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ABSTRACT

Plinian eruptions are amongst the most powerful and destructive volcanic events on Earth.
These explosive eruptions generally form a sustained eruptive column which, as a result of
abrupt changes in eruptive conditions can collapse producing one of the most hazardous
volcanic events: pyroclastic density currents (PDCs), able to reach great distances far from the
vent and entirely destroy populated areas. In this scenario, the well-documented AD 79
eruption was selected as representative case study for the current PhD research. It killed
thousands of people, devastating the surrounding countryside and destroying many towns,
most notably Pompeii and Herculaneum, as well as country villas, suburbs and dwellings over
a radius of more than 10-18 km from the volcano. The AD 79 eruption can be said to have
given birth to the science of volcanology and to have significantly advanced the science of
archaeology. It was characterized by two main phases which can be summarized as follows:
a Plinian sustained eruptive column emplacing a southward-distributed widespread tephra
fallout concurrent with successive partial column collapses and a second phase dominated by
PDCs representing the focus of the present research. Despite the large number of studies
concerning the AD 79 eruption, multiple interpretations were reported in literature for the PDC
deposits from this event. Therefore, with the aim of resolving the most debated topics and
tentatively provide an unified view regarding the AD 79 PDC deposits and the parental PDCs
emplacing them, with the current research a detailed field work was perfomed on numerous
and well-exposed outcrops around Vesuvius, in the Campanian Plain and on the Lattari Mts,
including several archaeological sites. 27 individual PDC stratigraphic units from the opening
to the intra- and post-Plinian phases of the eruption have been documented for the first time
with this research, emplaced by 16 PDCs. In order to document lateral and vertical variations
in grain size, types and amount of components of the AD 79 PDC deposits, all recognized PDC
stratigraphic units were carefully sampled (417 samples) with the recognition of 14 different
lithofacies. A new reconstruction of the behaviour of the AD 79 PDCs has been established
through the merging of all the available data. The very initial phase of the eruption is marked
by the formation of a small-volume, slow-moving, ground-hugging ash flow with a limited areal
distribution. For the first time, nine partial Plinian column collapses are documented
representing a purely magmatic phase of the eruption. Changes in the eruptive dynamics led
to the formation of post-Plinian PDCs representing the most powerful and turbulent AD 79
PDCs, even capable to overcome the barrier ridge represented by the Lattari Mountains. In
addition, juvenile components (consisting of pumice clasts, both white and grey) were sampled
at various stratigraphic heights and 97 of them were selected for major oxides and trace
element concentrations analyses adding new information on the geochemical composition of

the AD 79 PDC deposits. Finally, the detailed and well constrained stratigraphy of the AD 79



PDC deposits has been a useful tool to define the exact timing of the destruction during the
intra-Plinian and post-Plinian phases of the eruption with significative implications on the risk

assessment related to high-energetic volcanic events.



INTRODUCTION

Pyroclastic density currents (PDCs) represent the most hazardous events of explosive
volcanism (e.g., Cas and Wright, 1987; Carey, 1991; Branney and Kokelaar, 2002) and their
deposits are very abundant in the geological record. The devastating impact of the PDCs has
been demonstrated by historic eruptions especially in densely populated area surrounding
active volcanoes (Todesco et al., 2002; Cioni et al., 2004; Baxter et al., 2005; Guirioli et al.,
2005). The AD 79 eruption represents the most famous and one of the four Plinian events
occurred at Somma-Vesuvius since 22 ka BP (e.g., Andronico et al., 1995; Santacroce et al.
2008). It devasted a significant part of the perivolcanic area within 10 km from the vent (e.qg.,
Kent et al., 1981; Sigurdsson et al, 1985; Gurioli et al. 2005a; Cioni et al., 2004; Caricchi et al.,
2014), heavily damaging the Roman towns of Pompei, Herculaneum, Oplonti and Stabiae. The
AD 79 eruption has been the focus of several volcanological, petrological and geochemical
studies, (e.g., Lirer et al., 1973; Sigurdsson et al., 1985; Carey and Sigurdsson 1987; Cioni et
al., 1990, 1992, 1995, 1996, 2000; Luongo et al., 2003a,b; Scarpati et al., 2020; Doronzo et
al., 2022), representing a starting point of the modern volcanology, since the description made
by Pliny the Younger (which gave the name to this type of activity) in his letters to Tacitus (e.qg.,
Giacomelli et al., 2021). The eruption started with a weak phreatomagmatic explosion which
covered the proximal area of the volcano with an ash deposit. The immediately following high
Plinian column (from 14 to 32 km, Carey and Sigurdsson, 1987) emplaced a thick layer of
pumice lapilli (from white to grey, indicating a change in density and chemical composition of
the tapped magma, e.g., Civetta et al., 1991; Cioni et al., 1995), covering a wide area south of
the volcano (e.qg., Lirer et al., 1973; Sigurdsson et al., 1985). Immediately before, during and
after the fallout phase of the grey pumice lapilli, several PDCs developed and spread radially
around the volcano, destroying every settlement within a radius of 10-15 km (e.g., Giacomelli
et al., 2003). Some structural variations in the volcanic building, such as calderic collapse and
vent widening, were responsible for an increase in the mass eruptive rate during this phase,
and were followed by a final phreatomagmatic phase, leading to the emplacement of ash
deposits rich in accretionary lapilli. This latter phase began in the early hours of 25 August (or
October). The eruption lasted at least 19 h, from 1:00 p.m. of 24 August (or October) to 8:00
a.m. of 25 August (or October).

Despite the large number of studies concerning the AD 79 eruption, several issues are still
largely debated, and multiple interpretations were reported in literature for the PDC deposits
from the AD 79 eruption. The basal ash layer, representing the very initial phase of the
eruption, has been ascribed to a fallout (e.g., Sigurdsson et al., 1985 and Barberi et al., 1989)

or a PDC origin (e.g., Lirer et al., 1993; 1997), or even to both (e.g., Cioni et al., 1992; Doronzo



et al., 2022). A similar controversy exists about whether the post-Plinian accretionary lapilli-
bearing deposits of the final stage of the eruption were emplaced by fallout or PDCs (e.qg.,
Sigurdsson et al., 1985 Cioni et al., 1992; 2020; Gurioli et al., 2007; Luongo et al., 2003a;
Scarpati et al., 2020 and Doronzo et al., 2022). Further, there is significant disagreement on
the moment at which the transition from magmatic to phreatomagmatic activity occurred, as
well as the role of magma-water interaction during the course of the eruption (e.g., Sheridan
et al., 1981; Arno et al., 1987; Barberi et al., 1989; Sigurdsson et al., 1985; Cioni et al., 1992;
Lirer et al., 1993; 1997; Luongo et al., 2003a; Scarpati et al., 2020; Doronzo et al., 2022). A
general agreement instead exists regarding the caldera collapse during the AD 79 eruption,
but the exact timing at which the magma chamber destabilization occurred is not well-
constrained on stratigraphic grounds, being inferred from different evidence by several authors
(e.g., a strong enrichment in deep lithic components in some PDC units for Cioni et al., 1992;
2004). Another point of debate is the use of various and sometimes disputed correlation
methods for defining the stratigraphic position of the AD 79 PDC deposits within the whole
pyroclastic sequence, leading to a partly contradictory picture in which the actual number and
the areal distribution of each PDC layers still remain not well defined. Finally, although many
petrochemical studies on the juvenile component of the AD 79 eruption have been presented
in literature (Civetta et al., 1991; Cioni et al., 1992, 1995; Mues-Schumacher et al., 1994; Redi
et al., 2016; Melluso et al., 2022), petrological features of the tapped magma during the partial
and total column collapse phases have been only party addressed, assuming stratigraphic

schemes that appears not always well-constrained as mentioned above.

The current research focuses on the PDC deposits associated with the partial and total eruptive
column collapse (i.e. intra-Plinian and post-Plinian phases) and a close-up view is provided on
the very initial basal ash layer, with the aim of resolving the most debated aforementioned
topics and provide an unified view of the AD 79 PDC deposits and the parental PDCs that
emplaced them. In order to reconstruct the entire depositional architecture of these deposits,
a detailed field analysis was perfomed on numerous outcrops around Vesuvius, in the
Campanian Plain and on the Lattari Mts. Differently from the literature, where afacies analysis
is reported on some specific stratigraphic units only or on the entire AD 79 PD sequence in
few locations, the facies analysis approach was extended here for the first time to the whole
AD 79 PDC sequence across the entire studied area. Furthermore, the stratigraphic height of
the AD 79 PDC deposits was ascertained based on the recognition of distinctive, regionally-
traceable interstratified fallout marker layers, applying the correlation criteria proposed by
Fierstein and Hildreth (1992). In addition, with the aim to quantitatively characterize the PDC
deposits and the lithofacies recognized, a total of 417 samples were collected, 344 of which

were chosen for granulometric analyses. For 78 samples, characterized by an exceeding finer



fraction (> 15 wt.%), particle size distribution down to 9 (2>m) was determined by means of
gravity sedimentation in water. Component analysis (juvenile clasts, lithic clasts and crystals)
was performed for 264 samples down to 2 . 104 samples with a fine fraction > 40 wt.% were
examined down to 4 . Furthermore, 4 samples were selected for density measurements and
11 for estimating the crystal enrichment factor (Walker, 1972). In addition, juvenile components
(consisting of pumice clasts, both white and grey) were sampled at various stratigraphic
heights and 97 of them were analysed for major oxides and trace element concentrations. The
results of the analyses (sedimentological, component, petrochemical) were used to correlate
the PDC deposits in the upwind sector (NW to NE of the Vesuvius vent) where the fallout
deposit completely lacks. Finally, thanks to a collaboration between the Archaeological Park
of Pompei and the University of Napoli Federico I, a systematic survey of numerous well-
exposed outcrops along all the recent excavations, allowed to study in detail the facies
variations of the PDC stratigraphic units even at small scale, investigating how their distribution
is locally influenced by urban structures, and documenting their impact in an urban

environment.



CHAPTER 1

1. The partial and total column collapse phases of the AD 79 Plinian Vesuvius
eruption: a critical review of the previous studies

1.1 Introduction: Plinian eruptions and the case study of the AD 79
Vesuvius eruption

Plinian eruptions are powerful explosive volcanic events that impact large areas, with cubic
kilometres of magma emplaced as pyroclastic material accumulated in thick blankets around
the volcanic vents (e.g. Fisher and Schmincke, 1984; Sparks et al., 1997; Luongo et al.,
2003a). The violence of the emplacement mechanism (i.e., fallout and/or pyroclastic density
currents) and the sudden burial of the landscape make these types of eruptions extremely
dangerous (Scarpati et al., 2016). These eruptions are named after the Roman statesman
Pliny the Younger, who witnessed t B 7% whictpt i on
destroyed the towns of Pompei and Herculaneum, killing thousands of people (Giacomelli et
al., 2003). A Plinian eruption can last for hours or days, sustaining a giant eruptive column, but
pyroclastic density currents (PDCs), often forming by partial or total column collapse, are also
common. Although most of the volume of magma emitted is usually associated with the
sustained column phase, the generation and propagation of PDCs causes the greatest
damage to the territory and the resident population, representing the most hazardous events
associated to explosive volcanism (Cas and Wright, 1987; Carey, 1991; Branney and
Kokelaar, 2002; Sulpizio and Dellino, 2008). Their devastating potential has been
demonstrated by historical eruptions in densely populated areas surrounding active volcanoes
(Todesco et al., 2002; Cioni et al., 2004; Baxter et al., 2005; Gurioli et al., 2005). Aiming to fully
understand these phenomena, an accurate reconstruction of the physical behaviour and the

historical record of a volcano is a critical starting point for the assessment of volcanic hazard.

