Geological Society, London, Special Publications

Insights into flood-dominated fan-deltas: very high-resolution
seismic examples off the Amalfi cliffed coasts, eastern Tyrrhenian
Sea

M. Sacchi, F. Molisso, C. Violante, E. Esposito, D. Insinga, C. Lubritto, S. Porfido and T. Téth

Geological Society, London, Special Publications 2009; v. 322; p. 33-71
doi:10.1144/SP322.2

Email alerting click here to receive free email alerts when new articles cite this
service article

Permission click here to seek permission to re-use all or part of this article
request

Subscribe click here to subscribe to Geological Society, London, Special

Publications or the Lyell Collection

Notes
Downloaded by Vrije Universiteit on 22 September 2010
© 2009 Geological Society of Lyell

London



http://sp.lyellcollection.org/cgi/alerts
http://www.geolsoc.org.uk/gsl/publications/page417.html
http://sp.lyellcollection.org/subscriptions

Insights into flood-dominated fan-deltas: very high-resolution seismic
examples off the Amalfi cliffed coasts, eastern Tyrrhenian Sea

M. SACCHI'*, F. MOLISSO!, C. VIOLANTE!, E. ESPOSITO!, D. INSINGA!,
C. LUBRITTO?, S. PORFIDO! & T. TOTH3#

stituto per I’Ambiente Marino Costiero (IAMC)—CNR, Napoli, Calata P.ta di Massa,
Porto di Napoli, 80133—Napoli, Italy

2Dipam'mento di Scienze Ambientali, Seconda Universita di Napoli, Via Vivaldi,
43—81100 Caserta, Italy

3Department of Geophysics, Eotvés Lordnd University, Pdzmdny Péter sétdny 1 /C,

H-1117 Budapest, Hungary
“Present address: Geomega Ltd., Mester u. 4, 1095 Budapest, Hungary

*Corresponding author (e-mail: marco.sacchi@iamc.cnr.it)

Abstract: A high-resolution (IKB-Seistec) seismic survey calibrated with gravity-core data,
off the Amalfi coast, a rocky coastal area on the southern side of the Sorrento Peninsula (Italy),
documents the internal stratigraphic architecture of a series of small fan-deltas that develop at
the mouth of major bedrock streams. The fan-delta system mostly postdates the Plinian eruption
of Vesuvius of AD 79 and displays various phases of development associated with periods of
high sediment supply from the adjacent river basins. During these periods landscape-mantling
loose pyroclastic deposits (mostly air-fall tephra from Vesuvius) were quickly eroded and deliv-
ered to the continental shelf by sheet wash and flash flood events. Depositional processes on the
foresets were dominated by sediment gravity flows originating from hyperpycnal river flow and
pyroclastic fall deposits. This in turn created favourable conditions for sea-floor instability, soft
sediment failure, slumping and sliding, which characterize the deltaic stratigraphic architecture.
The intermittently increased sediment yield during the various phases of the evolution of the
fan-delta system was probably influenced also by the morphoclimatic regime. This may have
resulted in varying rates of progradation of the delta foresets, tentatively correlated with the
main climatic oscillations of the last 2000 years. The Amalfi fan-delta system represents a
small-scale analogue for larger flood-dominated fan-deltas of the world and may be regarded as
a useful example for a better understanding of inner-shelf, mixed siliciclastic—volcaniclastic

fan-delta systems in the stratigraphic record.

In recent years, deltaic depositional settings at the
mouth of small rivers of the Mediterranean and
other temperate regions have received growing
attention, because of the relevance of these facies
associations in the understanding of the late
Quaternary evolution of inner-shelf depositional
systems and their interaction with fluvio-deltaic pro-
cesses, sea-floor instability of delta slopes, coastal
volcanism, active tectonics, and the climatic
regime (Nava-Sanchez et al. 1999; Sacchi et al.
2005; Trincardi & Syvitski 2005; Lobo et al.
2006; McConnico & Bassett 2007).

The renewed interest in fan-deltas has partly
derived from the recognition that deltas are unstable
sedimentary systems prone to severe physiographic
changes (e.g. modification of the coastline or sea-
floor instability) that may occur on human time
scales. Recent research has been particularly

focused on sea-floor failures that are common both
on continental slopes and in some deltaic settings;
they can represent a major threat not only to oil
and other offshore installations but also to the
marine environment and coastal facilities. More-
over, in recent years sedimentologists have returned
to modern fan-deltas as a possible source of reliable
criteria for the recognition of fan-delta deposits in
the stratigraphic record (Nemec & Steel 1988;
Colella & Prior 1990; Nemec 1990a; Wescott &
Ethridge 1990).

There is a large variability of underwater fan-
delta architecture, depending on the process
combinations and the relative dominance of each.
Differences in types and rates of sediment supply
and the onshore morphology influence underwater
delta growth. Sediment dispersal underwater is
directly related to supply by rivers. In the case of
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bedrock rivers and streams of temperate regions that
form fan-deltas along high-relief sea-cliffed coasts
(Nava-Sanchez et al. 1999; Fernandez-Salas et al.
2003; Hasiotis et al. 2006; Lobo et al. 2006;
Violante 2009; Violante et al. 2009), the fluvial
regime is basically controlled by episodic, but
sometimes catastrophic discharges that cause flood-
ing on the fans. Long-term development of fan-
deltas obviously involves a wide range of possible
processes but variations in sediment supply and in
the morphoclimatic regime appear to be major
controls (e.g. Colella & Prior 1990; Reading 1996;
Einsele 2000).

It has long been recognized that the fronts of
marine deltas are prone to failure of unconsolidated
sediments, and in some cases are dominated by pro-
ducts of mass movements deriving from instability
of the delta front (Coleman & Prior 1982; Lindsay
et al. 1984; Coleman 1988). The main reasons for
sediment-induced deformation include: (1) the rela-
tively high sedimentation rate on the delta front,
which causes undercompaction and high pore-fluid
pressures or liquefaction, leading in turn to loss of
shear strength within the deposits; (2) biodegrada-
tion of organic debris and associated free methane
gas, which weakens the sediment stability; (3)
shocking of accumulated sediment by storm and
wave action; (4) sediment instability induced
by earthquakes.

Among the factors that may have a significant
impact on fan-delta construction, and eventually
sea-floor instability at the delta front and slopes
are, hence, the frequency of recurrence of excep-
tional river floods, mudflows and explosive erup-
tions (involving pyroclastic falls, surges and flows)
of coastal volcanoes. These processes can all
induce the supply of large volumes of loose or
poorly consolidated sediment into the delta system
and over vast areas of the continental shelf
(Cinque et al. 1997; Major et al. 2000; Lirer et al.
2001; Sacchi er al. 2005; Sulpizio et al. 2006;
Bisson et al. 2007; Cinque & Robustelli 2009).

This paper focuses on the sequence stratigraphic
interpretation of high-resolution seismic and
gravity-core data acquired on a series of small fan-
deltas that have developed on the inner shelf of
the Amalfi coast. The aim of the study is the detailed
reconstruction of stratal architecture of the fan-
deltas and the interpretation of seismic facies in
terms of depositional processes and environmental
setting. The application of ultra high-resolution
seismic data to inner-shelf and small-scale fan-
deltas in shallow water provides unprecedented
detailed insights into shallow-water depositional
systems, documenting sea-floor morphology and
areas of active erosion or deposition, allowing for
bed-to-bed correlation in the gravity-core cali-
bration of the seismic record.

Geological setting

The eastern Tyrrhenian margin is characterized by a
number of peripheral basins that evolved during the
latest Neogene—Quaternary across the hinge zone
between the southern Apennines fold and thrust
belt and the Tyrrhenian back-arc extensional area
(Fig. 1). These basins, which include the present-day
Bay of Salerno, formed in response to large-scale
orogen-parallel extension and associated transten-
sional tectonics that accompanied the anti-clockwise
rotation of the Apennine belt and lithospheric
stretching in the central Tyrrhenian basin
(Malinverno & Ryan 1986; Oldow et al. 1993;
Sacchi et al. 1994; Ferranti et al. 1996; Patacca &
Scandone 2007). Quaternary orogen-parallel exten-
sion caused the formation of half-graben systems
(e.g. Bay of Naples, Bay of Salerno) and intervening
structural highs (e.g. Sorrento Peninsula) that are
perpendicular to the main axis of the Apennine
thrust belt (Bartole et al. 1984; Mariani & Prato
1988; Sacchi et al. 1994; Milia & Torrente 1999;
Acocella & Funiciello 2006). The extensional pro-
cesses caused in turn the onset of intense volcanism.
Active volcanic centres are represented by Somma—
Vesuvius, the island of Ischia and the district of
the Campi Flegrei, with its numerous vents both
onshore and offshore the Bay of Naples (Rosi &
Sbrana 1987; Santacroce 1987; Vezzoli 1988;
Milia et al. 1998; Santacroce & Sbrana 2003).

The Sorrento Peninsula

The study area is located on the southern slope of the
Sorrento Peninsula (Amalfi coast). The peninsula is
a major Quaternary morpho-structural unit of the
western flank of the Southern Apennines and
forms a narrow and elevated mountain range (up
to 1444 m) that separates two major embayments
of the eastern Tyrrhenian margin, namely the Bay
of Naples and the Bay of Salerno. It is mostly
formed by a pile of Mesozoic carbonate rocks,
covered by Tertiary to Quaternary siliciclastic and
pyroclastic units, and is deeply cut by a complex
of bedrock rivers and channels characterized by
relatively small catchment areas and pronounced
disequilibrium of the stream profiles (Fig. 2).
These rivers have flow that shows a distinct season-
ality and a torrential behaviour (Esposito et al.
2004a, b; Budillon et al. 2005; Liquete et al.
2005; Violante et al. 2009); their source is very
high relative to the base level, and erosion processes
have proceeded rapidly and generated a rugged
morphology (Reineck & Singh 1975; Einsele 2000).

Being a horst-like structure in a half-graben
basin setting the Sorrento Peninsula displays a
remarkable asymmetry in the morphology of its
two flanks, the southern one (Amalfi coast) being
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steeper and narrower than the northern one (Sor-
rento coast). This asymmetry can also be observed
offshore, where the narrow continental shelf on
the Amalfi side contrasts with a wider shelf in the
southern part of the Bay of Naples. As a
consequence the Amalfi flank of the peninsula is
characterized by tectonically uplifted rocky and
steep backdrops, deeply incised gorges, and
coastal cliffs (Brancaccio et al. 1991).

