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The ancient city of Pompeii, destroyed by the 79 CE Plinian eruption of
Vesuvius, is one of the most famous archaeological sites worldwide and an
open-air laboratory for many disciplines. The destruction of Pompeii has so
far been reconstructed in terms of a succession of volcanic phenomena and
related effects, identified as the accumulation of pumice lapilli on roofs and
dynamic pressure exerted by pyroclastic currents on buildings, and neglecting
the potential effects of the syn-eruptive seismicity, the occurrence of which
is beautifully described by an erudite eyewitness to the catastrophe, Pliny
the Younger. During a recent excavation in the Insula dei Casti Amanti,
in the central part of Pompeii, the peculiar evidence of building collapses,
that overwhelmed two individuals, has been uncovered. The multidisciplinary
investigation, involving archaeology, volcanology, and anthropology, gathered
information on the construction technique of the masonry structures, the
volcanological stratigraphy, the traumatic pattern of bone fractures of the
skeletons, along with the detection of the wall displacements, that led to
archaeoseismological considerations. The merging of the data has highlighted
the need of an updated perspective in the assessment of the damage at Pompeii
during the 79 CE eruption, by considering the syn-eruptive seismicity as a factor
contributing to the destruction of the city and death of the inhabitants. By
comparing the attitude and characteristics of different types of damage, and
after ruling out any other possible damaging event, our conclusions point to the
occurrence of syn-eruptive earthquake-induced failures of masonry structures.
The structural collapses, based on our stratigraphic and volcanological data,
are chronologically consistent with the beginning of the caldera-forming phase
of the eruption which was accompanied by strong seismic shocks. The crush
injuries of the skeletons of the two individuals are consistent with severe
compression traumas and analogous to those shown by individuals involved
in modern earthquakes testifying that, apart from other volcanic phenomena,
the effects of syn-eruptive seismicity may be relevant. These outcomes lay
the foundation for a more extensive study concerning the assessment of the
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contribution of the syn-eruptive seismic destruction at Pompeii and open new
perspectives for volcanological, archaeoseismological and paleopathological
studies.

KEYWORDS

79 CE Plinian eruption, Pompeii archaeological site, syn-eruptive earthquakes, volcano
seismicity, damage assessment, masonry building collapse, compression traumas,
archaeoseismology

1 Introduction

Large explosive eruptions are characterized by the high-speed
discharge into the atmosphere of a mixture of gas, liquid and
solid particles that can be transported upward, forming sustained
eruption columns up to tens of kilometers high, or can collapse
and spread laterally, forming pyroclastic currents (e.g., Woods,
1995; 2001; Cioni and Pistolesi, 2015). Large eruptions are often
preceded and accompanied by a significant seismic activity (Williams
and Self, 1983; Cioni et al., 2000a; Yokoyama, 2001; Scandone and
Giacomelli, 2008; McNutt and Roman, 2015; Arzilli et al., 2019).
Pre- or syn-eruptive seismicity represents an additional threat for
settlements in volcanic areas and a cause of damage to buildings,
and possibly loss of life, making the assessment of the seismic
hazard necessary in addition to the volcanic hazards associated
mainly with tephra fallout accumulation and impact of pyroclastic
currents (e.g., Pomonis et al., 1999; Zobin, 2001; Zuccaro et al., 2008;
Zuccaro and De Gregorio, 2019). Going back in time, evidence of
seismicity associated with volcanic activity, and related effects, can be
found in historical accounts (e.g., the 1631 sub-Plinian eruption of
Vesuvius; Braccini, 1632; Oliva 1632a; 1632b) or can be detected in
ancient settlements struck by volcanic catastrophes. Two outstanding
examples are the Akrotiri settlement, located on the island of Thera
(Santorini, Greece), destroyed by the 3.6 ka Minoan Plinian eruption
(Cioni et al., 2000a; 2000b), and the ancient city of Pompeii, located
9.5 km south-east ofVesuvius (Naples, Italy; Figure 1), ravaged during
the 79 CE Plinian eruption (VEI 6; Cioni et al., 2003), also known
as “Pompeii eruption”. In about 2 days, the ancient Pompeii was
buried under a thick pyroclastic blanket consisting of a ∼3 m thick
pumice fall deposit overlaid by a sequence of ash deposits emplaced
by successive pyroclastic currents. Following the first excavations
startedin1748(Maiuri,1958), systematicarchaeological investigations
have unearthed most of the city that has become a landmark in
the cultural landscape of Vesuvius (Di Vito et al., 2023) and one of
the most important archaeological sites worldwide. The interplay
among the succession of volcanic phenomena, the eruptive and
emplacement mechanisms, and the urban structure of Pompeii
resulted in a well-documented sequence of damage to buildings and
death of the inhabitants (Sigurdsson et al., 1982; 1985; Cioni et al.,
1990; 1992; 2000a; 2000b; Yokoyama and Marturano, 1997; Varone
and Marturano, 1997; Luongo et al., 2003a; 2003b; Giacomelli et al.,
2003; 2021; De Carolis and Patricelli, 2003; Gurioli et al., 2005; 2007;
MarturanoandVarone,2005;Zanella et al., 2007;Mastrolorenzo et al.,
2010; Scandone et al., 2019; Ruggieri et al., 2020; Scarpati et al.,
2020; Amoretti et al., 2021; Dellino et al., 2021; Toniolo et al., 2021;
Doronzo et al., 2022 and references therein). Before the eruption,
Pompeii was struck by historically and archaeologically documented
earthquakes, the strongest of which occurred on 5 February 62–63