In this scenario, an excellent case is represented by the worldwide-known AD 79 Plinian
Vesuvius eruption, which buried the Roman towns around the volcano under several meters
of pyroclastic materials with catastrophic effects over a radius of more than 10-18 km from the
vent. The huge amount of researches regarding the AD 79 Vesuvius eruption has made it
possible to largely define the stratigraphy (e.g. Lirer et al., 1973, 1993; Sigurdsson et al., 1982,
1985; Arno et al., 1987; Barberi et al., 1989; Cioni et al., 1992, 1995, 2020; Gurioli et al., 1999,
2002, 2005, 2007, 2010; Luongo et al., 2003a; Scandone et al., 2019; Scarpati et al., 2020;
Doronzo et al., 2022), the distribution of the volcanic products (e.g. Cioni et al., 2020), the
petrochemistry of the juvenile clasts (e.g. Di Girolamo, 1963, 1968; Barberi et al., 1981,
Santacroce, 1987; Civetta et al., 1991; Cioni et al., 1992, 1995; Civetta and Santacroce, 1992;
Lirer et al., 1993; Mues-Schumacher, 1994; Ayuso et al., 1998; Balcone-Boissard et al., 2008,

10



2011; Shea et al., 2014; Melluso et al., 2022), the eruptive dynamics, the emplacement
mechanisms and the impact on the urban structures (e.g. Luongo et al., 2003a; 2003b; Gurioli
et al., 2002; 2005; 2007; Mastrolorenzo et al., 2010; Dellino et al., 2021).

With my dissertation, | will investigate the pyroclastic density currents deposits associated with
the partial and total column collapse during the AD 79 eruption. In this Chapter, | report the
outcomes of the main volcanological and geochemical research studies about the AD 79
eruption, aimed at critically reviewing the literature concerning the PDC phases of eruption and
discussing the strengths and the weaknesses of the proposed models. Chapter 1 consists of
six paragraphs that, starting from a brief introduction about the volcanic and structural history
of the Somma Vesuvius, provide a review of the different approaches used in literature to study
the stratigraphic sequence of the AD 79 PDC deposits and their impact. This will shed light on
some aspects of the eruption that are still matter of debate, such as, 1) the real number and
the areal distribution of the PDCs generated during the partial and total column collapse
phases, 2) the timing and the role of phreatomagmatism during the course of the eruption, and
3) the devel opnfeonrtmionfg éa il adielitgwheathis evenhafectpdate
subsequent dynamic of the eruption and the nature and the behaviour of the generating PDCs.

1.2 Geological setting of Somma -Vesuvius

The Somma-Vesuvius (Fig. 1.1a), together with the Campi Flegrei Volcanic District are part of
a series of active volcanic complexes developed within the extensional graben of the
Campanian plain, one of the most important peri-Tyrrhenian structures of the Southern
Appenines chain (e.g. Rosi and Sbrana, 1987; Sbrana et al., 2018; Peccerillo, 2017), which
formed from Miocene to Pleistocene, following the opening of the Tyrrhenian basin (Peccerillo,
2017). The Somma-Vesuvius volcanic complex is made of the remnant of an older
stratovolcano (Mt. Somma) cut by an eccentric, polyphasic caldera and by a stratocone
(Vesuvius) grown inside the caldera after the AD 79 eruption (Cioni et al., 1999) (Fig. 1.1b).

11
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Fig. 1.1: a) Volcanological map of Somma Vesuvius, scale 1:20 000, with type stratigraphic sections
(Sbrana et al., 2020). b) View from the Vesuvius cone with the inner caldera wall of Mt Somma in the
background (from Sbrana et al., 2020).

The construction of the stratovolcano started after the Phlegrean eruption of the Campanian
Ignimbrite eruption (39 ka; De Vivo et al., 2001; Fedele et al., 2008, 2016), as evidenced by
the stratigraphy of the Trecase 1 geothermal well (Brocchini et al., 2001). The stratovolcano
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grew up to around 2000 m in height over a time span of ca. 20 kyr (Cioni et al., 1999, Fig. 1.2),
mainly through the piling up of lava flows and spatter and loose scoria deposits (Johnston
Lavis, 1884; Santacroce, 1987, Sparice et al., 2017). The deposits of four main Plinian
eruptions are present in the Somma Vesuvius ¢
Baseo, t he iMer cat oo, t he fAvellinoo and t he
Santacroce et al., 2008).

The Pomici di Base Plinian eruption marked the onset of high-intensity explosive activity,
producing the first main collapse of the caldera (Andronico et al., 1995; Bertagnini et al., 1998;
Cioni et al., 1999) and the shift to a more explosive activity fed by evolved trachytic magmas
(Santacroce et al.,, 2008). The Pomici di Base eruption was followed by effusive/mildly
explosive activity from lateral vents, aligned along regional faults (San Severino, Pollena and
Camaldoli eruptive fracture systems) (Fig. 1.2) and, after about 3 kyr, by the Pomici Verdoline
subplinian eruption (Delibrias et al., 1979; Santacroce and Sbrana, 2003; Cioni et al., 2003),
one of the higher magnitude sub-Plinian eruption of Somma-Vesuvius. The following 15 kyr
were characterized by the two Plinian eruptions of Mercato (9.0 kyr BP; Mele et al., 2011) and
Avellino (3.9 kyr BP; Sevink et al., 2011; Sulpizio et al., 2010a, 2010b, Fig. 1.2), separated by
long periods of nearly complete quiescence. These two Plinian events produced phonolitic and
phonolitic to tephriphonolitic products, respectively, culminating in phases of caldera collapse
(Cioni et al., 1999).

After the Avellino eruption, the frequency of medium to high intensity eruptions increased, with
at least 8 explosive events ranging from weak sub-Plinian (Cioni et al., 2008) to violent
strombolian and vulcanian (Andronico and Cioni, 2002). This period of activity ended in 217-
216 BC (Stothers and Rampino, 1983) preceding the AD 79 Pompei Plinian eruption. The
Vesuvius cone possibly began to form after AD 79 eruption inside the Somma caldera, in
coincidence with minor explosive activity described in few contemporary chronicles (Cioni et
al., 2013). Its growth occurred discontinuously during periods of open conduit activity. The first
period, named Santa Maria Cycle (Cioni et al., 2013), punctuated the I-1ll century period,
preceding the sub-Plinian event of the AD 472 Pollena eruption (Sulpizio et al., 2005). Open
conduit activity characterized the Vi VIIl and Xi Xl centuries (San Pietro Cycle and Villa
Inglese lava flows) and preceded the AD 1631 sub-Plinian eruption (Rosi et al., 1993; Rolandi
et al., 1993c; Bertagnini et al., 2006), which is regarded to as the last large explosive event
occurred in the recent history of Vesuvius. The AD 1631 eruption was followed by the last
period of activity (163811 944) during which the 6Gran Conod (
its present morphology. The eruptive activity of this period was split into 18 cycles, with summit
and lateral lava effusions and semi-persistent mild explosive activity (Santacroce, 1987). Each

cycle was closed by more intense effusive-e x pl osi ve &6final 6 eruptions
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last of which occurred in 1944 (Cole and Scarpati, 2010). The Vesuvius is quiescent since
March 1944 (Fig. 1.2).
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Fig. 1.2 - Chronostratigraphic scheme (not to scale) of the volcanic history of Somma-Vesuvius (from
Sbrana et al., 2020). Arrows refer to explosive eruptions; the length and the colour of any arrow refer to
the estimated VEI (Volcanic Explosivity Index; data from Cioni et al., 2008); dashed arrows mark
eruptions of uncertain source as reported by Sbrana et al. (2020). Yellow boxes show periods of
persistent strombolian and effusive activity.

1.3 The Somma -Vesuvius caldera:col | apse by -fiiccrathidregda er upt
or Asummi-up O eak

As briefly mentioned in the preceding paragraph, the Somma-Vesuvius volcanic complex is
composed of a multistage older summit caldera (Mt. Somma, maximum height 1132 m above
sea level, a.s.l.) and a nested younger cone (Mt. Vesuvius, 1281 m a.s.l., Cioni et al., 1999;
Guirioli et al., 2010, Fig 1.1).
Over the years, different models have been proposed to explain the mechanism by which the
Somma-Vesuvius caldera formed. The most relevant of these are briefly reviewed in this
paragraph.
Following the pioneering models proposed by Rittmann (1964; 1967), MacDonald (1972),
Bullard (1978), Williams and McBirney (1979), the Somma-Vesuvius caldera was an example
of a AKrakat oan 0 thedoundieringaf the top of largedcontpgsitefivolcanoes
following explosive eruptions of siliceous pumice from one or more vents, or in some instances,
from arcuate fissures on the flankso . The authors suggested that
formation of the Mt. Somma caldera were associated with the AD 79 eruption, characterised
by a rapid emptying of a magma chamber that finally culminated with a caldera collapse.
According to Stothers and Rampino (1983), Roman paintings from Pompei and Herculaneum
were evidence that, prior to AD 79 eruption the top of the volcano was asymmetrically-shaped,

indicating that a Somma-type caldera was already present. In 1997, the volcanological
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interpretation of a Roman fresco from Pompei (Nazzaro, 1997) left few doubts about the
presence of a pre-existing caldera.

On the other hand, according to other authors, the Somma-Vesuvius caldera is a multi-stage
structure, resulting from several collapses. Lirer et al. (1973) first suggested that the structure
could have resulted from several vertical collapses. Successively, Delibrias et al. (1979), based
on the recognition of several pyr ocl asftoircmisneggou e
Plinian eruptions, proposed a poly-phased formation of the caldera, suggesting that the first
coll apse occurred during the APomici di Baseo e
A few years later, Walker (1984) described the Somma-Vesuvius caldera as an example of a
structure formed through repeated collapses connected to the Plinian eruptions of Mercato,
Avellino and Pompei. The asymmetric shape of the caldera also suggested that a lateral
collapse had occurred, as Milia et al. (1998) later postulated.

The real first attempt to reconstruct in detail the multi-stage evolution of the Somma-Vesuvius
caldera was made by Cioni et al. (1999). They suggested that each Plinian eruption produced
a summit collapse that modified the size and the shape of Mt. Somma caldera as result of a
significant emptying of shallow level, mature magma. The authors also recognized that the
original apex of the older Somma stratovolcano was approximately 500 m north of the present
Vesuvius crater, at 1600-1900 m a.s.l.

In disagreement with the scheme previously proposed by Scandone (1990), in which the
caldera structure resulted from chaotic collapses, Cioni et al. (1999) suggested that the vertical
throws (>100 m) of the Somma-Vesuvius caldera blocks, all accumulated along single faults,
resulted from the morphological evolution of the rims of a multicyclic nested caldera and
repeated vertical collapses.

Rolandi et al. (2004) speculated that the Somma caldera was already present prior the AD 79
and 472 AD eruptions, while the Vesuvius cone formed inside the caldera in the Middle Ages
only (Rolandi et al., 1998; 2003). According to these authors, the Somma caldera was formed
i ncrementally i nexnplnoes ievietedtaosmi| lvyghoplayed @ major role
during the ol dest Plinian eruptionsflafnkSdmmd u
mechanism, promoted by strong phreato-plinian events associated with the more recent
Plinian eruptions of Avellino and Pompei. More specifically, the Avellino eruption would have
produced volcanoclastic debris flow and base surge deposits in the W-SW area with a sector
collapse. Successively, during the AD 79 eruption, the flank failure process would have
extended to the SE sector of the Somma edifice. The authors also recognized large
volcanoclastic debris flows, formed during the 472 AD eruption, partly breaching the northern

caldera wall.
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At the present, the most accepted model is that of Cioni et al. (1999), who identified and defined
the chronology of the main events that recurrently induced vertical collapses based on a robust
stratigraphic reconstruction.