Coarse-grained coastal alluvial fans confined by
narrow valleys at the mouth of the major streams are
relatively common in this setting (Fig. 2). They are
formed by deposition from flash floods, during
periods of heavy rainfall. The delivery of sediments
towards the coastal fans is favoured by the steep
slopes and the loose source-area material of a
wide size range (diameters vary from 2 m or more
down to clay size) that includes bedrock river
gravel, slope-weathering products, soil and uncon-
solidated volcaniclastic deposits.

Landscape-mantling pyroclastic deposits and
the recent volcanic activity of Somma—
Vesuvius

The Sorrento Peninsula, located about 20 km south
of Somma—Vesuvius, has been repeatedly mantled
during recent millennia by the pyroclastic products
of the volcano, which has alternated intense phases
of explosive activity accompanied by emission of
fine ashes with periods of quiescence (Santacroce
1987). The Late Holocene activity of Somma—
Vesuvius includes the Plinian event of the
‘Avellino Pumice’ and six inter-Plinian events
(AP1-AP6; Andronico & Cioni 2002) during the
nearly 1600 year period preceding another Plinian
event (‘Pompeii Pumice’), which destroyed the
Roman cities of Pompeii, Stabiae and Herculaneum
in AD 79 (Fig. 3).

The volume of the Pompeii fall products has
been estimated between 4 km® (Sigurdsson et al.
1985) and 1—1.5 km> (Cioni et al. 1999) of Dense
Rock Equivalent (DRE). Following the eruptive
event, the Sorrento Peninsula was covered by up
to 2 m of pyroclastic air-fall tephra (Lirer et al.
1973; Sigurdsson et al. 1985; Carey & Sigurdsson
1987; Cioni et al. 1992). This exceptionally high
thickness of pyroclastic fall deposits was due to
both the large volume of the erupted products and
the main direction of dispersal of the air-fall
tephra towards the SW, possibly as a consequence
of the direction of dominant winds during the erup-
tive event (see Fig. 1). Deposits related to the
so-called ‘Pompeii’ eruption have been recognized
offshore (Carbone et al. 1984; Buccheri et al
2002; Insinga 2003; Munno & Petrosino 2004).
More recently a detailed description of the proximal

deposits in the Bays of Naples and Salerno was
reported by Sacchi er al. (2005), Insinga et al.
(2008) and Milia et al. (2008).

The three centuries of activity following the AD
79 eruption were characterized by the emission of
ash (‘S. Maria Cycle’, Andronico et al. 1995) until
two sub-Plinian events that occurred in AD 472
(the so-called ‘Pollena’ eruption of Rosi &
Santacroce 1983; Santacroce 1987; Rolandi et al.
2004; Sulpizio et al. 2005) and in AD 512. Intense
activity, including four major eruptions the
(‘Medieval’ events of Rolandi et al. 1998), charac-
terizes the history of Somma—Vesuvius up to the
12th century. Products related to this period cover
a wide area in the eastern and southeastern sector
of the volcano both on land (Rolandi er al. 1998;
Santacroce & Sbrana 2003) and offshore in the
Bay of Naples (Insinga et al. 2008).

Following the AD 1631 sub-Plinian eruption
(Rolandi et al. 1993; Rosi et al. 1993), the volcano
experienced a 300 year period of semi-persistent,
mild activity with a total volume of erupted material
of the order of 10’ m® (Arrighi et al. 2001). During
this period only a few eruptions reached sub-Plinian
intensity (e.g. in 1822 and 1906) and only five events
were accompanied by a violent phreatomagmatic
phase (i.e. in 1779, 1794, 1822, 1906 and 1944;
Arrighi et al. 2001).

The explosive eruptions of Somma—Vesuvius in
recent millennia have repeatedly accumulated loose
pyroclastic material over large areas of the Campa-
nia region, thus creating favourable conditions for
volcaniclastic debris to generate mass flows on
slopes (Sulpizio et al. 2006; Bisson et al. 2007).

The Amalfi continental shelf

The continental shelf in the Bay of Salerno extends
for about 70 km from the island of Capri in the north
to Punta Licosa in the south. It is characterized by a
varied morphology, controlled by both the tectonic
activity and uplift of the Sorrento Peninsula and
the associated high sediment supply during the
Late Quaternary. The width of the continental
shelf also varies significantly, from a maximum
of 20-25 km in the southern Bay of Salerno to
0.5-4 km in the northern part of the Bay, off the
Amalfi coast, and the shelf break is typically
located at a water depth of c¢. 120 m (Fig. 4). Here
the continental shelf is dominated by a thick
prograding succession of Late Pleistocene age
(Conforti 2003; Sacchi et al. 2004) that is truncated
by a major erosional unconformity (ES). The latter
is due to subaerial exposure during the sea-level
fall and lowstand of the last glacial age and/or
marine erosion associated with a transgressive land-
ward shift of the fair-weather wave base during the
rapid sea-level rise that accompanied the Holocene
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Fig. 4. Sketch-map of the alluvial fan-delta system of the Amalfi cliffed coast between Conca dei Marini and Capo
d’Orso, with location of Seistec profiles and gravity cores illustrated in this study. (See Fig. 2 for location.)

deglaciation. The unconformity marks a strati-
graphic gap ranging from a few thousand years to
more than 70 ka. The maximum thickness of the
post-glacial succession of the continental shelf in
the northern Bay of Salerno may exceed 40 m.

Material and methods

This study is based on a very high-resolution (IKB-
Seistec), single-channel reflection seismic survey
carried out on the Amalfi inner shelf, between
Salerno and Amalfi, in July 2004 (Fig. 4). The
overall control for the stratigraphy and depositional
setting of the late Quaternary depositional sequence
comes from an extended dataset that includes
multibeam bathymetry, side-scan sonar imagery,
single-channel sparker and chirp-sonar profiles,
sediment cores, and integrated biostratigraphic and
chronological data acquired by the IAMC-CNR
between 1997 and 2004. The sequence stratigraphic
nomenclature adopted for seismic interpretation is
after Hunt & Tucker (1992).

Seismic data acquisition

The seismic data presented in this paper include a
grid of more than 100 km of very high-resolution
single channel (uniboom) reflection profiles
acquired using the IKB-Seistec profiler. This profi-
ler has been designed specifically for collecting
very high-resolution data in shallow-water environ-
ments but can also be used in water depths >200 m
(Simpkin & Davis 1993; Mosher & Simpkin 1999).
The Seistec system comprises a 2.5 m long cata-
maran supporting both the boomer source and recei-
ver. The source is an IKB model B3 wide-band
electrodynamic ‘boomer’ producing a single posi-
tive peak pressure impulse with a primary pulse
width of 120 ws. The receiving system is a
line-in-cone receiver located adjacent to the
boomer plate (70 cm). The source emits useful fre-
quencies in the range 1-20 kHz and, because of
this wide frequency band, allows resolution of
reflectors spaced 20 cm apart. Penetration is up to
100 m in soft sediments, and 200 m in deep-water
soft sediments. During the survey, on board a
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small boat at a speed of about 3 knots, a STEP power
supply was used with a power of 150 J and a shot
rate of 4—6 shots per second. Seismic data were
recorded with a PreSeis digital acquisition system
with 16 bits per sample, a sampling frequency of
100 kHz and a recording length of 60—100 ms.
The position during navigation was determined by
a differential global positioning system (GPS)
directly mounted at the common depth point
(CDP) of the IKB-Seistec profiler.

The exceptional time resolution and the fixed
source—receiver geometry of the Seistec profiling
system, together with its high sub-bottom pen-
etration, allow for a quantitative analysis of the
different seismic-signature shapes and geometries
and signal amplitudes.

Gravity coring and laboratory analysis

Ground truthing of seismic records was provided by
the detailed analysis of three gravity-cores (C90,
C106, C106_12) collected on the outer shelf off
the Amalfi coast (Fig. 4), as well as by the general
description of a number of supplementary cores
recovered from the mid—outer shelf of the northern
Bay of Salerno. Sedimentological analysis included
the recognition of major lithofacies associations,
sedimentary structures, and grain-size analysis of
selected stratigraphic intervals by laser diffractome-
try. The grade of bioturbation was estimated accord-
ing to Droser & Bottjer (1991). Textural analysis of
cores C90 and C106_12 was conducted at an
average sampling rate of 3 cm, throughout the
entire core length. Denser sampling was conducted
for detailed study of transitional zones between
different lithologies and/or sedimentary structures.
Grain-size statistical parameters have been calcu-
lated following the classic graphical equations
developed by Folk & Ward (1957).

Quantitative micropalaeontological analysis was
conducted on 3 cm thick samples spaced every
10cm. A minimum count of 100 specimens of
benthic foraminifers for each sample was observed
following the methods described by Fatela &
Taborda (2002). The generic identification of fora-
minifers was made following Loeblich & Tappan
(1988) and Sgarrella & Moncharmont-Zei (1993).

The carbonate content was measured on 10 g dry
sediment samples, spaced every 10 cm. Mollusc
fragments that could affect CaCOj; analyses were
handpicked and removed. Therefore, variations in
carbonate content of the samples through the core
record the occurrence of calcareous microfossils,
in particular foraminifers and ostracodes, and
nannofossils.

“C accelerating mass spectrometry (AMS)
measurements were performed with a system based
on a tandem accelerator (9SDH-2, National

Electrostatics Corporation) with a maximum term-
inal voltage of 3 MV. The 8'°C of each sample
was also measured using an elemental analyser
(ThermoFinnigan EA 1112) coupled with an IR
mass spectrometer (ThermoFinnigan Deltaplus).
Samples were pre-treated in accordance with the
procedures outlined by Hoefs (1987), Vogel et al.
(1984) and Passariello et al. (2007). Radiocarbon
ages were calibrated by using the CALPAL-2007
software (Weninger & Joris 2008; Weninger et al.
2008).

Data and results
Gravity-core stratigraphy

Gravity-cores C90, C106, C106_12 were collected
on the outer shelf of the Bay of Salerno, between
Capo d’Orso and Amalfi, at water depths of 103—
116 m and provide a calibration of the entire post-
glacial succession. The length of recovered core
sections ranges from 485 cm in cores C90 and
C106 to 687 cm in core C106_12 (Figs 5 and 6).