CE (the exact date is uncertain) resulting in severe damage to
buildingsthroughoutthecity(e.g.,Maiuri,1942;Adam,1989;Dessales,
2022). Moreover, volcanic tremors and strong seismic shocks also
accompanied the eruption, between the first and second day of the
event, as reported by Pliny the Younger in his letters (Epistulae VI,
16–20) to Tacitus. Despite the extensive literature concerning the
destruction caused by volcanic phenomena and damage due to the
seismic events that occurred before the eruption, notably no evidence
hasbeenreportedsofarofsyn-eruptiveearthquake-induceddamageat
Pompeii.The lack of this information likely arises from the difficulties
in identifying such type of evidence during the archaeological
excavation, in a context where devastation has been primarily caused
by, and always exclusively attributed to, primary volcanic phenomena
(pumice lapilli fallout accumulation and pyroclastic currents flowage)
whose impact may have disguised or obliterated the effects generated
by syn-eruptive seismicity. This possibly resulted in an incomplete
history of destruction. In fact, unlike the cases described in literature
dealing with the archaeological traces of past earthquakes, the study
of the co-seismic effects in Pompeii and in the other Roman cities
struck by the 79 CE eruption is complicated by the intertwining
between seismicity and volcanic phenomena. The rapid succession
of volcanic phenomena and earthquakes, or their coincidence, is a
pivotal issue for determining their combined effects on buildings,
based on different eruption scenarios at Vesuvius, which lead to a
progressive deterioration of the building’s resistance (Zuccaro et al.,
2008). For example, earthquakes may trigger the collapse of buildings
alreadyconditionedbyavertical loadofa falldeposit.Alternatively, the
dynamic pressure (i.e., the lateral load exerted by the flowprocess over
buildings, e.g., Doronzo et al., 2011; Doronzo and Dellino, 2011) of a
pyroclastic current may affect buildings already weakened by seismic
shakings. The positive feature is that pyroclastic deposits, engulfing
the buildings, freeze the exact moment of destruction and related
evidence, protecting them from further break-up due to any type of
decay (not considering the breaching ofwalls causedby the excavation
of exploratory tunnels in both past centuries and more recent times,
which are extensively documented in Pompeii, e.g., Luongo et al.,
2003a; Toniolo et al., 2021; Argento et al., 2024; Ghedini et al., 2024).
In addition, some damage and related repairs in Pompeii have been
associated with seismicity occurred prior to the 79 CE eruption, in
some cases shortly (days) before the catastrophe (e.g., Varone, 1995;
2000; 2005a). Based on this evidence, the seismic swarm, precursor of
the impending eruption, may have provoked structural weaknesses in
thebuildings, increasingtheirvulnerabilityandreducingtheirstrength
against the following volcanic/seismic processes. Furthermore, co-
seismic site effects due to the local geological and geomorphological
features, regardedas aspects conditioning thedamage inancient towns
(Hinojosa, 2023), probably also played a role in the distribution of the
damage in Pompeii (e.g., Amato et al., 2022).
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FIGURE 1
Satellite map of Pompeii archaeological site with subdivision in regiones, indicated by Roman numerals (I-IX), and insulae (white blocks). The locations
cited in the text are reported: CA= Insula dei Casti Amanti (IX, 12); Pol= Iulius Polybius’ house (IX, 13); Iuc= Caecilius Iucundus’ house (V, 1); Forum=
Foro Civile; Cap= Capitolium; TC= Terme Centrali (IX, 4); TS= Terme Stabiane (VII, 1); Sta= Stabianus’ house (I, 22). Inset: location of Pompeii,
Herculaneum and Terzigno with respect to Vesuvius.