As illustrated in Figure 1.3, the Somma-Vesuvius caldera has an evident lobate, quasi-elliptical
shape with a 5-km-long, easti west major axis and it is characterized by steep walls in the

northern sector and a gentle morphology in the southern one (Cioni et al., 1999).
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Fig. 1.3 1 Digital elevation model (from Linde et al., 2017) of the Somma-Vesuvius volcanic complex
with the main volcanic features (as discussed in Santacroce and Sbrana, 2003; Gurioli et al., 2010;
Paolillo et al., 2016). Dashed lines refer to sectors of inferred caldera that were removed by subsequent
caldera forming events. The blue lines refer to vertical sections along which 3-D density model has been
performed (from Linde et al., 2017).

From the fACognol i di Levanteo i n t hdae avenage
elevation is of approximately 1000 m and two main arcuate lobes can be distinguished (Fig.
1.4). Thewesternarc(Ai1B in fig 1.4), with a radius of
dell a Vetranao to the norstdéwntoamaliitude af approxenately
600 m, whereas its southward extrapolation, mantled by lava flows, intersects the Observatory
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Hill (Fig. 1.4). The central portion of Mt. Somma ridge forms the main lobe of the caldera,
extending fromchiCagnobi i €b g imicChneFig.dlLi4). There; thenlb0e 0 ( B
m-high subvertical wall shows a lobate, scalloped shape due to differential erosion between

dike crags (Cioni et al., 1999). A third main lobe of the caldera structure runs from the Cognoli

di Levante to the south-eastern tip of Piano delle Ginestre (Ci D in Fig. 1.4), with a larger radius

of curvature than the Bi C arc. The southern part of this lobe is well shown by a sharp increase

in the slope of the mountain below an average elevation of around 600 m. There, the structure

is covered by a pile of recent lava flows and pyroclastic deposits that overtopped the lowest

rim of the caldera after filling the depression. The semi elliptical arc delimitating the flat
morphology of Piano delle Ginestre lava field (D7 E in Fig. 1.4) completes the multilobate shape

of the caldera, forming an acute angle with the southern rim of the caldera. It is considered to

be linked to the crescent shaped relief of the Observatory Hill, which forms the northern tip of

the arc (Cioni et al.,, 1999). The Piano delle Ginestre therefore seems nested within the
continuation of the Al B lobe of the caldera, appearing as a filled depression bounded by a
Aconstructional 06 edge, which i nduceshesa(Cionmet r i c
et al., 1999). The present flat morphology of the Piano delle Ginestre records the filling of the

old depression by historical lava flows that overflowed the seaward rim during the 16941 1697

activity (Santacroce, 1987).

e i e

Fig. 1.4 7 Satellite image of Somma Vesuvius with trace of the morphological rims of the caldera (on
the left) and location map (on the right) after Cioni et al. (1999).

1.4 Alook at the past: a brief summary of the studies on the AD 79 Vesuvius
eruption from the 18 ™ Century to the present

The AD 79 eruption has become famous since the historical times of Pliny the Younger who
became the first eyewitness to describe a large explosive eruption. He made an accurate
narrative of the main features of the eruption and of the death of his uncle, Pliny the Elder, in
two letters to Tacitus (Gigante, 1989).
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Although discrepancies do exist regarding some details about the stratigraphic position and
the interpretation of some deposits in some specific locations, an overall agreement exists on
the recognition of four main phases of the eruption (Sigurdsson et al., 1985; Cioni et al., 1990;
1992; 1999; 2004; Luongo et al., 2003a; Gurioli et al., 2007; Scandone et al., 2019; Doronzo
et al., 2022):

(1) A phreatomagmatic opening phase, beginning after noon of 24 August (or October), which
is thought to be related to the interaction between magma rising and overlying aquifer. This

type of activity generated an ash deposit cropping out on the volcano slopes.

(2) A main Plinian phase emplacing widespread fallout products (whose juvenile fraction varies
from white phonolitic pumice clasts to grey tephriphonolitic pumice clasts with increasing
stratigraphic height) towards the south and south-east of the volcano, and minor pyroclastic
density currents. This phase was estimated to have lasted about 18-19 hours (Sigurdsson et
al., 1985; Cioni et al., 1992).

(3) A second magmatic phase, related to the collapse of the eruptive column, emplacing mainly
PDCs rich in lithic fragments. Some structural variations in the volcanic building, such as
calderic collapse and vent widening, were responsible for an increase in the mass eruptive

rate during this phase. The phase began in the early hours of 25 August (or October).

(4) A final phreatomagmatic phase, leading to the emplacement of ash deposits rich in

accretionary lapilli.

In this paragraph, | will focus on the main studies concerning the stratigraphy of the AD 79
PDCs deposits, in order to critically review the state of the art knowledges and highlight the
main aspects that are still debated. This latter will be further investigated and discussed in the
following chapters.

The first studies on the AD 79 Vesuvius eruption date back to the XVIII and XIX centuries,
mainly resulting from archaeological findings and volcanic insights.

The first volcanological study of the products of the AD 79 Vesuvius eruption is due to
Johnston-Lavis (1884) who did not recognise the presence of pyroclastic products on the
external slopes of the Somma-Vesuvius. In 1908, Lacroix hypothesized that most of the pumice
outcrops from the AD 79 deposits were produced by a recently discovered phenomena of the
fnuée ardent typeo , erupt i v ereypohsty onbseneddaring the 1902 eruption of the
Pelée of Martinique (Lesser Antilles). Merril (1918; 1920) first reported that these deposits
contained carbonized wood remnants, as well as partly burnt documents, suggesting the

hypothesis that the city of Pompei had been inundated by burning clouds.
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In the early 1950s, the archaeological excavations of Pompei and Herculaneum sparked some
genuine interest in several authors. Ippolito (1950), highlighted different sedimentological
characteristics of the deposits in the two archaeological sites, and proposed two different
depositional mechanisms: burial by lapilli fallout from a volcanic cloud in the case of Pompei,

inundation by mudflows for the city of Herculaneum.

Rittmann (1950) agreed with the models proposed to explain the burial of Pompei and
Herculaneum, suggesting that the cross-bedded portions of some deposits were due to the

remobilization of fallout deposits by subsequent quarrying activity.

Only in the early 1970s, the first numerical models and classifications for both the eruptive and

the emplacement mechanism of explosive eruptions were starting to be proposed.

The first detailed investigations of the pyroclastic products of the eruption cropping out around
the volcano were provided by the pioneering field work of Di Girolamo (1963; 1968), Lirer and
Pescatore (1968) and Lirer et al. (1973). More specifically, Di Girolamo (1968) described the
sequence of the AD 79 deposits outcropping along the southwestern cliff of the Torre del Greco
city and inside Herculaneum excawdtlioavn e sc¢ @ my
basal part, and a cross-stratified, fine-grained deposit in the upper part of the sequence. He
also recognized the pyroclastic sequence on the NNE slopes of Mt. Somma and characterized

the juvenile fraction on chemical, mineralogical and petrological grounds.

Lirer et al. (1973) were the first to discriminate the fallout pumice deposits erupted during the
AD 79 eruption from those emplaced during the 3.9 ka Avellino eruption, the latter being
dispersed toward ENE (Di Vito et al., 2009). Furthermore, they observed that the AD 79 fallout
deposit display a faint stratification due to minor variations in the grain size and content of lithic
fragments, and to a slight but distinct overall upward increase in the grain size. They drew the
first isopach map of the AD 79 fallout deposits and estimated a total volume of emitted magma
of 2.6 km3. The authors also identified the dispersal area to the southern and south-eastern
sector of Vesuvius, tracing the fallout deposit up to 72 km away from the vent. Based on the
recognition of limestone lithic fragments, reaching a maximum in the upper part of the grey
pumice deposit, the authors suggested a depth of 5 to 6 km for the magma chamber feeding
the grey pumice, in agreement with Rittmann (1950). On the other hand, they considered that
the lithic fragments (lava and limestone) in the white pumice deposits as indicative of shallower
reservoir depths (i.e. about 1 km). Finally, Lirer et al. (1973) recognised an abrupt change in
the colour of the pumice clasts from white to grey, which they ascribed to the existence of a
compositionally zoned magma chamber (more salic at the top and mafic at the bottom and

used Plinyods | etter for estimating the timing
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In the same year, Sparks and Walker (1973) recognized the presence of primary flow deposits

(ground surge layer and ignimbrite) in the AD 79 sequence.

A few years later, also Sheridan et al. (1981) and Sheridan and Wohletz (1981) recognized

that the products of AD 79 eruption included pyroclastic flow and base surge deposits in the

lower parts of the sequence at Herculaneum and proposed the first numerical model for the

dynamics of the eruption. They related the ashy levels interlayered in the medial pumice fallout
sequencestotheempl acement of MAhot andwavegd, pyimaclsa ytei
generated by episodes of water access to the eruptive conduit and suggested that a collapse

of the sedimentary basement was followed by the injection of external groundwater into the

chamber (Fig. 1.5). According to this reconstruction, the eruption opened with a magmatic

phase during which a 17 km height sustained column deposited the white pumice fallout

deposit. The following emptying of the magma chamber and the rupture of the sedimentary

basement caused the ingress of water into the magma chamber, with its consequent
vaporization increasing the content of volatiles in the magma and the explosivity of the

eruption. The eruptive column rose, emplacing the grey pumice deposit, whose juvenile clasts

are denser and larger than those of the white one. The interstratified surge deposits were
interpreted by the authors as related to fibase
phase of the eruption. As the eruption continued, the activity became hydromagmatic, with the

generation of wet surges and pyroclastic flows, followed by a purely phreatic activity when all

the magma was exhausted. At the end of the eruption, some lahars were deposited around

and inside the city of Herculaneum.

Elevation (km)

log eruption rate {(m® s~ )

Fig. 1.5 7 Model for the evolution of the AD 79 eruption as reconstructed by Sheridan et al. (1981).

20



In the same years, Barberi and Leoni (1980) reconstructed the structure of the magma
chamber of the Somma Vesuvius based on the study of the AD 79 eruption. Based on the
recognition of the carbonate lithic fragments found within the pumice fallout deposit, they
calculated the depth of the (vertically zoned) magma chamber, placing it at a depth of about 2-
4 km in the sedimentary basement, assuming a cylindrical shape with a height of 2 km, a

diameter of 1 km and a volume of 2 km?3.

With a careful examination of Pliny the Younge

the historical and geological evidence for the first time, inferring that the AD 79 eruption

consisted of two main volcanol ogi cal phases.

to the southeast of the volcano and emplaced a 280 cm thick air fallout pumice over Pompei.
Subsequentl vy, a | at e A BReerhoenmg of Aygusta(er eOctdber)g2a,n
generating Anuees ardentesodo flowing down
authors also proposed some estimates for the duration of the fallout phase (18 hours) and the
sedimentation rate of the pumice lapilli at Pompei (15 cm/h).

Since the 1980s, several authors have described the stratigraphy of the AD 79 eruption from
proximal archaeological sites around the volcano to medial and distal sections away from the
Vesuvius vent, following different approaches and stratigraphic nomenclatures and applying
different interpretative models. In Table 1, the main stratigraphic reconstructions proposed in
literature are reported, referring to the articles from Sigurdsson et al. (1985), Cioni et al. (1990;
1992), Gurioli et al. (2007) and Scarpati et al. (2020).

