

terraces with those previously recognized onshore, we were able to better constrain the 

uplift rate of the island and to relatively date the terraces. Moreover, the analysis of the 

shelf width and erosive edge depth allowed to integrate the evolutionary model of the 

island, by inferring the occurrence of an older phase of volcanic activity (Proto-Santa Maria) 

presently largely dismantled and not document onshore.    

 

Due to the fact that the studied islands are affected by different meteo-marine conditions and sit 

in different geo-dynamic settings, the comparison of the obtained results allowed to discuss in a 

broader perspective the role of different controlling factors of shelves evolution, highlighting the 

main differences and similarities between the Azores and the Aeolian archipelagos.  

 Remarkably, the erosion rates of the shelf in the Aeolians are one order of magnitude 

larger of those of Santa Maria. As the shelf become wider and gently-sloping, the 

increasing effect of wave attenuation reduces the energy of marine erosion, resulting in a 

slower rates of cliff recession. As a consequence, erosion rates are lower for islands 
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surrounded by wider shelves like Santa Maria, causing the relationship between time and 

shelf widening to be not-linear. Erosion rates appear thus dependent on the period of 

detection, being higher in the short term. 

 The subsidence and uplift trend that affected the studied islands might have influenced the 

development of the shelves. The early subsidence trend possibly boosted the shelf 

widening, with a greater effect in the Aeolians, where the estimated subsidence trend is 

higher. Because of its effect of the shelf width, the subsidence affects the erosive rates, 

which may result overestimated with respect to stable coastal sectors.  

 The effects of subsidence and uplift on the shelf width are invariably connected with 

relative sea-level fluctuations. The amplitude of sea-level changes has a profound effect on 

insular shelves development because of its impact on wave erosion. Differently from Santa 

Maria, the islands of the central Aeolian sector are all younger than 450 ka, therefore they 

suffered only high-amplitude sea-level fluctuations. Since 1 Ma the amplitude of the 

eustatic sea-level cycles remained almost constant, a condition that promoted the 

formation of wide and gently sloping shelves and the achievement of a state of static 

equilibrium. The increased wave erosion might have been partly compensated by the 

increased wave attenuation and slower coastline erosion. 

 On most volcanic islands episodes of post-erosional volcanism may occur, rejuvenating the 

island morphology after long periods of quiescence. Apart from local manifestation of post-

erosional volcanism, young lava flows reaching the submarine areas were recognized only 

at a local scale at Vulcano island. However,  episodes of volcanic progradation during the 

lifetime of the islands were possibly not recorded on the shelf, causing an underestimation 

of the shelf erosive rates. 

 Interestingly, it appears that older islands tend to have much less sediments on their 

shelves. Overall, the sediments exhibit a sparse distribution at Santa Maria with respect the 

shallow-water areas in the Aeolian Archipelago (and in younger Azorean islands like Faial 

and Pico). This difference has been related to the higher accommodation space of the 

shelves around Santa Maria. Moreover, since young islands are normally characterized by a 

more immature erosion than older islands, they produce more sediments due to subaerial 

erosion, enhancing the formation of thicker deposits. The different depth distribution of the 

sedimentary bodies has been instead related to the higher wave regime of the Azores, 

which promote the formation of the present-day highstand deposits only. 

 

Apart from the scientific interest driving this study, there is also an important contribution from 

the socio-economic point of view. This project is particularly relevant for volcanic archipelagos (in 

Europe: Aeolian, Azores, Madeira, Canary, etc.) and for the population living there. The societal 

importance of this study is two-fold since these islands are the site of: (ii) their bordering shelves 

are shallow-water reservoirs of sediments and the seat of biological communities (both important 

resources for the insular economies, respectively for dredging and fishing); (iii) insular shelves 

protects the coastlines disconnecting the submerged canyons from the subaerial drainage. 

However, where absent, submarine landslides and associated tsunamis may occur close to the 

shorelines, representing a source of hazard. 
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Although the results of this Ph.D thesis contributed to better understand the evolution of these 

complex systems, several aspects still remains poorly constrained and need further research. The 

amount of studies that could be carried out is wide, since the systematic study of the shallow 

water portion surrounding volcanic islands only began in the recent past. In particular, the 

following steps might boost the research in the field:  

 

- Modeling the formation and development of insular shelves. This would require to date 

rocks at the preserved shelf edges (i.e. the shelf portions that did not suffered for 

landsliding) in order to understand when shelves started to be incised. This goal is 

extremely difficult to achieve, but it would provide more precise shelves erosion rates. 

- To improve measurements of the currents on the shelf in order to better understand the 

relation between wave climate and offshore transport of the sediments that form the 

SDT’s.  

- For the Aeolian Archipelago: further geophysical surveys with the aim of collecting a more 

closely spaced dataset of seismic profiles. This would allow to better investigate the 

stratigraphic relationship of the sedimentary bodies, to produce maps exhibiting their 

distribution and thickness and to study their inner geometry, in order to better relate their 

formation to the sea-level stands. 

Archeological and instrumental (GPS) data indicate that the southern portion of Lipari 

Island is subsiding for the last 2100 yr at a rate up to c.11 mm/yr (Anzidei et al., 2016). The 

geological markers studied in this thesis witness an opposite vertical behavior for this 

island. Therefore, a comparison between the geological and the geophysical/archeological 

data would be of great interest to shed light on the current vertical mobility trend of the 

island.       

- For Santa Maria it would be useful to date the subaerial and submarine terraces. By 

integrating the dating with modelling of wave erosion it would be possible to better 

calibrate the models of terrace formation and shelf development.  
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