Here, we report the peculiar evidence of sudden structural
damage and building collapses which involved two individuals,
whose skeletons were recovered in the sequence of pyroclastic
material and wall debris. The archaeological discovery was
unearthed during the ongoing excavation campaign in the so-
called Insula dei Casti Amanti (Insula of the Chaste Lovers), in the
central part of Pompeii (Figure 1). The excavation was carried out
by a multidisciplinary team that involves experts in the field of
archaeology, volcanology, anthropology, and archaeoseismology
in order to thoroughly assess all the fundamental aspects: the
identification of the construction techniques of the Roman building,
the detailed reconstruction of the 79 CE stratigraphy and its relation
to the structure, the attitude and orientation of the wall failures
and their stratigraphic position and, finally, the traumatic pattern
of bone fractures of the skeletons of the two individuals. The
stratigraphic, archaeological, and volcanological data, integrated
with the severity of the crush injuries of the skeletons and the
characteristics of the building collapses, have provided information
for archaeoseismological considerations pointing to the occurrence
of earthquake-induced damage, previously unrecognized,
associated with the beginning of caldera-forming phase
of the eruption.

2 Outlines of the 79 CE eruption

The 79 CE eruption is well known to have been the first Plinian
event described by an eyewitness, Pliny the Younger, and one
of the most studied Vesuvius eruptions (see Doronzo et al., 2022
for a review of the eruption studies). Overall, the eruption was
characterized by three main phases: a transient, phreatomagmatic,

opening phase followed by a paroxysmal phase, with the onset
of a sustained to collapsing Plinian eruption column, and a
final caldera-forming to phreatomagmatic phase during which
successive pyroclastic currents spread around the volcano (e.g.,
Sigurdsson et al., 1985; Macedonio et al., 1988; Cioni et al., 1990;
1992; 1996; 1999; 2020; Lirer et al., 1993; Doronzo et al., 2022). The
79 CE pyroclastic sequence, with a particular focus on Pompeii, has
been studied by many authors who provided detailed stratigraphic
frameworks (Sigurdsson et al., 1985; Cioni et al., 1990; 1992; Varone
and Marturano, 1997; Marturano and Varone, 2005; Scarpati et al.,
2020). Here, the 79 CE stratigraphic framework is borrowed from
Cioni et al. (1990; 1992) who arrange the stratigraphy in eight
Eruption Units (EU1-EU8), and minor sub-units, having different
dispersal, areal distribution, and emplacement mechanisms. Due
to the distance from Vesuvius and the different areal distribution
of the products, the 79 CE stratigraphy at Pompeii (Figure 2) is
composed only of five (EU2f, EU3f, EU4, EU7, and EU8) out
of eight EUs. The opening phreatomagmatic phase produced an
easterly-dispersed accretionary lapilli-bearing ash fall deposit (EU1)
which did not affect Pompeii. A stratified fall deposit made up of
white (EU2f) to grey (EU3f) pumice lapilli and blocks, dispersed
toward south-east, represents the product of the Plinian phase. The
white to grey colour transition reflects a compositional variation
of magma from phonolite to tephri-phonolite (Cioni et al., 1995;
Doronzo et al., 2022;Melluso et al., 2022).Thepumice fall deposit in
Pompeii attains amaximum total thickness of 2.8–2.9 m (Lirer et al.,
1973; Sigurdsson et al., 1985; Cioni et al., 1990; 1992; Doronzo et al.,
2022). At least four partial collapses of the Plinian eruption column
generated pyroclastic currents whose ash deposits are interspersed
in the Plinian fall deposit. Only the last of these pyroclastic currents
affected Pompeii, emplacing a thin ash layer (EU3pfi sub-unit) a few
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centimeters below the top of EU3f, just outside the north-western
city walls (Sigurdsson et al., 1985; Cioni et al., 1990; 1992) and in
the northernmost part of Pompeii (Scarpati et al., 2020). The grey
pumice deposit is capped by two ash layers separated by a thin
horizon of pumice lapilli (EU3pftot sub-unit). This unit records the
total collapse of the Plinian eruption column. The transition to the
caldera-forming and final phreatomagmatic phase was marked by
an abrupt variation of the eruptive and depositional mechanisms
of the products, emplaced mainly by multiple pyroclastic currents
alternated with brief “lithic-rich” fall phases (Chiominto et al.,
2023). EU4 is formed by a basal, centimeter-thick, lithic lapilli-
rich fall deposit (EU4bl), overlaid by a decimeter-to meter-thick,
grey ash deposit containing pumice lapilli, accretionary lapilli and
deep-seated lithic fragments (EU4pf), capped by an accretionary
lapilli-bearing ash layer. EU4pf resulted from the most powerful
pyroclastic current that overran Pompeii. EU4 is associated with the
initial destabilization of the shallow plumbing system and fracturing
of the magma chamber roof. This marks the beginning of the
caldera collapse accompanied by significant seismicity (Cioni et al.,
1999; Cioni et al., 2000a). EU5 and EU6 are matrix-supported
lithic-enriched deposits and coarse lithic breccias emplaced by
pyroclastic currents, confined in paleovalleys on the slopes of
Vesuvius, that mark the definitive caldera collapse (Cioni et al.,
1999). EU7 consists of two lithic lapilli-rich fall layers separated
by an ash layer and overlaid by an accretionary lapilli-bearing ash
layer (EU7pf; Gurioli et al., 2007). EU8 consistsmainly of a stratified
sequence, up to 1 m thick, of accretionary lapilli-bearing ash layers
emplaced by successive phreatomagmatic pyroclastic current pulses
during the waning phase of the eruption.