Sigurdsson et al. (1985), based on the study of the stratigraphic sections exposed all around

t
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the volcano, used an al phanumeric and fAgeneti c

sequence, named as nAO0, iSO and cénfendt méclmanismf a | |

respectively. The Il etter ACO refers to deposit

et al. (1990; 1992; 2004) and Gurioli et al. (2007), again based on the deposits cropping out
around the volcano, subdivided the stratigraphic succession into 8 different Eruptive Units
(EV), each characterized by different areal distribution and significant lateral variations.
Eruptive Units were subdivided into sub-units in subsequent papers from the same research
group (Cioni et al., 1999; 2004; 2020; Gurioli et al., 1999; 2002; 2005; 2007). Finally, Scarpati
et al. (2020) used a non-genetic and descriptive homenclature modifying the one proposed by
Luongo et al. (2003a) in a study focused on the deposits cropping out in the Pompei
excavations. In the following paragraphs these models will be discussed in detail along with

the results from other studies which contributed to the scientific debate on the AD 79 eruption.
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Sigurdsson et al. (1985) Cioni et al. (1990; 1992 ; 2004) Luongo et al. (2003 a)
Gurioli et al. (2007) Scarpati et al. (2020)
accretionary lapilli layers EU8 T
accretionary lapilli layers EU8 S
accretionary lapilli layers EU8 R
accretionary lapilli layers EU8 Q
accretionary lapilli layers EU8 P
accretionary lapilli layers EU8 (0]
accretionary lapilli layers EU8 N
accretionary lapilli layers EU8 M
accretionary lapilli layers EU8 L
|
EU7pf H
A10 EU7 G3
G2
G1
EU6
EU5
C1 EU4 accretionary lapilli bearing F
F6
S5 EU4pf/EU4b E2
El
A8 EU4bl/EU4a D
EU3pfL
F5
S6 EU3pf/EU3pftot C3
A7 B3
F4
S4 Cc2
A6 EU3f B2
F3
S3 EU3pfiii C1
A5 EU3f B1
F2
S2 EU3pfii
A4 EU3f B1
F1
S1 EU3pfi
A3 EU3f B1
EU2/3pf
A2 EU2f A
Al EU1

Table 1 i Comparison between the stratigraphic units recognized by Sigurdsson et al. (1985), Cioni et
al. (1990; 1992), Gurioli et al. (2007), Luongo et al. (2003a) and Scarpati et al. (2020). Each stratigraphic
scheme is vertically continuous but a direct correlation between the different models is not always
possible. Where the cell is empty, no stratigraphic units has been described, i.e. there is not a gap in
the stratigraphy but there is not a direct correlation between the several stratigraphic schemes.
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1.4.1 The very initial opening phase of the eruption: a fallout o ra
pyroclastic density current deposit?

The nature of the very initial deposit of the AD 79 eruption, found in some proximal sites around
the Vesuvius at the base of the white pumice lapilli deposit, is still largely debated. This phase
was never recognized until 1985 and some authors such as Sheridan et al. (1981) proposed
that the eruption opened with a magmatic phase, with the development of a sustained column
from which white pumice fallout was deposited.

Only in 1985, Sigurdsson et al. (1985) presented a more detailed stratigraphic reconstruction
of the AD 79 eruption in order to define the eruptive dynamics of the event. They described the
ash layer A-1 at the base of the sequence (Table 1), as a greyish to pink fine ash bed with
small accretionary lapilli, few centimetres thick, cropping out only to the east and to the north
of the volcano (Fig. 1.6). The authors interpreted this as a fallout deposit from the first, short,
explosive and phreatomagmatic phase of the eruption. They considered the presence of
accretionary lapilli and the fine.gr ai ned <character of t his
eruptive column, which dispersed easterly by low local winds, and calculated total volume of
only 7*108 m?*for the deposit.

Bay of Naples

0 KILOMETERS 2
| i il

Fig. 1.6 - Isopach map for the ash fallout layer A-1 (from Sigurdsson et al., 1985). The contour lines are
in millimetres. Each stratigraphic section around the volcano is numbered: 1: Terzigno; 2: Pozzelle; 3:
Boscoreale; 4: Pompei; 5: Oplontis; 6: Herculaneum; 7: Observatory Hill; 8: Cava Montone; 9: Casa
Baroni; 10: Monte del Vente.

Later, Barberi et al. (1989) carried out grain size and component analyses on the pyroclastic

deposits of the AD 79 eruption and a review of the chronicles of the eruption, reinterpreting the
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overall eruptive dynamics. At the base of the AD 79 eruption, they recognized a thin coarse
ash layer of constant thickness, containing accretionary lapilli and directly overlying a well-
developed paleosol. In this layer, lava fragments were observed to predominate lithic fraction
and carbonates are relatively abundant (8 wt.%); the absence of cumulates represents a
remarkable difference with respect to the pisolitic ash of the wet final phase. Barberi et al.
(1989) recognized this ash layer in most proximal sections and ascribed it to the initial fallout

phase of the eruption, related to the explosive opening of the vent.

In 1990 and 1992 Cioni and coworkers provided new detailed tephrostratigraphic,
sedimentological and geochemical data for the AD 79 eruption, studying 20 stratigraphic
sections from the southern and eastern sectors of the volcano. In the eastern sector, they
reported the occurrence of a level of light-grey ash at the base of the sequence, which they
named EUL unit (Table 1). Although the thickness of this level is variable (from 1 to 7 cm), the
presence of scattered accretionary lapilli and rounded pumice lapilli led the authors to consider
this ash level of fallout origin. Locally, the presence of coarser components in lentiform levels
of the intermediate part of the deposit were also observed, and abundant footprints of plant
remains (mostly rustles and leaves) were found in the basal part of the level. The fine grain
size and the cohesive character of the ash allowed the perfect preservation of the plant
footprints, suggesting a phreatomagmatic origin and low temperature emplacement conditions.

Lirer et al. (1993; 1997) used component distribution and geochemical data for the juvenile
fraction to correlate the AD 79 deposits cropping out in 15 stratigraphic sections (Fig. 1.7). In
the Terzigno and Pozzelle sequences, the basal ash layer was observed to display a very
different component distribution, which the authors interpreted as indicating that the two
deposits do not correlate with each other despite being found in the same stratigraphic position.
Both deposits were considered to represent an opening eruptive phase. Their bimodal grain-
size distribution, together with their very limited areal dispersion, suggested a depositional
mechanism not related to a fallout origin. Furthermore, the very high fragmentation of juvenile
fragments, the occurrence of accretionary lapilli and some SEM morphology were interpreted

as an evidence of a slight water-magma interaction.
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Fig. 1.7 1 Location map of the stratigraphic sections investigated by Lirer et al. (1993; 1997) in the peri-
volcanic area (from Lirer et al., 1997).

Recently, all authors that have studied the opening stage of the AD 79 eruption (Cioni et al.,
1999; Gurioli et al., 1999; Luongo et al., 2003a; 2005; Doronzo et al., 2022) have largely agreed
that the eruption started with a short-lived phreatomagmatic phase, producing an accretionary-
lapilli-bearing fallout ash (up to 10 cm thick) with an eastward dispersal. Cioni et al. (1999)
found this ash layer also in some sites on the western slopes of the volcano, associated with
a fine grained pyroclastic current deposit. The exact timing of this opening phase (Sigurdsson
et al., 1985) is not very clear, but it seems likely that it could have triggered the first plea for

help to Pliny the Elder from the inhabitants of the Vesuvian area (Sigurdsson et al., 1985).

1.4.2 The intra -plinian and post -plinian ash deposits: why are their
correlations are so controve rsial?

Pyroclastic density currents are inhomogeneous mixtures of volcanic particles and gas that
flow according to their density relative to the surrounding fluid (generally the atmosphere) and
due to Earth's gravity (e.g. Branney and Kokelaar, 2002). They can originate by fountain-like
collapse of the whole or parts of an eruption column following explosive disintegration of
magma and rock in a volcanic conduit, or from laterally inclined blasts, or even from hot
avalanches derived from lava domes (e.g. Branney and Kokelaar, 2002). They can rapidly
transport large volumes of hot debris for many kilometres across the ground, therefore

representing a lethal and destructive volcanic hazard.
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PDCs can be short-lived (highly unsteady) or relatively long-lived (sustained-unsteady to
guasi-steady) phenomena driven by both magmatic or phreatomagmatic melt fragmentation
(e.g. Cas and Wright, 1987; Carey, 1991; Branney and Kokelaar, 2002). Ground-hugging
PDCs produce a buoyant counterpagmni mEnbwae

(e.g. Fisher, 1966; Dade and Huppert, 1996; Baer et al., 1997; Branney and Kokelaar, 2022)
which can carry ash and aerosols into the stratosphere and thus causing significant climatic
perturbations. Several valuable reviews on PDC behaviour have been published in the last 30
years, with a resulting extensive, complex and sometimes contradictory literature (e.g. Carey,
1991; Druitt, 1998; Freundt and Bursik, 1998; Freundt et al., 2000; Branney and Kokelaar,
2002; Sulpizio and Dellino, 2008, Sulpizio et al., 2014). Furthermore, because most processes
within PDCs cannot be observed directly, they are commonly inferred from the associated
deposits, which vary from stratified to massive. Historically, the recognition of these two
different lithofacies has motivated the development of two end-member models (e.g. Cas and
Wright, 1987; Walker, 1983). Stratified deposits have been proposed to be the product of dilute
suspensions: the so-cal | ed fApyroclastic surgeso, i n

turbulent suspension and in a thin flow-boundary layer. Massive deposits are instead

considered to result from highly concentrated

particle-particle interactions dominate the pyroclasts motion. More recent works (e.g.
Burgissier and Bergantz, 2002; Branney and Kokelaar, 2002; Sulpizio et al., 2007; Sulpizio et
al., 2014) demonstrated how these two categories are just the endmembers of a continuous
spectrum, where the sedimentological characteristics of the deposit mainly depend on the
interplay of particle concentration, shear rate and depositional rate over time and space.

PDC deposits from the AD 79 eruption have been the subject of multiple interpretations, based
on all the models mentioned above. In the early 70s, when the first numerical models and the
first classifications were proposed (McBirney, 1973; Walker, 1973; Blackburn et al., 1976;
Sparks e Wilson, 1976; Wilson 1976; Sparks et al., 1977; Nairn e Self, 1978; Self e Sparks,
1978; Wilson et al., 1978; Wilson et al., 1980) and the first studies on the mechanisms of origin,
transport and deposition of pyroclastic flows were carried out, the AD 79 deposits that were

referred to as mudflows or reworked in previous decades, are reinterpreted as primary (Sparks

ashap

whi

C

and Wal ker , 1973) . Li r er daekicolomed and ro$tl9 #ind-yraindde s c r i |

ashes, overlaying the fallout deposito as associ ated wit lgingptylatewc | ast

phases of the AD 79 eruption, although they did not completely understand the nature of these

deposits, and sometimes they still referredt h e m madflowso .

Considering the different opinions on the stratigraphy and facies of these deposits, the result
is a partly contradictory picture that | will attempt to illustrate below. A critical issue in the

stratigraphic reconstructions is related to how many AD 79 PDC deposits have been
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recognized in the various sites that were investigated and how they have been correlated to

each other.

At Oplonti (Fig. 1.8), Sheridan et al .lowérgoup df)surge beslsdr iameld aa
fuppermost part of the surge sequence made up of massive, fine ash beds full of accretionary

lapillid .Abofie the surge sequence are two pyroclastic flows: the lower one is rich in grey

pumice and lacks stratification, while the upper one has numerous graded laminations,
probably indicating that it is at its distal reaches. Above the pyroclastic flows is a series of wet

surge deposits with planar and massive beds rich in pisolites. The overlying sequence of
sandwave surge deposits is followed by another pyroclastic flow. The remainder of the section

is composed of laharsa
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Fig. 1.8 1 Representative stratigraphic sections for the AD 79 sequence cropping out in the
archaeological excavations of Herculaneum, Oplonti and Pompei. FA refer to air fallout pumice, S to

surge deposits and FL to pyroclastic flow, respectively (Sheridan et al., 1981).