Stratigraphic correlation of the gravity-cores is
clear from the sedimentological analysis, thus allow-
ing the construction of a composite stratigraphic
section that represented the basis for the geological
calibration adopted in the seismic stratigraphic
interpretation. The cored succession consists of a
c. 5m thick transgressive sequence that overlies
the major erosional surface (ES) associated with
the sea-level fall and lowstand of the last glacial
maximum. Below this unconformity, core C106_12
sampled a sandy silt succession older than 50 ka,
within Upper Pleistocene deposits (Fig. 6).

The entire cored sequence is punctuated by at
least 10 tephras, which we labelled from top to
bottom as tS1, tS1-a, tS1-B, tS1-y, tS2, tS2-a,
tS3, tS3-a and tS4 to tS6. Of these, tS1-tS4 are
interbedded within the post-glacial succession,
whereas tS5 and tS6 are interbedded within the
Upper Pleistocene deposits underlying unconfor-
mity ES. The tephra layers typically are several
centimetres to a few decimetres thick. Most of
them have a sharp base, normal or inverse grading,
poor sorting and typically a gradual transition to
the overlying deposits. An exceptionally thick
tephra is represented by the 80—100cm thick
pyroclastic bed deposited during the AD 79 Plinian
eruption of Vesuvius (tephra tS2; Sacchi er al.
2005; Insinga et al. 2008).

On the basis of sedimentological analysis and
quantitative changes in benthic foraminiferal
assemblages of the core samples, three main lithofa-
cies associations can be recognized (Figs 7 and 8). A
composite stratigraphic section, from bottom to top,
consists of: facies A, shelf mud with volcaniclasts
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and bioclasts; facies B, shoreface sand and pebbles;
facies C, bioturbated prodelta mud.

Facies A, shelf mud with volcaniclasts
and bioclasts

This facies is represented only in core C106_12 and
has a thickness of c¢. 110 cm. From base to top, it
consists of poorly sorted olive grey (5Y4/2)
clayey sandy silt and dark grey (5Y4/1) sandy

clayey silt interbedded with very thin volcaniclastic
lenses. At 612 cm and 580 cm below sea floor (bsf)
two pyroclastic layers occur: a 4 cm thick tephra
(tS6) and a 9 cm thick tephra (tS5). The sandy frac-
tion is represented by volcaniclasts and bioclasts
and displays a gradual increase, especially in the
volcaniclastic component, towards the top (Figs 6
and 7).

The benthic foraminiferal assemblage is mainly
dominated by Uvigerina peregrina, Cassidulina
laevigata carinata, Hyalinea baltica, Melonis
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barleeanum and B. marginata. These forms tend to
increase in number towards the top of the unit,
where they occur associated with rare Valvulineria
bradyana, and the Elphidium and Ammonia groups.
This association is typical of the lower circalittoral
zone (e.g. Sgarrella & Barra 1984; Sgarrella &
Moncharmont-Zei 1993). Specimens of broken
pteropods are found (Limacina retroversa, L. inflata
and Clio pyramidata). Fragments of polychaetes
(Ditrupa arietina), bivalves, gastropods, bryozoans
and echinoderms are present at 670 and 620 cm.

The occurrence in the foraminiferal assemblages
of species typical of cold and productive waters,
such as C. laevigata carinata, Trifarina angulosa
and H. baltica (Murray 1991; Asioli 1996), of the
Elphidium and Ammonia groups, as well as of
M. barleeanum and B. marginata, coupled with
the presence of D. arietina, suggests cold waters
and stagnation episodes, possibly related to fresh-
water runoff and relatively high concentration of
fine-grained sediments and organic matter (Jorissen
1988; Grémare et al. 1998). The occurrence of the
epipelagic boreal guest Limacina retroversa, from
the northern cold-water regions, at present absent
in the Mediterranean, suggests a cold period of the
glacial Pleistocene (Buccheri 1984; Buccheri et al.
2002; Fig. 8).

The uppermost 20 cm of this unit show sparsely
branching burrows of ichnogenus Thalassinoides.
The burrows have well-defined circular boundaries,
with diameter ranging from 1 to 2 cm, and are pas-
sively infilled with lithofacies B. This ichnofabric
corresponds to the Glossifungites ichnofacies
(Frey & Seilacher 1980; Pemberton & Frey 1985;
MacEachern et al. 1992; Gingras et al. 2001; see
Fig. 6). The unit is bounded at the top by an
erosional surface that correlates with the unconfor-
mity ES of seismic profiles, and is characterized
by the occurrence of shell debris. Glossifungites ich-
nofabric is commonly taken to indicate a firmground
(see Gingras et al. 2001, and references therein). In
this context it probably represents colonization of
the Pleistocene eroded substrate during minor
breaks in sedimentation following storm events,
below storm wave base in the foreshore—offshore
transition zone, during the early transgressive
systems tract (TST). The lithofacies assemblage of
this succession, coupled with the seismic evidence
of thick Upper Pleistocene forestepping parase-
quences beneath unconformity ES, suggests that
this unit may be interpreted as a progradational
deltaic sequence characterized by shelf mud
deposit with volcaniclasts and bioclasts.

Facies B, shoreface sand and pebble

These deposits directly overlies facies A and consist
of a 70 cm thick unit in core C106_12, whereas they

represent the lowermost 40 cm of succession
sampled at the C106 core site (Figs 5-7). The
grain sizes of this unit range from silty sand to
pebble, with very poor sorting. The lowermost
10 cm are represented by a medium sandy pebble
sequence with inverse gradation that is bounded at
the top by an erosive surface that correlates with
the ravinement surface recognized on seismic pro-
files. Towards its top, the deposit is characterized
by coarse-grained constituents represented by
volcaniclasts, lithoclasts and bioclasts, often frag-
mented. The matrix is formed by the same constit-
uents. Lithoclasts are rounded, often reddened, and
include carbonate rock fragments (calcilutite) at
places encrusted by red coralline algae (rhodoliths).
Volcaniclasts are sub-rounded to sub-angular,
locally reddened, and consist of light grey and
green pumice, mineral grains (mostly sanidine, pyr-
oxene and rare magnetite crystals) that are often
rounded and abraded, scoriae and glass. The bio-
clasts include bivalve and gastropod shell frag-
ments, which are sometimes abraded, bioeroded
and encrusted, solitary corals, bryozoans and echi-
noid fragments. Plant debris (Posidonia oceanica)
is also found (Fig. 7).

In the lower part of this unit, the benthic assem-
blage is represented by the Elphidium group, B.
marginata, C. laevigata carinata, M. barleeanum
and the Ammonia group, which are partly replaced
towards the top by epiphytic species typical of det-
rital sediments (Cibicides lobatulus, Asterigerinata
mamilla, Planorbulina mediterranensis) (Jorissen
1987; Sgarrella & Moncharmont-Zei 1993; Fig. 8).
The occurrence of C. laevigata carinata and M. bar-
leeanum in the benthic assemblage at the bottom of
the unit may indicate an increased delivery of
organic matter but minor oxygen depletion (Caralp
1988; Asioli et al. 2001). The benthic assemblage
at the top of the interval indicates that water depth
is somewhat shallower than for the underlying
facies A, and the occurrence of C. laevigata carinata
suggests cold and productive waters (e.g. Asioli
1996). The Elphidium group and C. lobatulus toler-
ate hyposaline conditions and may resist severe sal-
inity fluctuations (Murray 1973, 1976; Boltovskoy
1976). These observations, along with the occur-
rence of rhodolith-bearing pebbles and shells, indi-
cate a infralittoral to circalittoral zone associated
with relatively low-salinity conditions. On the
basis of lithofacies assemblages and the seismic-
stratigraphic architecture, this unit can be inter-
preted as a transgressive lag containing reworked
material from the substrate and/or the early shore-
face deposits (‘healing phase deposits’) (e.g.
Posamentier & Allen 1993).

A negative peak of the CaCOj; curve in the inter-
val between 495 and 505 cm (C106_12), which
suggests a relatively low water temperature, may be
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tentatively correlated with the Younger Dryas (Kallel
et al. 1997). Analogously, the underlying interval
between 505 and 525 cm (C106_12), marked by a
positive peak of the CaCOs, may be taken as corre-
sponding to the Bolling— Allergd event (Fig. 7).

Facies C, bioturbated prodelta mud

Facies C is represented in all the study cores and has
a thickness of 212 cm (C106_12) to 118 cm (C90
and C106). It consists of a mud-supported lithofa-
cies characterized by a grey to olive grey homo-
geneous, bioturbated clayey silt with at least eight
tephra (or cryptothepra) interbedded with a few
thin layers of fine-grained turbidites (Figs 5-7).
The sandy fraction is rare and consists of fine to
very fine volcaniclasts, sub-rounded to sub-angular
grey pumice, mineral grains, scoriae and glass, and
bioclasts (represented by fragments of gastropods,
bivalves, bryozoans and echinoids) and very rare
fragments of pteropods (C. pyramidata, Creises

sp., L. inflata). Turbidite layers are a few centimetres
thick and consist of volcaniclasts (rounded pumice,
locally reddened scoriae, fragments of minerals),
sub-rounded lithic fragments and reworked bioclasts
(fragments of bivalves, gastropods, bryozoans,
phanerogamous seagrass remains) (Fig. 7).

In the upper part of the succession, a few centi-
metres below tephra tsl-a, a 2—3 cm thick layer
of grey homogeneous bioturbated clayey silt,
characterized by an extremely reduced faunal
content and rare Posidonia oceanica fragments,
occurs (layer el in Figs 5-8). This layer can be cor-
related across all the study cores and may be inter-
preted as a suspension plume deposit (Nemec
1995; Parsons et al. 2001), probably associated
with the exceptional flood events that affected the
Amalfi coast in 1581 and 1588 (Figs 8-11;
Porfido et al. 2009).

Facies C marks a significant change in the rela-
tive abundance of many benthic taxa, accompanied
by the disappearance and/or abrupt decrease of
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Fig. 9. Age—depth model of gravity core C90 based on calibrated AMS '*C data and tied to the age of the tephra bed
deposited by Vesuvius during the Plinian eruption of Pompeii (AD 79).
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Fig. 10. Age—depth model of gravity core C106_12 based on calibrated AMS '*C data and tied to the tephra bed
deposited by Vesuvius during the Plinian eruption of Pompeii (AD 79).

some species (Cibicidoides pachyderma, T. angu-
losa, Bolivina dilatatissima, Ammonia group) and
the parallel increase of others (e.g. U. peregrina,
U. mediterranea, Amphycorina scalaris, M. bar-
leeanum, B. marginata, H. baltica). Peaks of
maximum abundance of some taxa, along with a
relative maximum in the CaCOj; curve, seem to con-
centrate around 450 cm, at a stratigraphic horizon
we interpret as the maximum flooding surface
(mfs) (Figs 7 and 8).