Also in the Herculaneum excavations (Fig. 1.8), t he aut horsandwaeecsuwgesn i z e d
beds at the base of the sequence on which rests a pumice-rich pyroclastic flows containing

fragments of houses, carbonized wood and fumarolic pipes toward the topo .

Sigurdsson et al. (1985) used several surge deposits interstratified with the main pumice fallout
as stratigraphic markers in an attempt of correlating the proximal and distal sequences (Fig.
1.9). The authors correlated these surges deposits although their number, thickness and
structures are different in each studied stratigraphic section, a crucial approach that will
influence all their stratigraphic correlations. In fact, the use of surge deposits as stratigraphic

markers is controversial due to their large facies variability and lateral discontinuity.
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I will not dwell on the detailed description that these authors made for each stratigraphic section

but, for the purpose of this discussion, in Table 2 the main sedimentological and textural

features of each surge deposit are reported.

Surge Deposits Terzigno Pozzelle Boscoreale Pompeii Oplontis Observatory Hill Areal Distribution
The deposit is dark The deposit is The deposit consists of The deposit can be
grey, sandy, lithic sandy with up to distinct lower and upper | sudvided into two units of
rich. The upper part 170 cm of dune- unit. The lower unit is equal thickness, each with The unit is ubiquitous. At
is generally bedded and a relatively massive and a massive lower part and Pozzelle, a pyroclastic
stratified and cross- massive lower flowlike, containing a a cross-bedded upper debris flow deposit is
S-6 bedded while the part. higher proportion of part with long-wavelength most likely
base is often pumice in a brown silty dune structures. The contemporaneous with
massive with to sandy matrix. The deposit is accompanied the surge S-6.
lenses of rounded upper unit is pumice by a pyroclastic flow
pumice and grades poor, cross-bedded, deposit. The total
locally into facies finer grained and thickness varies 2.5 to 3
that resemble a contains dune structure m.
pyroclastic flow of 1.2 to 1.5 wavelenght
deposit. The total and 10 to 30 cm
thickness of S-5 amplitude.
and S-6 varies
from60 to 140 cm.
The deposit is dark The deposits is The deposit is a cross- The deposit is a cross-
grey, sandy, lithic characterized by bedded ash. The bedded ash and lapilli
rich. dunes with thickness varies from 0.5 | with prominent alternating The unit is ubiquitous. At
S5 amplitudes of at to 11 cm. lenses of well-rounded Pozzelle, the deposit
least 35 cm. pumice and sandy ash. could have been eroded.
Where the deposit The deposit is
thickens up to 2 accompanied by a
m, takes on the pyroclastic flow deposit,
appearance of a up to 110 cm thick.
pyroclastic flow.
The deposit is The unit outcrops at
sandy cross- Terzigno, Boscoreale,
sS4 bedded with a Pompei, Oplonti,
lower part relatively Observatory Hill and
rich in rounded Herculaneum. At
pumice whiche Pozzelle, the deposit
grades upward into could have been eroded.
a lithic rich top part.
The thickness
varies from 11 to
30 cm.
The deposit is a The deposit is The deposit is The deposit is a dark
S-3 poorly-sorted, silty | cross-bedded with | massive and very grey massive ash. The unit outcops at
sand ash with caracteristics very thin. Terzigno, Pozzelle,
common rounded similar to those of Boscoreale, Pompei,
grey pumice. The S-2. The thickness Oplonti, Observatory Hill
thickness varies varies from 1.5 to and Herculaneum.
from 1 to 6 cm. The 2m
deposit is massive.
The deposit is a The deposit is The deposit
massive sandy- cross-bedded with consists of two
layer with some well-developed units: a lower,
faint stratification dunes with The deposit is massive, poorly-
and occasional wavelenghts of 10 divided into two sorted, fines- The unit outcrops at
S-2 dune structures. to 15 m. Locally, units, separated depleted unit with Terzigno, Pozzelle,
The deposit is split where itis by alcm well abundant lava and Boscoreale, Oplonti,
into two units by a thickest, the sorted pumice and carbonate lithics up Observatory Hill, along
0.5 thick, sandy, deposit has a lithic fall unit. It is to 25 in diameter the northern sector of
well-sorted lens. massive, poorly- thick up to 8 cm. and an upper, Vesuvius and at
The thickness sorted. Central poorly-sorted, Herculaneum.
varies from 7 to 24 unit that pumice-rich, fine-
cm. resembles a grained, cross-

Table 2 i Summary table with the main sedimentological and textural features and areal distribution of
each surge deposit recognized by Sigurdsson et al. (1985).

Inside the Herculaneum excavations the AD 79 sequence consists of alternating surge and
flow deposits (Fig. 1.10). The surge deposits are generally poorly sorted and poorly
consolidated, silty, with massive lower and cross-bedded upper parts (surge S-1), faintly
stratified stratification (surge S-2) or cross-bedded with long wavelength (surges S-3, S-4, S-
5, S-6). On the other hand, the flow deposits are usually thick, massive (flow F-1) and

consolidated, enriched in pumice (flow F-2, F-4, F-5) or lithic clasts (flow F-3).
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Fig. 1.10 i Stratigraphy of the AD 79 deposits at the Herculaneum beach where the sequence thicks
up to 23 m (from Sigurdsson et al., 1985). Roman sea level was at 1 m. Note the alternating surge (S-1
to S-6) and flow deposits (F1 to F-6) that compose the sequence.

Sigurdsson et al. (1985) correlated six surge deposits in all studied stratigraphic sections and
reconstructed their areal distribution (Fig. 1.11a) and total thickness (Fig. 1.11b) for the first
time. They proposed that the shift from fallout to surge and flow activity resulted from an
increasing mass eruption rate and from the tapping of a relatively volatile-depleted portion of

magma, resulting in small collapses of the eruptive column.

According to their model, the first surge S-1 spread over the south and west flank of the
Vesuvius, reaching Villa Regina at Boscoreale, Oplonti and all the western coast up to
Herculaneum. Small tongues of this surge extended down the valley above Somma Vesuviana
and Ottaviano on the northern and north-eastern flank, respectively. The second surge S-2
was three times larger than the first and spread to the north within 7 km from the crater, and
to the south, destroying the villae rusticae at Terzigno, but did not reach Pompei. On the west
flank, the surge S-2 reached Herculaneum where it was followed by the flow F-2. The third
surge S-3 had a similar distribution to the surge S-2 but it extended even farther south, running
up against the northern city wall of Pompei but not entering the city. The surge S-3 was followed
by a pyroclastic flow in the northwest, flowing directly over the remains of Herculaneum. The
following surge S-4 had a similar pattern to the previous surges but it spread farther south,
reaching the city of Pompei. The fifth surge S-5, even larger than the S-4, was accompanied
by a pyroclastic flow in many areas to the south, such as Oplonti. Finally, the sixth surge

represents the largest surge over the south flank of Vesuvius, up to Stabiae. Sigurdsson et al.

(1985)est i mated a fADense Rock Edonallthapy®aiastio sufgedRE )

and reported that an area of 300 km? around the Vesuvius was totally devastated by them.
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Fig. 1.11 - The six surges from the AD 79 Vesuvius eruption as reconstructed by Sigurdsson et al.
(1985). a) Areal distribution around the volcano. b) The thickness of the total surge deposits (in meters)
with isopaches. The red areas represent the distribution of the pyroclastic flows. Note how the surge S-
6 is the largest event with the major areal distribution around the Vesuvius.

Arno et al. (1987) studied the stratigraphy of AD 79 eruption in 7 sections around the volcano
(Fig. 1.12), and described the pyroclastic sequence as composed by pumice fallout, pumice
flow, ash flow, pyroclastic surge and mud deposits. They focused on the main aspects of the
surge sequence and they highlighted t h ahe thiikest surge deposits (up to 3 m or thicker)
outcrop only in the southern sectors of the volcano, extending up to more than 10 km from the
vent. To the north of the caldera, these deposits are thinner and practically absent from a
distance of 6 to 7 km from the caldera rimo . They were also the fi

-

distribution of the surge deposits is significantly affected by the volcano morphology.

Furthermore, the authors provided a detailed description of the AD 79 pyroclastic flow deposits

cropping out at the Pollena quarry, on the northern slopes of Vesuvius, where the sequence

c o n s i satbasal pumicefiflow and an overlying ash flow sequence composed of four flow

units. They descri bed depositofpaumdédpuemicé lapdlivand dasger Athici

blocks supported by an ashy matrix while the four flow units are lighter in tone and are nearly

100% ash. These are separated by surge horizons that pinch and swell, ubiquitously showing

dune structureso . The authors also recognised numerous

deposits at Pollena quarry (Fig. 1.13).
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Fig. 1.12 T Representative stratigraphic sections for the AD 79 eruption, with their location on map, as
reported by Arno et al. (1987). 1= white pumice fallout deposits; 2= is for grey pumice fallout deposits
3= cross-bedded surge deposits; 4= massive ash with accretionary lapilli; 5=planar surge beds; 6=
pumice flow deposits; 7=ash flow deposits; 8=mudflow deposits.

Finally, in attempt to correlate the Pollena flow sequence with the AD 79 stratigraphy observed
along the other flanks of Vesuvius, Arno et al. (1987) were also the first to discuss about the

Somma cal dera. They proposed thenSanhmadalderawagnot h e

an absolute barrier for pyroclastic flows, but it concentrated collapsed clouds and directed their
flowage outward along the opposing borders towards either Herculaneum or Oplontio .
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Hercul aneum, t he aunulflowdepasitsd | henuppter paot @frihie AR 79
sequence and, in agreement with the previous model by Sheridan et al. (1981), they interpreted

these deposits as resulting from the final wet stages of the eruption.
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Fig. 1.13 i Lateral variations of the AD 79 pyroclastic flow deposits at the Pollena quarry, cropping out
along a radial NW-SE section about 800 m long (from Arno et al., 1987). 1= pumice fallout deposit; 2=
pumice flow deposit; 3= ash flow deposit; 4= mud-flow deposit; 5= cross-bedded surge deposit; 6=
massive ash deposit; 7= planar surge beds. Note that the section A, the nearest to the vent, shows the
thickest pumice flow deposit. At section D, the pumice flow has developed lenses of well sorted pumice
swarms and lithic and pumice stringers.
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Barberi et al. (1989) carried out detailed grain size and component analyses on the AD 79
pyroclastic sequence cropping out at Pozzelle (Fig. 1.14) and re-examined the chronicles of
the eruption, focusing on the onset and the crucial role of the phreatomagmatic activity (see

paragraph 1.4.4).
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Fig. 1.14 7 The AD 79 sequence cropping out at the Pozzelle quarry according to Barberi et al. (1989).
From left to right, the diagrams show: the component distribution in each size class; the grain size
distribution; the composition of the total sample. 1=juvenile clasts (j); 2=lavas (I); 3=limestones (Im);
4=marbles (m); 5=metasomatic and cumulitic rocks (cu); 6=pisolites (p).
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In the AD 79 phreatomagmatic deposits, Cioni et al (1992) identified two stratigraphic markers
that matchthe EU4andthe EU7u ni t ( F iwigh.somk petulidr ybiguitarian features that

made them a guide | evel in the stratigraphic se¢
The features that the authors recognized as peculiar and ubiquitarian are:

1 General sequence formed by a coarse lithic-enriched grain supported basal layer,
followed by a thick, generally cross-bedded coarse ash and lapilli bed, topped by
pisolitic ash deposits.

A regular fining-upward trend.
Strong enrichment in fragments of deep-seated rocks (limestones, marbles and
cumulates) in the three layers.

1 Frequent occurrence of gradual transition between the layers.

The EU4 is characterized by a basal bed (EU4a/EU4bl) with grey pumice clasts and lithic
fragments made up of lavas, marbles and limestones, generally lacking in ashy matrix, massive

or normally graded. Cioni et al (1992) proposed a pyroclastic flow origin for this layer but, after

few years Cioni et al. (1999) revised what previously proposed, relating the basal layer (that
corresponds to the A-5 level of Sigurdsson et al., 1985, see Table 1) of the EU4 to a fallout

origin. The middle bed of the EU4 (EU4pf/[EU4Db) is represented by a cross-laminated coarse

ash and lapilli bed with lenses of grey and white pumice clasts. Well-developed dunes up to 5-

10 m in wavelengths are also observed in this bed, which correlates with the S-6 level of
Sigurdsson et al. (1985). The upper part of the EU4 (EUA4c) is represented by pisolitic, massive

or faintly laminated fine ash and corresponds to the first accretionary lapilli bearing bed C-1 of
Sigurdsson et al. (1985) . eBidentshhrp marease méhe lithec o g ni
fragment s a®ianined al.n(t982) suggested that this eruptive unit records the
transition from magmatic to phreat omaegaomairtgi ¢ ac

phaseodo of the eruption.

The EU7 is considered as a second guide level, formed by a set of three strata consisting of:
1) a basal lapilli enriched layer with abundant lithic fragments of marbles and cumulates,
followed by 2) a middle deposit of dune-bedded or massive fine ash, capped by 3) an upper
pisolitic ash layer. The lower thickness and the more limited distribution of this unit was
considered to suggest a minor energy of the turbulent pyroclastic flow with respect to that of
the EU4 b unit.
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Fig. 1.15 7 The AD 79 stratigraphic sections studied by Cioni et al. (1992), with their location reported in the inset at the upper right, where the southern, north-
eastern and south-eastern sectors around the volcano are highlighted using different stippled patterns. In each stratigraphic section, the eruptive unit (whose

thickness is reported on the left) is referred to a deposit emplaced by a single pulse or in a phase characterized by well-defined eruptive mechanisms and comprising
one or more beds.
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An important turning point on the discussion about the AD 79 flow deposit sequence, came in
the early 1990s, when new approaches, descriptive schemes and conceptual models for
enhancing the understanding of the physical behaviour of PDCs were developed (e.g., Carey,
1991; Branney and Kokelaar, 1992; Druitt, 1998; Freundt and Bursik, 1998).

In light of these novelties, Gurioli (1999) and Gurioli et al. (1999; 2005; 2007) proposed a
detailed stratigraphic and sedimentological study of the lateral and vertical facies variations
recognised in the EU3pf and EU4b/c units, the main AD 79 PDC deposits whose distribution
has been traced over a large area around the volcano.

The EU3pf (Gurioli et al., 1999) includes several ash flow deposits sandwiched between the
grey fallout deposit at the base (EU3f) and the phreatomagmatic EU4 at the top, recording the
total collapse of the AD 79 Plinian column and the generation of a powerful, radially moving
pyroclastic current. Over the past years, some authors (e.g. Gurioli et al., 1999; Cioni et al.,
2004; 2020; Shea et al., 2011; Doronzo et al., 2022) have referred to this unit using different

acronyms. These are summarised in the schematic Table 3.

Gurioli et al. (1999) Cioni etal. (2004) Gurioli et al (2007) Sheaetal. (2011) Doronzoetal.
Cioni et al. (2020) (2022)
Acronym EU3pf: «inlcudes Acronym EU3pfi: Acronym EU3pf: Acronym Acronym EU3pf:

several ash flow deposits wsome PDCs generated by the «a sequence of at least 3 | EU3pfi/EU3pfii/EU3pf matches the

sandwicheed beetween
the grey fallout deposit

discontinous collapse of marginal
portions of the convective column

subunits. Subunit 1 was
emplaced from the initial

iii: matches the
EU3pfi unit of Cioni et

EU3pfi unit of

Cioni etl. (2004).

(EU3f unit) and the during the Plinian phase». collapse of the column. al. (2004) Acronym
phreatomagmatic EU4 unit Acronym EU3pf: Emplacement of the Acronym EU3pftot: EU3pftot:
at the top, recording the «radially dispersed PDC generated | subunit [l occured during matches the EU3pf matches the
total collapse of the AD 79 by the total column collpase» the peak of the column unit of Cioni et al. EU3pf unit of
Plinian eruption and the Acronym EU3pfL: fountaining activity. (2004) Cioni et al.
generation of a powerful, | «The magmatic phase stopped with | Subunit Il wasemplaced Acronym EU3pfL: (2004)

radially moving pyroclastic
current».

the emplacement of lithic rich
deposits toward the N and the NW
during collapse of the shallow
magma reservoirs.

during the final, least
energetic phase of the
column collapse”.

matches the EU3pfL
unit of Cioni et al.
(2004)

Table 3 1 The table schematically shows the different nomenclature used by different authors to refer
to several sub-units of the same, generic EU3pf unit of Gurioli et al. (1999).
Gurioli et al. (1999) assumed that the AD 79 sequence can be correlated all around the

Vesuvius and appl ifaeiab varigiansoc amggeditiosal sedimertationo

the deposits of the EU3pf unit for the first time, highlighting their complex vertical and lateral
facies variability. Even if such lithofacies approach represented a pioneering work at that time,
it remains controversial the method used by the authors for identifying the stratigraphic markers
EU4 and EU7, especially on the northern (Fig. 1.16) and western slopes of the Vesuvius, where

the main fallout deposits are totally missing.
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Fig. 1.16 i Schematic stratigraphy of the AD 79 deposits cropping out in the southern and northern
sectors of the volcano (Cioni et al.,, 2004). Worth of note are the absence of any fallout layer in the
northern sector and the correlations that the authors propose.

Gurioli et al. (1999) described the deposits of the EU3pf as about 1 m thick, radially dispersed

up to 10 km from the vent area, and moderately controlled by local topography, resulting in a

large vertical and lateral facies variability (Fig. 1.17), probably related to local variations in

turbulence, concentration and stratification of the current.
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Fig. 1.17 1 Distribution of the main facies observed by Gurioli et al. (1999) in the EU3pf unit around the
Somma Vesuvius. The letter L indicates an abundance of lapilli between 25% and 75%, whereas the
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letter C indicates an abundance of lapilli < 25%. The number 1 is for a massive facies; the number 2 for
a graded density facies; the number 3 for a plane parallel to cross stratified facies; the number 4 for a
regressive cross stratified facies; the number 5 for a stratified facies alternating fine and coarse beds;
the number 6 for facies depleted in fine ash.

They estimated that the median clast size decreases gradually from proximal to distal locations

and suggested that the coarsest deposits, generally occurring as breccia lenses in the EU3pf

sequence, are located within paleodepressions.

Based on the reconstruction of the EU3pf facies variations over a regional scale, the authors

proposed a model (Fig. 1.18) for the areal distribution (Fig. 1.19) and the behaviour of the intra-

plinian pyroclastic currents that point out the following:

(1) In the southern part of the Somma Vesuvius area, the relatively smooth

2

3

“4)

paleotopography controlled the overall deposition of this unit only at the local scale.

In the eastern sector, the interaction of the current with the ridge representing the
remnants of the old Mount Somma caldera possibly triggered a general increase of the
current turbulence and velocity, and a more efficient air ingestion which resulted in the
local deposition of a thinly stratified sequence.

In the western sector, the presence of a breach in the caldera wall and of an important
break in slope in the area of Piano delle Ginestre possibly increased deposition from
the PDC, producing a large, several meters thick depositional fan toward the sea facing
sectors (as in Herculaneum).

In the northern sector, the deeply eroded paleotopography with many valleys cut on
steep slopes, favoured the development of a fast moving, dense basal underflow within
the current. This allowed the segregation of the coarse, lithic material, the deposition
of thick lobes in the main valleys and the separation of a slower and more dilute portion
travelling and depositing thin, stratified beds on morphological ridges.

Corrente warbolenta Corrente turbolenta con
appradazionale, stratificata formazione dell'underflow basale
h | densily h density
' | twrbulence / wrbulence
| ."'I
I.'l.\ _)”
Tl Ty
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Fig. 1.181 The pioneering model proposed by Gurioli et al. (1999) for explaining the facies variations of
the EU3pf unit a) in the southern sector of Somma Vesuvius and b) in the northern sector of Somma
Vesuvius. For each model, the authors report a profile of density and concentration for the current
emplacing the EU3pf unit.

s
S

k-
PrispinFilla B

Fig. 1.19 i Dispersal areas of the AD 79 PDC deposits as reconstructed by Gurioli et al. (1999; 2010).
The inset shows the Gulf of Napoli and the location from which Pliny the Younger observed the eruption.
The isopachs indicate the total thickness of the PDC deposits.

In order to complete the discussion regarding the EU3pf unit, an additional noteworthy
contribution was provided by the paper of the Shea et al. (2011). These authors focused on
the six major PDCs generated during the magmatic phase of the eruption [designated for
simplicity as P1 to P6 and corresponding to the EU2/3pf and the entire EU3pf of Cioni et al.
(2004), Fig. 1.20a], exploring new insights into the eruptive dynamics of the AD 79 partial and
total collapsing column. By measuring the density of 100 juvenile clasts (Fig. 1.20b) and wall-
rock abundances for several fallout and magmatic PDC units and estimating some ascent
parameters (such as decompression rate and the conduit radius), the authors concluded that:

1) Atleast four partial collapses (P1 to P4) resulted from increasing abundance of denser
pumice.

2) In contrast, the total collapse (P5) probably occurred in response to an increase in the
wall-rock content injected into the eruptive plume during a progressive widening of the
conduit.

3) The last small-scale collapse of the magmatic phase (P6) occurred when the
discharge rate was low but the extremely high clast densities combined with the
enlarged conduit led to the formation of a boil-over collapse.
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Fig. 1.20 7 A) Simplified stratigraphy of the magmatic phase of the AD 79 eruption with eruption timeline
according to Shea et al. (2011). Note that the authors use the stratigraphic scheme of Cioni et al. (2004)
but designate the six PDCs investigated as P1 to P6 for simplicity. B) Vertical variations in density for
the deposits of the magmatic phase of the AD 79 eruption (from Shea et al., 2011) displayed as intervals
of low, medium and high-density pumice. Note the abrupt increase in the density of the pumice clasts in
correspondence of PDC units.

In addition to the detailed reconstruction of the EU3pf unit reported above, Gurioli (1999)
studied also the EU4 (Table 4) by integrating facies analysis with sedimentological data, which

were also the subject of further investigations by the same research group (Gurioli et al., 2005;
2007).

Facies

Regional scale

Local scale

Interpretation

Avreal d istribution

The main deposit of the EU4 unit (EU4pf unit)
shows clear vertical grain size and textural
variations. It is often laminated in the upper

part and characterized by undulatory bedded

to dune bedded deposits, with a thickness of
about 4 m in the proximal part of Vesuvius,
changing into deposit with massive to
laminated facies at about 6-7 km from the vent
and with a massive accretionary lapilli bearing
facies in the distal part of the volcano. In some
localities, the deposits are lithic rich (lavas,
marbles, limestones, skarns and cumulites)
and consist of pumice and lithic lapilli in a fine
to coarse ash matrix, in which there are
outsized lava and dense pumice ballistics with
dimensions up to a few decimeters. The
occurrence of fAtract
extended erosion of the pumice-bearing layer
of the underlying EU4a is evidence of the high
shear rate exerted by the EU4pf.