The AD 79 Pompeii tephra bed (tS2) corresponds
to a marked environmental change in the faunistic
assemblage (Fig. 8). Some taxa associated with the
shallow infaunal microhabitat (U. peregrina, U.
mediterranea, H. baltica, Gyroidina sp.) that had
proliferated at the top of facies B, display, after
tephra tS2, a sudden decrease in relative abundance,
whereas opportunistic species (V. bradyana), inter-
mediate infaunal (M. barleeanum) and deep infau-
nal species (B. marginata) that could probably
better survive the increased sedimentation rates

are recorded particularly after this event (Jorissen
1987; Linke & Lutze 1993; Jorissen & Wittling
1999; Schmiedl et al. 2000). Further upward the
gradual decrease in abundance of taxa typical of
cold and productive waters (C. laevigata carinata,
H. baltica) (Murray 1991; Asioli 1996) probably
indicates a relative maximum in the warming of
bottom waters and culminates in a period that can
be correlated with the Medieval Climatic
Optimum (MCO). At 30 cm bsf the same species
display a relative increase and are associated with
opportunistic species (V. bradyana, M. barleea-
num), thus suggesting relatively cooler waters and
possibly increased freshwater input (Asioli 1996).
According to our results this event has a probable
age of AD 1830 +/—50 and may be tentatively
correlated with the termination of the Little Ice
Age (tLIA) (Figs 8—-10).

In general, the benthic assemblage of this unit
indicates a rapid increase in sedimentation rate rela-
tive to the underlying facies B and a predominantly
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muddy setting, characterized by relatively high
organic matter and low oxygen concentration,
typical of the modern ‘mud belt’ (Jorissen 1988).
Correlation with seismic profiles suggests that this
lithofacies corresponds to prodelta mud deposits
associated with the modern fan-delta system of the
Amalfi shelf.

4C chronology and tephra layers

The AMS radiocarbon ages obtained from sampled
marine material are reported in Table 1. The cali-
brated ages obtained are in a general agreement
with the stratigraphic position of the samples and
provide an absolute age constraint for the last
c. 16 kaBP as well as a potential cross-check for
chronological attribution of tephra layers. A
modern age (i.e. AD 1950) resulted from the top of
core C90 (sample 82428), whereas age determi-
nation for sample DSV965 was not possible as it
was outside the scale of the adopted AMS system
(i.e. >48 ka BP). The 'C calibrated age models
obtained for cores C90 and C106_12 are illustrated
in Figures 9 and 10. According to the '*C calib-
rated age—depth plots we obtain interpolated ages
that provide a chronological reference for the recog-
nized event beds and can be used for tentative
correlation of the studied tephra layers with age-
dated volcanic events onland. Correlation between
the study cores is illustrated in Figure 11. The pre-
ferred ages and proposed interpretation of tephra
layers and other event beds are reported in
Tables 2 and 3.

Tephras tS1, tS2, tS3 and tS3-a have been
recently described by Insinga et al. (2008). These
pyroclastic layers have been interpreted, on the
basis of stratigraphic and chemical analysis, as the
products of the Vesuvian activity of the last 3 kyrs
and have been correlated with the eruptions of AD
1822 or 1631 (tS1), the eruption of AD 79 (tS2),
and the inter-Plinian events (tS3-a and tS3) referred
to in the literature as AP3 and AP4, respectively
(Andronico & Cioni 2002). Interpolated ages allow
us to include tephra tS1 and tS1-a in the time
span AD 1825-1665 and 1770-1610, respectively.
During these time intervals only the AD 1631 and
1822 events reached sub-Plinian intensity and only
the AD 1779 and 1794 eruptions were accompanied
by a phreatomagmatic phase. This evidence suggests
a possible correlation of tephra tS1 with the 1822
event (Insinga et al. 2008, and references therein)
and tephra tS1-a with the 1631 eruption (Rolandi
et al. 1993; Rosi et al. 1993). Sedimentological
analysis, however, indicates that an eventual amal-
gamation of more tephra layers deposited by differ-
ent eruptions occurring during the semi-persistent
activity of the Vesuviust hat followed the AD 1631
event cannot be excluded.

Table 1. Summary of the AMS "*C results on sediment core samples from the Bay of Salerno

Cal. age (years BP)

AGBR0)

s

4c age (years BP)

Material

Depth bsf (cm)

Lab. code Sample number

Core

Modern

0.42
1.19
0.22
0.63
1.16

Modern -

Planktonic foraminifers

Shell

0-3

82428

LLL

C90
C90
C90
C90
C90
C90
C90

AD 1800 + 90

2.95
—24.49

484 + 21

39
87
164
175
370

480-485

DSV1058

CIRCE

AD 1440 + 20

826 =+ 25

1680 + 20

AD 710 + 40

Marine plant remains

Shell

DSV974

CIRCE

1.06
6.82
324

DSA968

CIRCE

AD 580 + 30

1872 + 25

3520 + 90

3678 + 84

Bryozoan
Shell

DSV969

CIRCE

years BP

7030 + 90

6515 + 45

DSA815
82429

CIRCE
LLL

years BP

years BP
years BP

9920 + 190

15650 + 70

1.78
0.49
0.48 >48 ka

7.80
5.33
—10.25

9239 + 106

13 676 + 45

>48 ka

Planktonic foraminifers

Shell
Shell
Shell

475
529
672

DSA642
DSA394
DSV965

CIRCE
CIRCE
CIRCE

C106_12

C106_12

C106_12

LLL, Lawrence Livermore Laboratory, CA, USA; CIRCE, Centre for Isotopic Research for Cultural and Environmental Heritage, Caserta, Italy.



Table 2. Interpolated ages of post-glacial event beds at C90 and C106_12 core sites, according to the '*C cal. age model presented in this study (Figs 9 and 10)
Bed Nature of event Gravity core Depth to Depth to Thickness Correlative sesimic 1€ cal. age
code base (cm) top (cm) (cm) reflector
tS1 Tephra layer C90 48 39 9 A (top + bottom) AD 1745 + 80
C106_12 53 45 8
tS1-aa Tephra layer C90 60 53 7 B (top + bottom) AD 1690 + 80
C106_12 59 57 2
el Flood plume deposit AD C90 63 60 3 AD 1600 + 80
1588-1581 C106_12 65 63 2
MCO  Medieval Climatic C106_12 120 113 7 C (top + bottom) AD 1220 + 80 to 1120 + 80
Optimum C106_12 120 111 9
tS1-B  Tephra layer C90 163 157 6 D (top + bottom) AD 715 + 65
C106_12 143 134 9
tS1-y Tephra layer C90 178 172 6 E (top + bottom) AD 542 4+ 50
C106_12 168 158 10
e2 Turbidite layer C90 204 197 7 - AD 210 £+ 20
C106_12 194 187 7
tS2 ‘Pompeii’ pumice fall C90 290 217 73 F (top) G (white—grey AD 79
AD 79 pumice boundary) H
C106_12 314 213 101 (bottom)
tS2-a?  Reworked tephra layer C90 342 336 6 - 2.87 + 80 ka BP
C106_12 350 345 5
tS3 Tephra layer C90 361 351 10 I (top + bottom) 3.3 + 100 ka BP
C106_12 381 373 8
tS3a Tephra layer C90 379 375 4 L (top + bottom) 3.7 + 110 ka BP
C106_12 390 385 5
tS4 Tephra layer C90 412 408 4 M (top + bottom) 4.53 + 110 ka BP
C106_12 420 417 3
mfs Maximum flooding C90 455 - - N 6030 + 80 ka BP
surface
C106_12 450 - -
B/C Facies B—C boundary C106_12 479 - - (6] 10.19 + 180 ka BP
YD Younger Dryas C106_12 505 497 8 P (top + bottom) 11.88 + 170 to 13.05 + 190 ka BP
BA Bolling—Allergd C106_12 521 505 16 Q (top + bottom) 13.05 + 190 to 14.87 + 190 ka BP
s Ravinement surface C106_12 531 - - R 16.4 + 70 ka BP
ES Erosional surface C106_12 550 - - - 18.5 + 70 ka BP

See also Figures 11 and 13 for further detail on correlation between event beds and seismic reflectors.
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Table 3. Marine tephra layers described in this study and proposed correlation with proximal pyroclastic
deposits documented onland

Tephra Lithology and texture of marine tephra Suggested correlation References
code with proximal tephra
(age expressed as '“C
cal. years BP)
tS1 Fine- to very fine-grained dark grey ash (5y3/2) AD 18227 (Vesuvius) Arrighi et al. 2001
with clayey matrix. Ash made of leucite-bearing Budillon et al.
scoria (mostly analcimized), scarce pumiceous 2005
glass shards, lithic fragments, loose crystals. Insinga et al. 2008
Sharp base
tS1-a Fine- to very fine-grained dark grey ash (5y3/2) AD 1631 (Vesuvius) Rolandi et al. 1993
with clayey matrix. Ash made of scoria, abundant Rosi et al. 1993
lithic fragments and very rare glass shards
(pumiceous type), loose crystals (clinopyroxene
and feldspar). Sharp base in core C106
tS1-B Fine- to very fine-grained bioturbated ash dispersed AD 787 (Vesuvius) Rolandi et al. 1998
in clayey matrix (cryptotephra). Ash made of
brown pumiceous glass shards with tubular and
ovoid vesicles, leucite-bearing lithic fragments,
minor scoria and obsidian. Loose crystals (mostly
K-feldspar, clinopyroxene and biotite)
tS1-y Fine- to medium-grained dark grey (5y3/2) ash Post AD 512 activity Rolandi et al. 1998
made of dark and light grey, leucite-bearing and/or AD 685 Iorio et al. 2004
scoria, pumiceous glass shards, leucite-bearing (Somma-Vesuvius)
lithic fragments and loose crystals (K-feldspar,
clinopyroxene and biotite). Sharp base
tS2 Coarse- to fine-grained white phonolitic pumice AD 79 (‘Pompeii’) Sacchi et al. 2005
lapilli overlain by coarse-grained grey (Somma-Vesuvius)  Insinga et al. 2008
tephriphonolitic pumice lapilli and coarse-grained
dark grey ash. Scoria, carbonate lithic fragments
and loose crystals are diffuse throughout the
entire tephra. Sharp base and top
tS3 Fine- to medium-grained dark grey (5y3/2) AP4 (Somma— Rolandi et al. 1998
bioturbated ash in silty matrix. Ash made of Vesuvius) Andronico &
leucite-bearing phonotephritic scoria and scarce Cioni 2002
pumice. Loose crystals (mostly K-feldspar and Torio et al. 2004
biotite) Insinga et al. 2008
tS3a Fine- to medium-grained dark grey (5y3/2) AP3 (Somma-— Rolandi et al. 1998
bioturbated ash in silty matrix. Ash made of Vesuvius) 2830 + 50 Andronico &
leucite-bearing phonotephritic scoria and scarce years BP Cioni 2002
pumice. Loose crystas (mostly K-feldspar and Iorio et al. 2004
biotite) Insinga et al. 2008
tS4 Fine- to very fine-grained ash dispersed in clayey Astroni (Campi Flegrei) Di Vito et al. 1999
silty matrix. Ash made mostly of loose 4244 + 91 years BP
K-feldspars, white pumice with tubular vesicles,
glass shards, minor scoria and lithic fragments.
Glass shards show blocky, platy, tubular and rare
thick-walled morphologies. Loose crystals of
clinopyroxene
tS5 Coarse- to medium-grained ash made of reddish SC2-b (?) (Campi Di Vito et al. 2008
sub-angular, almost aphyric pumice with tubular Flegrei or Somma-—
and ovoidal vesicles, brown and yellow glass Vesuvius) c. 55—
shards and dark grey scoria. Scarce lithic 65 ka BP
fragments. Glass shards show blocky, tubular and
thin-walled bubble wall morphologies
tS6 Coarse- to medium-grained white ash made of pre-‘M. Epomeo Green  Vezzoli 1988

sub-angular, almost aphyric pumice, scarce
blocky shards and lithic fragments. Loose crystals
(mostly K-feldspar and pyroxene). Sharp base

Tuff’ events (Ischia)
c. 55-65 ka BP

Brown et al. 2008
Di Vito et al. 2008
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Cryptotephra tS1- and tephra tS1-y can be
correlated with the Medieval activity of Vesuvius
between the end of the fifth century and the eighth
century. Their phonotephritic composition (unpub-
lished data) suggests that they might be the product
of the explosive activity that postdate the AD
512 eruption. Historical documents (Figliolo &
Marturano 1994; Lirer et al. 2005) reported the AD
685 and 787 eruptions as the major events during
this period. More recently, Cioni et al. (2008)
described onland some ash layers referred to volca-
nic activity that took place soon after AD 512.
According to these considerations we propose a poss-
ible correlation of tephra tS1-3 with the AD 787 erup-
tion, whereas tephra tS1-y may represent the
products of the activity that occurred after AD 512,
including the AD 685 event. Tephra layers associated
with this chronological interval occur as well-
preserved marker horizons within the Upper Holo-
cene succession and have been recently recognized
offshore the Campania region (Insinga er al. 2008,
and references therein) as well as in distal settings
(i.e. Monticchio Lake, Wulf er al. 2008).

Tephra tS2 is a c. 1 m thick, distinctive pyroclas-
tic bed formed by the air-fall deposits associated
with the Plinian eruption of Vesuvius of AD 79
(Sigurdsson et al. 1985; Cioni et al. 1992; Sacchi
et al. 2005). At the core C106_12 site, it consists
of three major horizons represented from bottom
to top by: (1) 48 cm thick, inversely graded, sub-
rounded, white pumice and lapilli; (2) 44 cm thick,
normally graded, sub-angular, coarse grey pumice
lapilli and lithic fragments; (3) 9 cm thick, parallel-
laminated coarse pumiceous and scoriaceous
lapilli, including loose crystals (biotite and pyrox-
enes), abundant small mollusc fragments, carbonate
lithoclasts, and other lithic fragments (see Fig. 6).
The tephra bed corresponds to a pronounced
seismic horizon that can be traced all across the
Bay of Salerno (Sacchi er al. 2005).

Tephras tS3 and tS3-a have been correlated by
Insinga et al. (2008) with the AP inter-Plinian
activity (Andronico & Cioni 2002), on the basis of
their lithological and chemical composition. In par-
ticular, these deposits have been interpreted as the
products of the AP4 and AP3 (2830 + 50 '*C cal.
years; Rolandi et al. 1998) events. The age—depth
plots we have obtained here, however, point to sig-
nificantly older '“C interpolated ages, namely
3300 + 100 years (cal. BP) for tephra tS3 and
3700 + 110 years (cal. BP) for tephra tS3-a. On
the basis of this interpretation, the volcaniclastic
layer that lies above ts3 (ts2-a in Table 2) may be
tentatively correlated with the younger AP eruptions
(Andronico & Cioni 2002).

The interpolated '*C age for tephra tS4 of
4350 + 90 years BP, along with its homogeneous
trachyphonolitic composition (unpublished data),

suggests a correlation of this deposit with the explo-
sive Campi Flegrei events of Astroni dated at
4244 + 91 "C cal. years BP (Di Vito et al. 1999).
Products related to these eruptions have been
reported elsewhere in the Bay of Naples (Insinga
2003) and more distal settings (Siani et al. 2004;
Wulf et al. 2004).

Tephras tS5 and tS6 have been cored within the
Upper Pleistocene deposits, beneath the unconfor-
mity ES (Figs 6 and 12—14) and are characterized
by a trachytic and trachyphonolitic composition
respectively (unpublished data). On the basis of
the AMS radiocarbon data that indicate ages older
than 48 ka BP, the expected ages of these tephras
are between c. 60 ka and 80 ka BP. The attribution
of tephra tS5 to a specific source is not an easy
task because of the large number of volcanic
events with similar geochemical signatures that
occurred in the region between c¢. 44 ka and
75 ka BP (Pappalardo et al. 1999; Di Vito et al.
2008). However, the lithology and stratigraphic pos-
ition of tephra tS5 suggests a correlation with the
subaerial products of the activity of Somma—Vesu-
vius or Campi Flegrei between 55 and 70 ka BP (e.g.
tephra SC2-b of Di Vito et al. (2008)). The very
evolved trachyphonolitic composition of pumice
suggests the island of Ischia as a possible source
area for tephra tS6 (Insinga 2003). High-intensity
explosive eruptions took place on the island during
that time interval (Brown et al. 2008) and caused
the widespread deposition of several tephra layers
over the Campania Plain (Di Vito et al. 2008) and
at more distal sites (Paterne et al. 1988; Wulf
et al. 2004). In particular, tephra tS6 might be corre-
lated with one of the several explosive events
characterized by the deposition of pumice lapilli
that predate the Monte Epomeo Green Tuff
(MEGT) eruption (c. 55ka BP; Vezzoli 1988),
such as the Mago and/or Mt. S. Angelo eruptions
(55-74 ka BP) described by Brown et al. (2008).

Core and seismic data correlation

Integrated stratigraphy and correlation of gravity-
cores allowed for a bed-to-bed calibration of
seismic reflectors. All the studied cores are located
on the outer shelf, where the Holocene wedge is
relatively thin and the typical range of penetration
of standard gravity-cores ensured sampling of the
entire post-glacial succession, down to the upper
Pleistocene prograding units. In particular, core—
seismic correlation for the entire Holocene section
was established at C106_12 core site, located at
¢. 500 m from the southern edge of the track of
Seistec profile 3006 (Figs 12 and 13). Depth (m)
to time (ms) conversion of the C106_12 core log
was calculated using an average velocity of seismic
waves of ¢. 1600 m s~ ' within the cored succession.
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Fig. 12. Seistec profile 3006 showing the general architecture of the continental shelf off the Amalfi coast and the
location of C106_12 core site. Erosional surface (ES) separates the Upper Pleistocene forced regression wedge
prograding units (FRWST) from the above Uppermost Pleistocene—Holocene, post-glacial, transgressive systems tract
(TST) and highstand systems tract (HST) deposits. TWTT, two-way travel time. Sequence stratigraphic nomenclature is
after Hunt & Tucker (1992). Inset shows location of profile.
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Fig. 13. Geological calibration and labelling of seismic reflectors of Seistec profile 3006 at C106_12 core site (see
Fig. 12 and inset for location of profile). Key to sub-units of tS2 as in Figure 5.
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Fig. 14. Seistec profile 3012 offshore Maiori and its interpretation showing the fan-delta fed by the Regina Major
stream and sedimentary structures associated with gravity-driven instability on delta slopes. Inset shows location of

profile. Boxes indicate location of Figures 15 and 16.

Correction for sediment compaction was obtained
by using the sea floor, tephra tS2 and unconformity
ES as stratigraphic tie points (Fig. 13).

Core—seismic correlation allowed for cali-
bration of the major sequence stratigraphic surfaces
on seismic profiles (e.g. transgressive surface,
ravinement surface, maximum flooding surface).
Moreover, it indicates that tephra layers tend to cor-
respond to high-amplitude, well-developed seismic
reflectors. This is clearly the case, for instance, of
the Vesuvius early Medieval tephra tS1-vy, the tS2
(AD 79) pumice fall layer, the tS3 and tS3-a (AP
inter-Plinian deposits) and tephra tS4 (Astroni—
Averno).

Seismic interpretation

The IKB-Seistec seismic profiles imaged the sea-
floor subsurface down to c¢. 60 ms two-way travel
time (c. 100 m) beneath the sea floor. Maximum
penetration of the seismic signal was recorded in
the Capo d’Orso area, where the Upper Pleistocene
prograding units can be thoroughly traced beneath
unconformity ES (Figs 12 and 13). In the Amalfi
area acoustic penetration was somewhat less,
because of significant attenuation of seismic waves
at depth or blanketing of the seismic signal by
gas-saturated layers. Maximum vertical resolution
is of the order of 20 cm.

Seistec profiles show that unconformity ES sep-
arates two main seismic stratigraphic units (Figs 12
and 13). The lower one is represented by a prograd-
ing succession truncated at the top by a dramatic
erosional surface, and mostly consists of Upper
Pleistocene forced regressive wedge systems tracts
(FRWST) deposits (Hunt & Tucker 1992).