Both inside and outside Pompeii, this unit is
characterized by a great thickness variability
and a large facies variations. The most common
vertical lithofacies association varies from a
basal massive ash containing rounded-pumice
lapilli (and locally decimeter-sized lithic clasts
and building fragments) through a crudely to
diffuse stratified ash containing rounded pumice
lapilli to a planar to undulated to low angle,
cross stratified fine ash at the top. The thickness
decreases from the north to the south of the
town and is strongly affected by the urban
structure. In the Herculaneum excavations, the
unit is characterized by two main beds. The
lower, reversely graded bed, is discontinous with
a maximum thickness of 0.1 m and generally
lacks fine ash and locally shows multiple reverse
grading. The upper bed shows a lateral
transition from coarse-tail density-graded facies
to massive to crudely stratified facies and has
constant thickness of 0.2-0.3 m.

The EU4pf unit can be
interpreted as derived from a
short-lived sustained,
turbulent, unsteady, density
stratified current. Inside the
archaeological sites of
Pompeii and Herculaneum,
the EU4pf lower current
seems to have been 2-4 m
thick, being able to interact
with obstacles of a few
meters in height while, the
dilute upper part of the
current has been able to flow
over the towns.

The EU4pf unit is distributed
radially from the vent and
reaches a distance of about
21 km in the southern part of
the volcano while, in the
norther sector, where the
initial path of the PDC was
possibly shielded by the high
Mt. Somma scarp, the current
travels not farther than 7-8
km.

Table 4 T Summary table of the main sedimentological features (at both the regional and local scale),
with their interpretation and areal distribution, of the EU4 unit, distinguished into the EU4pf main deposit
and the overlying EU4c unit (Gurioli, 2000; Gurioli et al., 2005; 2007; Cioni et al., 2020).
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The unit marks the reappraisal of the eruption after the end of the Plinian phase and is related
to the onset of the caldera collapse (Cioni et al., 1999). Gurioli (1999) argued that the EU4
includes a second falloutbed (AEU4a20¢), interstratified
can be clearly recognized only in distal sections of the southern sector of the volcano, while in
the northern and in the western ones it is represented by a discontinuous level of ballistic

ejecta.

More recently, Cioni et al. (2020) have proposed that the EU4pf represents the widest
distributed pyroclastic current in the entire sequence of the AD 79 eruption, covering a radial
area around Vesuvius of at least 445 km? on land (Fig. 1.21). The PDCs from which the unit
was deposited are thought to be among the ones with the greatest runout for the Somma-
Vesuvius (20 km; Gurioli et al., 2010). The main sedimentological features of the EU4pf
observed by various authors are summarised in Table 4, together with the proposed

interpretations and areal distributions.
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Fig. 1.21 7 Maximum runout line and isopaches (in metres) related to the EU4pf unit according to Cioni
et al. (2020), based on a statistical box model approach.

Gurioli et al. (2002) reported a detailed description of the AD 79 stratigraphic sequence at

Herculaneum excavations and, despite the cross-wind position of the town with respect to the

di spersal of the Plinian tfwad | diugc odretpionsu a uss,
a n dsom@ distinctive stratigraphic markers(EU2pf, EU4 and EU8 units)o ,  wadllowedthe

authors to insert these layers in the framework of the stratigraphic scheme proposed by Cioni

et al. (1992).
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Gurioli et al. (2002) used the result of their lithofacies study (Fig. 1.22) to show how even small
local irregularities of the substratum in an urban structure (e.g. buildings and steps), can affect
the behaviour of the pyroclastic currents, enhancing turbulence and allowing rapid transition

from non-turbulent to turbulent transport within the flow.

Key Facies Occurrence

MCS | Massive to crudely | EU2/3pf

stratified EU3pfl
i
EU4

CTGr Coarse-tail EU3pfl
AT density EU3pi2
graded Unit A
Unit B
Unit D

PPCB | Plane-parllel to EU2/3pf
- low-angle EUS
o] e obis
e

RGr Reversely graded EU3pl2
o EU4
Unit A

FP Fines-por EU2/3pf
EU3pf2

| SCF |Stratifiedaltemating | EU2/3pf

coarse and fine Unit B
grained layers
Accretionary EUS
lapilli-bearing

Fig. 1.22 7 Schematic diagram and representative field photographs summarizing the main features of
the 7 different facies recognized in the pyroclastic deposits of Herculaneum by Gurioli et al. (2002). Each
eruptive unit is characterized by a distinctive facies.

Over the past 20 years, Gurioli, Cioni and coworkers (Cioni et al., 1995; Cioni et al., 1996;
Cioni et al., 1999; Gurioli et al., 1999; Cioni et al., 2000; Gurioli et al., 2002; Cioni et al., 2004;
Gurioli et al., 2005a; Gurioli et al., 2005b; Gurioli et al., 2007; Zanella et al., 2007; Gurioli et
al., 2010; Shea et al., 2011; Aravena et al., 2019; Cioni et al., 2020, Tadini et al., 2020), have
further integrated the stratigraphic database of Cioni et al. (1990; 1992) with data from new
outcrops. These allowed several aspects of the eruption to be investigated, such as: a) the
temperature of the AD 79 PDCs and their impact dynamics on the human settlements of
Pompei and Herculaneum; b) the morphological features and the variations in crystallinity and
vesicularity of the juvenile pyroclasts; c) the lithic component of the PDC deposits; d) the areal
distribution of the most energetic EU3pf and EU4b/c units, which were modelized by using a
statistical box-model approach.
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Lirer et al. (1993; 1997) proposed a multivariate statistical analysis to correlate the AD 79
sequence outcropping in several sites in the peri-volcanic area (Fig. 1.7). They recognized 4
main marker layers among the fallout, the stratified surge and the pyroclastic flow deposits and
their correlations only partly match the stratigraphic correlations proposed by Sigurdsson et al.
(1985) and Cioni et. (1990; 1992).

Luongo et al. (2003a, 2003b), proposed a new stratigraphy for the AD 79 eruption, based on
seven sections located close to the city walls of the Pompei excavations and inside the city,
using a new descriptive nomenclature. At the base of the PDC succession the authors
identified some very thin massive ash layers (unit C) with rare, rounded, fine pumice lapilli.
Upwards in the sequence, above a well sorted fallout layer rich in lithic clasts (unit D ), a matrix-
supported, stratified bed rich in rounded pumice lapilli in the basal part (unit E1) and with
numerous sedimentary structures (such as dunes and cross stratification, unit E2) towards the
top, is observed. The uppermost part of the sequence comprises a succession of plane parallel
ash layers with abundant accretionary lapilli (unit F, H and L), separated by three, very thin,
lithic rich fallout layers (unit G1, G3 and I).

Scarpati et al. (2020) observed a lower poorly sorted, ash layer (unit C1), up to 1.5 cm thick, 5
cm below the top of the grey pumice fallout deposit and reported a detailed description of the
upper part of the sequence, documenting for the first time the occurrence of some layers that
they named from M to T (Fig. 1.23). The authors recognized the presence of erosive scars and
gullies (R1 and R2 unit, Fig. 1.23), filled by lenses of reworked material, at the base of the layer
D for the R1 and at the base of the unit E for R2. The first erosive episode R1 occurred before
the short recovery of the fallout phase that emplaced layer D, close to the outer side of the
northern walls of the city. The second erosive episode R2, more widespread and intense,
occurred before the PDC phase that emplaced layer E. The recognition of such erosive
episodes is considered to testify for volcanic hiatuses during the AD 79 eruption.
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Fig. 1.23 i Composite stratigraphic section of the AD 79 deposits, according to Scarpati et al. (2020).
For each unit the mechanism of emplacement is shown on the left: by fallout (in red) and by PDC (in
blue). Note the presence of two erosive surfaces filled by reworked material composed of white and
grey pumice clasts with a variable abundance of lithic clasts and shells of gastropods, under the fallout
layer D (R1) and the PDC layer E (R2). New levels reported in the stratigraphy of the AD 79 eruption by
Scarpati et al. (2020) are in italics.

1.4.3 The post -Plinian accretionary lapilli bearing layers: fallout or
pyroclastic density current deposits?

Although an overall consensus exists about the AD 79 eruptive dynamics (Sigurdsson et al.,
1985; Cioni et al., 1990; 1992; 1999; 2004; Luongo et al., 2003a; Gurioli et al., 2007; Scandone
etal., 2019; Doronzo et al., 2022), whether the post-Plinian accretionary lapilli bearing deposits
(C1 - Sigurdsson et al., 1985; EU4c and EU8 1 Cioni et al., 1992; 2004; Fto T Luongo et al.,
2003a; 2003b) were emplaced by fallout or PDCs, is still controversial. All these deposits have
been found in several proximal sites around the Vesuvius, up to distal sites about 15 km away
from the vent. The main interpretations proposed for these deposits are summarised in Table
5.
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Authors Nomenclature Description Fallout/Pyroclastic density
current
Dark grey ash with common The deposit represents the transition
C1 accretionary lapilli. In all the to the phreatomagmatic phase of the
studied sections, the thickness is eruption and it is associated with a
relatively uniform. fallout emplacement.
Sigurdsson et al.
(1985)
The uppermost layers of the AD
Accretionary lapilli | 79 sequence are undifferentiated These layers can be interpreted as
layers dark gray, silty-sandy and pumice- related to small phreatic and
free beds, characterized by phreatomagmatic explosions which
abundant accretionary lapilli with lasted for days or weeks and
cross-bedding and dune generated ash fall and wet surges up
structures. The thickness varies to 10 km away from the Vesuvius.
from a minimum value 0f 60 cm at
Pompeii to a maximum value of
200 cm at Oplontis.
The deposit is a product of the
The unit is massive to faintly- convective co-ignimbritic plume
EU4c laminated, poorly-sorted, dispersed from the prevailing winds
accretionary lapilli bearing and in a south-eastern direction, mainly
matrix-supported ash layer with an derived by ash elutration from the
L uniform thickness (up to 20 cm). current depositing the EU4pf unit.
Cioni et al. (1990;
1992; 2004)
Gurioli et al. The unit consists of a thick
(2007) sequence of stratified,
phreatomagmatic ash beds, In the southern sector, the unit has
EU8 strongly enriched in accretionary been interpreted as deposited from
lapilli and always characterized by | low concentration, turbulent currents
the presence of wet textural in which the accretionary lapilli
features. This unit occurs with bearing layers were derived from
variable thicknesses all around the settling of particles from the trailing
Vesuvius, and, following the ash clouds. In the northern and
topography in the northern and western sector, the correlated EUSL
western sectors, the deposit is unit has been interpreted as
lithic rich (EU8L) with fresh lava emplaced from topographically
fragments and slightly lithified controlled, not turbulent, low
while in the southern part of the velocityand lithic rich pyroclastic
volcano, it shows more evidently currents.
ash and flow alternation.
The third and last phase of the
Lirer et al. (1993; = - eruption, pyroclastic flows and
1997) surges, associated with
phreatomagmatic activity, were the
main lithotypes. These products
accumalted in the whole perivolcanic
area with an elliptical distribution.
F unit Massive to well-stratified fine- The unit has been interpreted as
grained ash layer with accretionary | emplaced directly from a pyroclastic
Luongo et al. lapilli current.
(2003)
Scarpati et al. The L to T units form the upper
(2020) part of the exposed AD 79 The deposits have been interpreted
L to T units sequence at Pompeii, consisting of | as emplaced from phreatomagmatic
alternating massive and well- PDCs of the final post-Plinian stage
stratified, poorly-sorted ash of the eruption.
deposits, some of which with
diffuse accretionary lapilli and

Table 5 7 Summary of the sedimentological descriptions and proposed interpretations for the first post-
Plinian accretionary lapilli bearing deposit and the very final post-Plinian deposits of the AD 79 eruption.
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The areal distribution about the very final post-Plinian deposits (Fig. 1.24) was reconstructed
only by Sigurdsson et al. (1985). The authors estimated a volume of 0.16 km® DRE for this last

phase of the eruption.