Above unconformity ES, seismic profiles show
relatively continuous, parallel and subparallel
reflectors, gently inclined towards the SE as a
result of low-angle backstepping and aggrading of
layers. This unit is represented from bottom to top
by the transgressive systems tract (TST) and high-
stand systems tract (HST) deposits that formed in
response to the transgressive landward shift of the
coastline during the rapid sea-level rise that
accompanied the last deglaciation (c. 18-6 ka).
The thickness of the uppermost Pleistocene—
Holocene shelf wedge varies in the study area
from 35-40m in the inner—mid-shelf, to a
minimum of 4—2 m at the shelf edge.

The HST deposits of the southern shelf of the
Sorrento Peninsula between Amalfi and Capo
d’Orso are characterized by the occurrence of a
number of remarkably developed reflectors that
can be correlated with different pyroclastic layers
interbedded mostly within the upper Holocene suc-
cession. According to recent tephrostratigraphic
(Buccheri et al. 2002; Insinga 2003; Sacchi et al.
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2005; Insinga et al. 2008) and sequence stratigraphic
research (Conforti 2003; Sacchi et al. 2004, 2005)
conducted on the eastern Tyrrhenian margin off
the Campania region these beds may be correlated
to major tephra layers that originated from explo-
sive eruptions of Somma—Vesuvius, the Campi
Flegrei and Ischia. In particular, the seismic signa-
ture of the late HST deposits in the entire northern
Bay of Salerno is characterized by a remarkable
seismic horizon bounded by two high-amplitude
reflectors that can be correlated with tephra layer
tS2 deposited offshore during the AD 79 eruption
of Vesuvius (Sacchi et al. 2005; Insinga et al.
2008) (Figs 12-26). The thickness of the tS2
tephra horizon ranges from a maximum of about
200 cm in the shoreface area off the Amalfi coast
to some 10 cm at the shelf edge (Fig. 12).

Seismic profiles showed that the late HST
(Upper Holocene) succession of the Amalfi shelf
is characterized by a number of small prograding
deltas that develop at the mouth of the small
bedrock rivers with torrential regime. The best
developed deltaic wedges in the study area occur
at the mouth of the Regina Major torrent, offshore
Maiori; at the mouth of the Regina Minor, off the

village of Minori; and at the mouth of Canneto,
Dragone and Cappuccini torrents offshore Amalfi
and Atrani. These deltaic bodies represent the sub-
aqueous components of the confined alluvial fans
that developed in the narrow coastal plain and
pocket beaches of the Amalfi coast (see Fig. 4).

The Regina Major fan-delta

Offshore Maiori the thickness of the post-glacial
succession is of the order of 50 ms. In particular,
the HST deposits on the Maiori mid-shelf are
significantly thicker than the correlative layers off
the cliffed coast of Capo d’Orso and may exceed
35 ms (Fig. 14). The best throughgoing reflectors
are represented by the c¢. 2 m thick seismic horizon
bounded by reflectors F—H that is readily correlated
with the pyroclastic fall of the AD 79 eruption of
Vesuvius (tS2), and reflectors E (tephra tS1-y), I
(tephra tS3) and L (tephra tS3-a). Towards the
inner shelf, a well-developed fan-delta is imaged
by seismic profiles, which extends for c¢. 800 m
from the mouth of the Regina Major torrent
(Figs 15-19). The delta is characterized by
sigmoid prograding foresets and a bottomset
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Fig. 15. Detail of Seistec profile 3012 showing the failure of the tephra bed deposited by Vesuvius 25 August, AD 79
(‘Pompeii’ eruption). (Note the fault-slumping of the tephra layer in the evacuation zone.) Figure 14 shows location

and key to reflector labels.
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Fig. 16. Detail of Seistec profile 3012 showing the slumping of the Pompeii tephra bed (AD 79). (Note the soft-sediment
deformation within the lower part of the tephra layer (i.e. white pumice), associated with detachment and sliding of
the bed above its basal surface soon after its deposition.) Figure 14 shows location and key to reflector labels.
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Fig. 17. Detail of Seistec profile 3008 showing crenulation of reflectors as a result of creep within the upper HST
deposits of the prodelta area, mostly above the AD 79 (‘Pompeii’) tephra bed. Inset shows location of profile.
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Fig. 18. Seistec profile 5014 off the Regina Minor stream mouth and its interpretation. (Note gravity-flow deposits
above reflector D.) Inset shows location of profile.
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Fig. 19. Seistec profile 5005 offshore the Canneto stream, Amalfi, and its interpretation. Reflector E separates two
different phases of development of the Canneto fan-delta. Inset shows location of profile.
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Fig. 20. Seistec profile 5006 offshore the Canneto stream, Amalfi, and its interpretation. (Note the significant growth of
the fan-delta between reflectors F and E, together with the difference in the stratal architecture between the two parts of
the deltaic body separated by horizon E.) Inset shows location of profile.

represented by the top of the AD 79 tephra layer.
Inclination of foresets is between 10° in the inner
fan-delta and 30° towards the delta front, whereas
the present-day delta front slope is c. 20°.

Seistec profile 3012 documents the occurrence
of sedimentary structures at the base of the Regina
Major delta front that may be associated with a
general gravity-driven instability and soft-sediment

deformation above distinct stratigraphic surfaces,
represented by reflector H (base of AD 79 pumice
layer) and reflector 1. Minor, but still clear evidence
of sea-floor instability can be recognized above
reflectors L and E (Fig. 14). Seismic interpretation
suggests that soft-sediment deformation above the
base of tephra tS2 mostly involves the pyroclastic
layer itself and consists of slump-slide folding
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Fig. 21. Detail of Seistec profile 5006 off the Canneto stream, Amalfi, showing approximate correlation of prograding
delta units with major climatic changes of the last 2000 years. (Note the backstepping and aggradation of strata within
the stratigraphic unit corresponding to the apex of the Medieval Warm Period, which represents an exception to the
generally prograding units of the fan delta.) Inset and Figure 20 show location.
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Fig. 22. Seistec profile 5009 offshore the Canneto stream, Amalfi, showing turbidite lobes or debris flow units occurring
above different tephra layers (reflectors I, F and E). Inset shows location of profile.

N Seistec profile 5011 - detail S

| Pompeii tephra
-{ Vesuvius, AD 79

5 S, R —— s .
o 5 N i me T

115

Fig. 23. Detail of Seistec profile 5011 off the Canneto fan prodelta showing distal fine-grained turbidites above the
Pompeii (AD 79) tephra bed. Inset shows location of profile, and Tables 2 and 3 give legend for event beds.
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Fig. 24. Seistec profile 5013 offshore Amalfi showing a transverse section of the Cappuccini—Canneto delta system.
(Note the development of turbidite and debris-flow units above different tephra layers (reflectors E, I and L).) Inset
shows location of profile.

and slump-—fault rupture of the tephra layer and fold amplitude is of the order of 0.5-1.0 m
(Figs 14-16). The AD 79 pyroclastic unit is sand-  (Figs 15 and 16).

wiched between normal flat-lying dipping layers. At a lower stratigraphic level other evidence
The wavelength of the slump-folds is 20-60 m, exists of sediment failure, represented by hummocky
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Fig. 25. Detail of Seistec profile 5013 showing turbidite and debris-flow deposits above seismic horizon E (tephra layer
tS-1v) in the channel between the Cappuccini and Canneto fan-deltas. Figure 24 shows location and key to
reflector labels.
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Fig. 26. Detail of Seistec profile 5013 off the Canneto fan-delta showing turbidite units deposited above different tephra
layers (seismic horizons E, I and L). Figure 24 shows location and key to reflector labels.

bedforms with internal chaotic seismic facies that
can be interpreted as slide or debris-flow deposits
accumulated at the base of the delta front
(Fig. 14). The sediment slide accumulation is sand-
wiched between seismic horizons H and I. Single
hummocks are 50-100 m wide and up to 3 m
high. Further evidence of sediment failure is also
found above reflector N (maximum flooding
surface), before the onset of the Holocene
fan-delta sensu stricto (Fig. 15). Seismic profiles
also indicate the occurrence of irregular geometry
and crenulation of reflectors within the upper HST
deposits of the prodelta area, mostly above reflector
F (Fig. 17).

The Regina Minor fan-delta (Minori)

Adjacent to Maiori, off the village of Minori there is
a major embayment of the Amalfi coast that hosts
the westernmost part of the relatively large conti-
nental shelf of the northern Bay of Salerno, with a
shelf break located at ¢. 3.5 km from the coast.
Seistec profile 5014 shows a c¢. 50 ms (c. 40 m)
thick post-glacial succession over the mid-shelf,
and a well-developed fan-delta towards the inner
shelf, as the underwater counterpart of the confined
alluvial fan fed by the Regina Minor stream
(Fig. 18).

The Regina Minor fan-delta is ¢. 800 m wide and
the base of the foresets is about 500 m from the

Minori seashore. The pattern of seismic reflectors
indicates that the stratigraphic architecture of the
deltaic wedge is characterized, mostly above reflec-
tor F, by an average increase coupled with signifi-
cant variations of progradation rates in the delta
foresets. These variations are particularly evident
in the delta front area (Fig. 18).

A pronounced step in the sea-bed morphology
associated with chaotic internal reflections in the
fan-delta topset area between 15 and 20 ms
(c. 11-15 m water depth) is visible from seismic
profile 5014 and can be interpreted as the result of
the occurrence of a Posidonia oceanica ‘meadow’
that colonizes the sea floor (Fig. 18). It may also be
observed from the seismic record that the meadow
exerts a ‘damming effect’ and protects the modern
foreshore from erosion by storm waves, thus allow-
ing for the development of the foreshore sediment
fill landward of the Posidonia meadow. The small
prograding unit downlapping above reflector D
landward of the Posidonia meadow may be thus
interpreted as the product of a temporary seaward
migration of the outer foreshore deposits during a
period of coastline progradation.

Minor evidence of gravity-driven deformation is
found at several stratigraphic levels towards the
base of the delta front, above reflector D, and
small-scale, creep-like, slope instability may be
recognized at the top of the AD 79 tephra layer
(reflector F) (Fig. 18).
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The Canneto—Dragone fan-delta system
(Amalfi—Atrani)

Off Amalfi and Atrani the width of the continental
shelf is reduced to less than 2 km. The post-glacial
succession offshore Amalfi—Atrani reaches a
maximum thickness of ¢. 25 ms (c¢. 20 m) and is
significantly thinner than in the adjacent sector off
Minori and Maiori. Seismic correlation between
the two sectors was ensured by a cross-check of the
dip seismic profiles with the tie section 5004,
which allowed tracing of the main Holocene reflec-
tors across the entire Amalfi shelf. In this area
seismic interpretation shows the occurrence of a
sedimentary apron formed by the coalescence of
two fan-deltas developing at the mouth of Torrente
Canneto (Amalfi) and Torrente Dragone (Atrani),
and a smaller delta representing the offshore exten-
sion of a small alluvial fan at the mouth of the Cap-
puccini torrent, immediately west of Amalfi harbour.
The fan-delta system extends for about 1.5 km, from
the mouth of the Dragone to that of the Cappuccini
torrent, with delta-front foresets developing as far
as 700 m from the coastline (Figs 19-26).