Herculaneum-—"

Bay of Naples

U KILCIMETERS

Fig. 1.24 i Areal distribution and thickness (in centimetres) of the accretionary lapilli beds (fallout and
surge deposits) of the AD 79 eruption cropping out around the volcano (following Sigurdsson et al.,
1985). Note that their thickness and distribution is limited compared to that of the surge deposits.

1.4.4 The role of the phreatomagmatic activity during the course of the
eruption
Although there is general agreement that the AD 79 eruption was characterized by
phreatomagmatic phases (e.g. Sheridan et al., 1981; Sigurdsson et al., 1985; Cioni et al., 1992;
Lirer et al., 1993; Luongo et al., 2003a; Scarpati et al., 2020; Doronzo et al., 2022), the moment
at which the transition from magmatic to phreatomagmatic activity occurred and the role of
phreatomagmatism during the course of the eruption are still matter of debate.

Sheridan et al . ( hydr8niagmatid explosions@ uia$ hed n &t ed wi t
magmatic activity, which dominated the late stage of the eruption. As a support to this
interpretation, they reportthe o b s e r vasharpdnoreasefin thie proportions of deep lithic

inclusion type fragments such as high-grade contact metamorphic, skarns and cognate

plutonic nodesd . Theref ore, the authors place the begi
during the grey pumi dhe erfipgoh becomes dipcondirmiais, withlare n A
increased explosivity which widens the vent conduit system above the magmatic chamber as

result of vaporization of a small ratio of external water to magma in the chamber during the

pumice fallouto . Subsequentl vy, t hiideomagneaticd v iotry clheaa aamd e i
fphreatic explosionso r es ul t iabugdant souwce of svater dvailable to the chamber

when the vent pressing drops below that of hydrostatic head (-300-500 bar)o The authors

interpreted the occurrence of surges of fine-grained ashes, widespread phreato-plinian layers,
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vesiculated tuffs and phreatic breccias, as a clear evidence of this kind of activity. Furthermore,
the occurrence of simultaneous small pyroclastic flows at this stage of the eruption is related
to a contemporaneous hydromagmatic and magmatic activity, with marginal hydromagmatic
explosions (rather than column collapse) explaining the fine fragmentation typical of the last

pyroclastic flows.

Sigurdsson and co-workers (Sigurdsson et al., 1982; 1985; Carey and Sigurdsson, 1987),
proposed that interaction between external water and magma had occurred in the very initial
phase of the eruption (with the emplacement of the basal ash fallout layer A-1) and in the last
phase of the eruption (with the emplacement of a sequence of fine ash beds characterized by
abundant accretionary lapilli). The generation of widespread surges and pyroclastic flows,
together with an increase in lithic fragments during the final stages of the eruption, was instead
interpreted as related to the column collapse due to the concomitant effect of decreasing mass
discharge rate and volatile content and increasing vent diameter. Therefore, following this
interpretation, the phreatomagmatic phase is confined to the very final stages of the eruption,
as testified by the presence of accretionary lapilli. Lirer et al. (1993; 1997), Luongo et al. (2003°;
2003b) and Scarpati et al. (2020) are in agreement with this model.

Barberi et al. (1989) considered the presence of fine ash and the occurrence of deep lithic

f r a g me nunequivacal evidenced f or supporting a phreatomag

deposits. The component analyses they used to support their model are restricted to the

Pozzelle site (Fig. 1.14), whi ch was assumedsd¢otirempd.esent

The authors recognized some features indicative of a magmatic origin in the pyroclastic
sequence up to the VS 84-33 pumice flow deposit [corresponding to the S-4 surge deposit of
Sigurdsson et al. (1985)], clearly deviating from the grain size and component pattern of the
upper VS 87-1 surge bed [S-5 of Sigurdsson et al. (1985)]. Therefore, they considered the
phreatomagmatic phase to have started with the generation of the VS 84-34 coarse fallout bed
[A-6 layer of Sigurdsson et al. (1985)], considering the increasing abundance of lithic clasts of
deep provenance (mainly skarn, cumulites and marbles) as an evidence for magma/water
interaction. Therefore, Barberietal . (19 8 9) transiticoghphased & eft we e n
and phreatomagmatic phase, occurring in a stage of the eruption that is between those
suggested by Sheridan et al. (1981) and by Sigurdsson et al. (1985).

In the following years, numerous authors, such as Cioni et al. (1990; 1992; 1996; 1999; 2000;
2004; 2020) and Gurioli et al. (1999; 2005; 2007; 2010), have largely relied on the model
proposed by Barberi e t the shhatp in€relage 8o the. abulmdares of

fragments of deep provenance such as marbles, limestones and cumulatesd  alistincfive and
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diagnosticelementsd f or recogni zing stratigraphic marker
(Fig. 1.25).
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Fig. 1.25 1 Stratigraphic sketch for the AD 79 deposits cropping out along the Parete a Mare walls inside
the archaeological excavations of Herculaneum as reconstructed by Gurioli et al. (2002). The main
eruptive units are indicated by different ornamentation. For each eruptive unit, component data are
shown on the left with J/L being the ratio between juvenile (in white) and wall rock lithic fragments (in
black), and S/D the ratio between shallow seated wall rock (in dark grey) and deep-seated wall rock (in
white) lithic fragments.

1.4.5 Timing of the caldera collapse and its influence on magma -water
interaction

Sheridan et al . (19 8 Xupturd of thes metamarphig encasamento t hatd a
occurred during the AD 79 eruption, but only a few years later Sigurdsson et al. (1985) ascribed
a very thick (up to 8 m) matrix and poorly-supported deposit with abundant lava and carbonate
blocks to a caldera collapse.

Cioni et al. (1990; 1992; 1999; 2004) interpreted the strong enrichment in deep lithic
components (e.g. skarns and marbles from the thermometamorphic and metasomatic aureole
around the magma chamber, and cumulates) as an evidence for the onset of the caldera
collapse. They ascribed the EU4b unit (Fig. 1.26) to the climatic phase of the eruption,
characterised by a first destabilization of the magma chamber, the onset of the caldera
collapse, the interaction of the magma with external water, and the full collapse of the eruption
column. According to their reconstruction, the EU5 unit, consisting of lithic rich (up to 40-50
wt.% of lithic fragments), massive to dune-bedded pyroclastic currents deposits, cropping out
only on the slopes and in the main valley of Vesuvius and being completely absent in the
southern medial areas, records a further destabilization of the magma chamber (Fig. 1.26).
The EUG6 unit, which mainly fills topographic lows in the south-eastern part of the volcano up
to 6 km from the vent, instead records the climax of the caldera collapse and the final collapse

of the roof of the magma chamber (Fig.1.26).
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Fig. 1.26 T a) Generalized composite stratigraphic section of the AD 79 pyroclastic deposits (from Cioni
et al., 1999). b) Grain size and component analyses of breccia deposits from A and B sections. c)
Isopach map of the AD 79 pyroclastic flow deposits and inferred caldera rim.
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1.5 Geochemical and petrological variations in the eruptive sequence of
the AD 79 eruption

The magma chamber and the pre-eruptive conditions of the AD 79 eruption have been studied
by integrated petrological and stratigraphic investigations. In this paragraph, dedicated to the
geochemistry of the AD 79 PDC deposits, | report some of the main results and models about
the processes acting within the magma chamber during the eruption. A distinctive feature in
the stratigraphy of the AD 79 pyroclastic deposits is the marked change of chemical
composition and particle density in the transition from white to the grey pumice clasts (Lirer et
al. 1973; Barberi et al. 1981; Sheridan et al. 1981; Cornell and Sigurdsson 1984; 1987; Wolff
and Storey 1984, Sigurdsson et al. 1985; 1987; 1990; Joron et al. 1987; Carey and Sigurdsson,
1987; Civetta et al., 1991, Cioni et al., 1992; 1995).

Di Girolamo (1968) analysed the pyroclastic sequence inside the Pompei excavations (Regio
Il and Regio Ill) and showed that white pumice clasts are leucitic phonolites gradually
differentiating towards the top. The upper grey pumice clasts have instead a more uniform and
mafic composition. The ash deposits were not considered to reflect the composition of the

feeding magma but rather the product of the destruction of the top part of the volcanic edifice.

Barberi et al. (1981) and Joron et al. (1987) interpreted the compositional range of the AD 79
products in terms of fractional crystallization. In their model, a tephritic magma first entered the
magma chamber with a temperature of 1200 °C. During a long period of rest (lasted for several
centuries at least), the magma experienced some differentiation through crystal fractionation

with removal of about 70 wt.% of a mineral assemblage mainly consisting of cpx, pl and Ic (plus

|l esser ol and mt) producing the figr eyaétionat@rg ma .

of ~20 wt. % of cpx+lc+mt produced the phonoliti

of the residing magma with the carbonate country rocks, contact reaction skarns were also
formed, whose minerals (mainly olivine and plagioclase) were variably incorporated into the
magma, modifying its composition and inducing a late precipitation of unusual phases (such

as scapolite and cancrinite).

Sigurdsson et al. (1990) used the compositional variations in the juvenile clasts of the AD 79
pyroclastic deposits as indicators of pre-eruptive chemical gradients in magma chamber. The
authors suggested a mixing model in which the two endmembers correspond to an evolved
phonolite magma (white pumice) and a later-erupted, more primitive mafic phonolite (Fig.
1.27).
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Fig. 1.27 - Plot of Ba/Sr vs. (1/Sr) x 1,000 for pumice clasts of the AD 79 fallout deposit at Pompei (from
Sigurdsson et al. 1990). The compositional range covered by white and grey pumice is well represented
by a two-component mixing model between the more primitive grey and the evolved white endmembers.

Sigurdsson et al. (1990) also provided an estimate of the water content in the two magma
types, being respectively 4.7 and 3.5 +0.50 wt.% for the white and grey pumice. They further
suggested that the compositional trends observed in the white pumice clasts are consistent
with either two end-member mixing or a slight pre-eruption chemical gradient in the white
magma, proposing that some mixing should have occurred at the grey-white pumice transition.

Further mixing of the two endmembers occurred after the first tapping of the grey mafic magma.

A thorough study of the geochemistry of pyroclastic deposits of the AD 79 eruption was
conducted by Civetta et al. (1991), who presented isotopic data on whole rock, glass and
mineral separate samples. They observed that both white and grey pumice clasts show some
variability in both major and trace elements concentrations (Fig. 1.28), as well as distinct Sr
and Nd isotopic compositions, interpreting these as related to a repetitive history of magma
refilling within the Vesuvius shallow reservoir. In their model, Civetta et al. (1991) suggested
that the magma chamber before the AD 79 eruption was characterised by a significant amount
of Aresidual 06 magma, i .e. some magma t hat

magma, enriched in crystals and depleted in volatiles due to degassing, was relatively basic in
composition (tephritic-phonolitic). During the AD 79 eruption, new batches of magmas with
different isotopic ratios entered the chamber, mixing and convecting with the less-differentiated
residual magma. The mixed magma then experienced some magma chamber processes and

formed a highly differentiated "white" portion capping the convective "grey" portion.
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Fig. 1.28 1 Vertical chemical variations for the juvenile fraction in an idealized and composite section of
the AD 79 pyroclastic deposits. Samples location and numbers are reported in the stratigraphic columns
on the top (from Civetta et al., 1991).

Cioni et al. (1992) observed a clear vertical compositional variation for some trace elements
and major oxides in the juvenile fraction of the AD 79 eruption (Fig. 1.29). They recognized

two different trends within the stratigraphic unit of the white pumice (EU2 unit), while the grey
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