As in the cases of the Regina Major and Regina
Minor fan-deltas, the AD 79 tephra horizon (tS2)
marks a significant increase in the average prograd-
ing rates of foresets, which may be associated with a
coarsening of the sediments entering the fan-delta
system. Dip sections across the delta system show
that the Canneto—Dragone prograding wedge may
be divided into two sub-units by a downlap
surface represented by reflector E. The two sub-
units of the prograding wedge probably represent
different phases in the development of the fan-delta
system (Figs 20, 21 and 24-26).

Evidence of gravity-driven instability is com-
mon at various stratigraphic levels in the front of
the Canneto—Dragone—Cappuccini delta system,
particularly at the base of the prograding foresets,
above horizons E, F and I-L. Seistec profiles
show that gravity flows above horizon E locally
form debris-flow units and/or turbidite lobes with
a thickness of a few metres and width of a few
tens of metres (Figs 22 and 24-26). Fine-grained
turbidites are found above the AD 79 tephra layer,
as suggested by the internal seismic facies and the
external geometry of the deposits (Fig. 23).

Profile 5013 displays the stratigraphic archi-
tecture of the Canneto—Dragone—Cappuccini fan-
delta system along strike and illustrates the occur-
rence of gravity-flow deposits above reflector E
(Figs 24-26).

Discussion

Fan-deltas that develop along tectonically elevated,
cliffed coasts at the mouth of ephemeral streams of

temperate regions are typically fed by small alluvial
fans, which are often confined in narrow, deeply
incised V-shaped coastal valleys (Dabrio 1990;
Nava-Sanchez et al. 1999; Fernandez-Salas et al.
2003; Lobo et al. 2006). In these morphological set-
tings the development and progradation of such
small deltas generally have little or no subaerial
expression. Furthermore, the recognition of their
underwater component has often been hampered
by the intrinsic resolution limits of the standard
sub-bottom profiling, where coarse-grained depos-
its, shallow water and often gas saturation prevail.
This is probably the reason why, until recently,
these deltas have been mostly neglected by
researchers in the outcrop and rarely described in
the Holocene marine record (e.g. Prior & Bornhold
1990). Consequently, fan-deltas similar to those
described in this study may be much more
common than previously believed along cliffed
coasts or even in deep inland lakes.

The IKB-Seistec seismic reflection profiles and
gravity-core data used in this study have revealed
unprecedented detailed views of the inner—mid-
shelf depositional system of the northern Bay of
Salerno, allowing the recognition of a number of
fan-deltas that developed mostly during the last
2000 years, at the mouth of small rivers of the
Amalfi cliffed coast. The deltaic bodies described
in this study are small-scale fan-deltas, of about
1 km? area and a few tens of metres thick. They
display a general conical morphology with a delta-
front slope of ¢. 20° and foreset inclination
between 15° and 30°. These bodies represent the
underwater counterparts of coastal alluvial fans
fed by small bedrock rivers with torrential regime
that are part of the hydrographic network of the
Sorrento Peninsula. These coastal alluvial fans are
grouped at the seaward termination of the coastal
gorges that dissect the tectonically elevated moun-
tain range of the Lattari Mts., where virtually all
land-derived sediment is deposited below sea
level. In this context subaerial delta-plain com-
ponents are practically absent and the narrow
space at the exit of the valleys is filled with a coarse-
grained alluvial prism up to a few tens of metres
thick, whereas at the seashore the alluvial deposits
are reworked into pocket-beach settings. Most of
the modern settlements of the coastal villages of
Maiori, Minori, Atrani and Amalfi are built on
such deposits.

There is evidence in the literature suggesting that
the dynamic regime of the alluvial fans of the
Sorrento Peninsula—Amalfi coast is controlled by
episodic, but often catastrophic sediment and
water discharges that have caused repeated flood-
ing of the fans in recent millennia (Esposito et al.
2004a, b, and references therein; Porfido et al.
2009; Violante et al. 2009). The ephemeral streams
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that feed the alluvial fan systems are subject to
episodic sheet wash and flash floods that may
cause accumulation of large volumes of sediment.
This is caused by heavy rains generated by the seaso-
nal change of the atmospheric circulation in the
Mediterranean region. The episodes of catastrophic
rain typically bring very large sediment volumes to
the fan-delta and offshore. This was the case for
the catastrophic floods that struck the Amalfi coast
between 25 and 26 October 1954, causing over 300
deaths (Esposito et al. 2004a). Following this dra-
matic event the coastline at the mouth of Bonea
Stream, in Vietri, prograded seaward for more than
100 m (Esposito et al. 2004a, b, and references
therein; Violante et al. 2009).

Seismic interpretation suggests that the general
stratigraphic architecture of the studied fan-deltas is
of two types. The deltaic bodies off Maiori and
Minori display relatively steep and long sigmoidal
foresets, commonly associated with topset layers.
The fan-deltas off the Amalfi—Atrani coast show a
clear variation in the dip angle of foresets and a
very reduced or absent topset towards the delta fronts.

Another interesting observation on the overall
stratal architecture of the fan-deltas is the remarkable
regularity and lateral continuity of layers within the
prograding foresets, so that the general 3D image
of the deltaic bodies may be simply represented by
a number of smooth, conical to hemispherical,
onion-like layered underwater fans. Apparently,
seismic profiles show no significant evidence of the
various features or morphological zones typically
associated with many coarse-grained marine deltas,
such as distributary channels, gravel chutes or
swales, flutes, stacked or switched sandy lobes, etc.
In other words, seismic interpretation suggests that
there is a lack of a system for delivering sediments
towards deeper environments. Gravity-flow (inertia
and/or turbidity flow) dominated transport of sedi-
ment proceeding directly from the coastal edge
may be the primary cause for a substantial bypass
of the sediment load to the lower slope segment,
rather than segregation into distributary subsystems
(Postma et al. 1988; Postma 1990, 1995; Parsons
et al. 2001; McConnico & Bassett 2007).

The results of the seismic survey and the strati-
graphic analysis on gravity-core samples suggest
that the major changes in the stratal patterns
within the fan-deltas of the Amalfi coast are often
associated with the occurrence of single or clustered
tephra layers interbedded within the Holocene
record. In fact, all the fan-deltas described in this
study started to develop above the pyroclastic bed
deposited by Vesuvius during the ‘Pompeii’
Plinian eruption of AD 79. A significant change in
the stratal architecture of the fan-deltas occurred
after another eruption of Vesuvius, during the
early Medieval period (c. AD 512-685). This is

documented by the development of a downlap
surface that can be correlated with the oldest Medie-
val products of Vesuvius preserved in the Bay of
Salerno (tephra layer tS1-y). The seismic reflector
(E) that correlates with these products consistently
separates the fan-deltas of all the study areas into
two sub-units showing distinct stratal patterns (see
Figs 19-21). Furthermore, minor changes in the
stratal patterns of the fan-delta system may be
recognized within the upper (early Medieval)
sub-unit, as illustrated in Figure 21.

Seistec profiles reveal evidence of gravity-driven
instability at various stratigraphic levels within the
fan-deltas. All the observed features are not ran-
domly distributed in the stratigraphic record but
appear concentrated along distinct stratigraphic hor-
izons or intervals. Probably, more than one mechan-
ism of sediment deformation or failure could explain
the variety of the features described in the fan-deltas
of the Amalfi coast and a thorough discussion of such
mechanisms would require a better control on mech-
anical properties of the sediment involved (e.g.
Sultan et al. 2004). The available data allow for the
recognition of (1) crenulation in mud-dominated
prodelta slopes, possibly associated with shear
deformation of sediments by creeping; (2) slide or
slump deformation of the AD 79 pyroclastic deposits;
(3) gravity (inertia, turbidity or debris) flow deposits
associated with selected stratigraphic intervals.

Crenulation in mud-dominated
prodelta slopes

Irregular geometry and crenulation of reflectors
within horizons or packages above reflector H, in
the prodelta area, have been detected on seismic
profiles off the Regina Major fan-delta. This is
particularly clear in the upper HST deposits, above
a basal surface represented by the Pompeii tephra
of AD 79 (Fig. 17).

According to several reports, sea-floor crenula-
tions are common in mud-dominated prodelta
slopes offshore river mouths all around the Mediter-
ranean and elsewhere (Correggiari et al. 2001; Lee
et al. 2002). In some cases the stratal geometry of
such crenulations may resemble typical sand-wave
morphology, and the origin of these features has
been regarded as controversial. They may occur
under sea-floor gradients of tenths of a degree,
display a variety of internal geometries and seem
to be associated with high sedimentation rates
(Correggiari et al. 2001; Canals et al. 2004;
Cattaneo et al. 2004; Trincardi et al. 2004).

In the case of the Regina Major prodelta the lack
of conspicuous sandy facies in any of the cores col-
lected through the basal surface does not provide
evidence in favour of the hypothesis of a buried
field of sandy bedforms. Hence it may be proposed
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that the crenulations imaged by Seistec profiles
represent the effect of gravity-driven deformation
as a result of creep of the upper HST above a
basal surface represented by the Vesuvius AD
79 tephra.

Slide or slump deformation of the AD 79
pyroclastic deposits

Offshore Maiori, seismic profiles have revealed sig-
nificant gravity-driven deformation involving AD 79
tephra layer. In particular, stratal geometries high-
light evidence for the slumping of the entire 2 m
thick tephra layer by extensive shear deformation
as a result of partial detachment from its base,
along with internal deformation of the lower part
of the tephra bed (white pumice), probably caused
by the load exerted by the upper part (grey
pumice) soon after its rapid deposition (Figs 14—
16). The seismic records clearly image the
slumped AD 79 pyroclastic unit sandwiched
between normal flat-lying dipping layers. The
longer wavelength of the slump-folds is 20—50 m,
and fold amplitude is of the order of 1-2m.
Similar examples of slumping of volcaniclastic
beds deposited underwater have been described,
for instance, in the pyroclastic deposits that crop
out at Lake Mono (Miller et al. 1982; Miller 1989).

It appears that the slump-fold deformation of the
Pompeii tephra off the Regina Major stream was
caused by the loading associated with the highly
water-saturated, 2 m thick pyroclastic layer on the
fan-delta slope. According to recent reconstructions,
the pyroclastic bed was deposited within less than
12 h between the early afternoon and the night of
24 August, AD 79 (Dal Maso et al. 1999). Such
extremely rapid, largely undrained loading over
the underwater delta slope was probably responsible
for a rapid decrease in the shear strength at the base
of the layer and the consequent slump-fold defor-
mation of the whole unit.

Gravity (inertia, turbidity or debris) flow
deposits associated with selected
stratigraphic intervals

Slope instability is also documented on seismic
profiles by the repeated occurrence at different stra-
tigraphic levels of sediment prisms probably corre-
sponding to accumulation of gravity flow-type
deposits. These deposits are typically found at the
base of the delta front and may range in size from
a few cubic metres to several hundreds of cubic
metres. According to seismic interpretation they
do not occur randomly but, again, are mostly con-
centrated along specific stratigraphic levels. From
bottom to top, gravity-flow deposits tend to occur

above tephra layers; namely, tS4 (Astroni) tS3-a
(AP3), tS3 (AP4), tS2 (‘Pompeii’ tephra bed) and
tS1-vy (early Medieval eruption) (Figs 18 and 24—
26). There does not seem to be evidence of signifi-
cant evacuation zones of sediments that eventually
collapsed (or were eroded) from the delta front
and were redeposited downslope by gravity flows.
This may reinforce the previous suggestion that
the studied fan-deltas lack major sediment segre-
gation zones in the delta front and are dominated
by effective bypass of alluvial sediments directly
from the foreshore area to the lower segments of
the fan-delta slopes.

Clues to mechanisms controlling underwater
sediment dispersal

Notwithstanding the recent progress in the study of
modern subaqueous coarse-grained, steep-faced
deltas the general understanding of the sediment
transport mechanisms operating on steep subaqu-
eous slopes of coarse-grained deltas is still relatively
limited (Nemec 1990b, 1995; Postma 1990; Mulder
& Syvitski 1995; Mulder et al. 2003; Mutti et al.
2003). This is probably due, on the one hand, to
the virtual inaccessibility of the subaqueous delta
slopes to direct sedimentological observation and,
on the other, to the limited examples of surveyed
subaqueous deltas documented in the literature.

It is generally accepted that medium-—coarse
sediments may be transported for long distances
away from nearshore fan-deltas. Side-scan sonar
data have shown, for example, that during excep-
tional river floods the riverborne load appears to
have sufficient energy to overcome buoyancy and
frictional effects at the river mouth (Prior & Born-
hold 1990). The near-bed concentrations of sedi-
ments appears to be largely unaffected by
seawater density and may proceed across the suba-
queous slopes as hyperpycnal flows. Where the
bottom gradient of the nearshore fan is greater
than the slope of the river thalweg, the offshore
transport of gravel and sand is enhanced. In the
foreshore area river-driven transport is in some
places replaced by gravity-driven transfer of sedi-
ment along the underwater slopes. Hence coarse-
grained sediment transport downslope over the fan
may be significantly controlled by high-density,
pseudolaminar inertia flows, and/or turbidity
flows, as described experimentally by Postma e al.
(1988) and proposed on the basis of modelling
(Mulder & Syvitski 1995; Mulder et al. 2003) and
outcrop studies on ancient deltas (Mutti et al.
2003; Plink-Bjorklund & Steel 2004).

Gravity flows usually originate in one of two
ways: as surge-type sediment gravity flows gener-
ated by localized slope failure (Prior et al. 1987,
Bornhold & Prior 1990; Nemec 1990b) or by more
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sustained currents related to sediment-laden hyper-
pycnal effluent (Gilbert 1975; Bornhold & Prior
1990; Chikita 1990; Mutti et al. 2003). In the case
of the fan-deltas of the Amalfi coast, the absence of
slide scars and evacuation zones landward of the
flow deposits suggests that the principal mechanism
for dispersal on the steep delta slopes is by sediment
gravity flows, or highly concentrated mixtures of
sediment and water moving close to the bed that
probably evolve into turbulent flows during down-
slope motion. These may include the whole spectrum
of gravity-driven processes from debris flows to
grain flows and even high-density turbidity currents
as they build momentum down the foreset slope.

Effects of landscape-mantling volcaniclastic
deposits on the river basin
erosional dynamics

Seismic stratigraphic interpretation showed that
most of the gravity-driven instability processes are
not diffused across the fan-delta but are concen-
trated on a few stratigraphic horizons that invariably
correspond to major tephra layers or tephra clusters.
This observation, coupled with the recognition that
the sediment supply to the fan-delta system is
largely affected by high-energy river floods,
suggests a direct relationship between the rates of
erosion of the river basin slopes that follow depo-
sition of landscape-mantling volcaniclastic deposits
and the rates of underwater sediment that are deliv-
ered to the fan-deltas.

In fact, during and following subaerial eruptions,
sediment erosion and delivery rates are typically
high, not only because of the large volumes of
unconsolidated material, but also because sedi-
ment-stabilizing vegetation is often destroyed or
damaged. Landscape-mantling deposits, mostly
airfall tephra, are deposited in comparatively thin
sheets of unwelded pyroclastic deposits that
mantle topography and/or cap sequences. These
deposits are quickly eroded by sheetwash or rill
and gully erosion and the sediment yield from
these sources declines rapidly, within a few years,
as the gullies reach permeable, less erodible sub-
strates and resistant surface crust develops (Collins
& Dunne 1986; Cinque & Robustelli 2009).
However, it may be expected that the effects of
accelerated slope erosion may last for several
decades, or even longer. Valley-fill deposits, such
as debris avalanche and volcaniclastic deposits,
typically erode not from the surface but also from
the side, thus causing channel widening or bank
erosion and collapse. As a consequence, the newly
formed rock debris may further enhance slope
erosion rates and keep providing high sediment
yields to the seashore for a relatively long time.

Role of climatic forcing on the development

of fan-deltas

It is widely documented that climatic changes sig-
nificantly affect the stratal patterns of inner-shelf
systems in general, and particularly deltaic settings,
worldwide. In recent millennia, periods of cooler
climate in the Mediterranean region were typically
accompanied by periods of higher rainfall that
may have resulted, in turn, in enhancing erosion
on slopes. For instance, abrupt shifts between arid
and humid phases are known to create temporary
disequilibrium between climate, biotic processes
and geomorphological processes, when rainfall
erosivity is high and protective vegetation cover
not fully established (e.g. Dabrio 1990; Mulder &
Syvitski 1995; Fernandez-Salas et al. 2003; Lobo
et al. 2006).

The interpretation proposed in this study implies
that the growth rates of the fan-deltas of the Amalfi
coast were primarily controlled by the average
recurrence interval and magnitude of river flooding
episodes that have provided high sediment yields to
the delta system, concomitant with periods during
which abundant, erosion-prone (volcani)clastic
material was available on the slopes of the river
basins. Accordingly, it may be proposed that the
amount of sediments delivered to the coastline and
hence the rates of development of the Amalfi fan-
deltas in the last 2000 years were possibly dictated
by the interplay of the availability of loose pyro-
clastic cover on the slopes of the alluvial basins
and the varying erosional rates on the slopes
caused by the climatic oscillations that have
occurred during recent millennia (Fig. 27).

In particular, the major change detectable in the
stratal geometries of the fan-deltas occurring in the
early Medieval time (tephra tS1-y) may be associ-
ated with the onset of a period of climatic cooling,
known as Early Medieval Cool Period (c. AD
500-800), that developed immediately after the
Roman Warm Period. Further minor changes in
the stratal patterns of the delta foresets, which are
consistently imaged by the seismic record in all
the fan-deltas of the Amalfi coast, may be tenta-
tively correlated with the Medieval Warm Period
(c. AD 900-1100) and the Little Ice Age (c. AD
1400-1850) (Fig. 21).

Conclusion

The interpretation of the very high-resolution (IKB-
Seistec) seismic survey, calibrated with gravity-core
data, showed that the fan-delta system imaged off
the Amalfi rocky coast developed after the AD 79
Plinian eruption of Vesuvius. During this time
interval of c¢. 2000 years, both sea-level oscillation
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and tectonic subsidence or uplift were practically
negligible in terms of influence on the overall strati-
graphic architecture of the inner-shelf system, and
the main factor controlling stratal geometries and
patterns was the rate and mode of sediment supply.

The prominent gravity-driven instability and
deformation of sediments detected at various strati-
graphic levels within the delta slopes, along with the
substantial lack of subaerial delta-plain components
or other subaqueous segregation zones for sedi-
ments (e.g. distributary channels, levee complexes),
suggest that the stratal geometry of the fan-deltas
was dominantly dictated by the effective transfer
of sediments by hyperpycnal (e.g. inertia, turbidity)
flows directly fed by river flooding to the lower
segments of the delta slopes.

The various phases of subaqueous delta growth
were also controlled by the interplay of two main
factors: (1) the accelerated erosion of slopes of the
alluvial basins by sheetwash and flashfloods during
and/or following periods of intense volcanism,
which resulted in the delivery of considerable
volumes of volcaniclastic debris and loose sedi-
ments to the shoreline; (2) the varying erosive poten-
tial of the river basin slopes under the changing
morphoclimatic regimes over the last 2000 years.

IKB-Seistec seismic profiles were acquired in July 2004
and processed at various stages within the CNR-MTA
(Hungarian Academy of Sciences) bilateral co-operation
project, during the period 2004-2006, and processed at
Geomega Ltd., Budapest. Gravity-cores and other geophy-
sical data used in this study, including magnetic suscepti-
bility logs, were acquired by the IAMC-CNR, Naples,
between 1997 and 2004 for the geological mapping of
the Italian coastal zone at 1:50000 scale (CARG
project). The "*C AMS analyses were conducted at the
Centre for Isotopic Research for Cultural and Environ-
mental Heritage (CIRCE) Laboratory in Caserta and
partly at the Lawrence Livermore Laboratory (LLL), US
Geological Survey, CA, USA. Sincere thanks are due to
M. Capodanno for her work in the sedimentological
laboratory, and to P. Sclafani for proofreading of the
English manuscript.
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