3 Seismicity prior to the 79 CE
eruption

Seismicity occurred during the first century CE, prior to the 79
CE eruption, and related effects in Pompeii have been debated for
many decades. Information arises by integrating historical sources
and archaeological evidence. A first earthquake, which occurred
in 37 CE, is reported by Suetonius in his book (Tiberius 74, 2)
devoted to the emperor Tiberius. Its estimated magnitude (M) is
4–4.5 (Cubellis and Marturano, 2013). The major seismic event
before the 79 CE eruption occurred in 62–63 CE. Two different
estimates of the magnitude have been proposed: 5.1 (Cubellis and
Marturano, 2002; 2013; Cubellis et al., 2007) and 5.8 (CFTI5med
catalogue, Guidoboni et al., 2018; 2019). The damage associated
with this earthquake has been estimated, according to the Mercalli-
Cancani-Sieberg (MCS) scale, with Intensity (I) 9 at Pompeii, 8–9
at Herculaneum and 7–8 at Naples (Imbò, 1974; Adam, 1989;
Guidoboni et al., 2018; 2019). The occurrence of this earthquake
is documented by different Latin authors although the exact
date is being debated (e.g., Hine, 1984; Savino, 2009; Dessales,
2022). Tacitus (Annales XV, 22) refers to 5 February 62 CE while
Seneca (Naturales Questiones VI, 1) gives 63 CE as the year of
the event. The 62–63 CE earthquake resulted in such extensive
damage, still visible in Pompeii buildings, as repaired fractures
and deformations (e.g., Ruggieri et al., 2017; Amato et al., 2022;
Dessales, 2022), that it is believed that repair works were still
under way 17 years later, making the city a large construction

site (Maiuri, 1942) when Vesuvius awoke. Two bas-reliefs, found
in the in the house of Caecilius Iucundus (Adam, 1989; Varone,
2000; 2005a), are evocative of the effects of this earthquake in two
locations: the Capitolium, in the northern part of the Foro Civile,
and Porta Vesuvio (Figure 1). Aftershocks were felt for several days
after the major event. The 62–63 CE earthquake was followed by
another seismic event in 64 CE (M= 3.5–4; Cubellis and Marturano,
2013) documented by Suetonius and Tacitus who reported the
shaking of a theatre in Naples during an artistic performance of
the emperor Nero (De Simone, 1995; Pappalardo, 1995; Renna,
1995; Cubellis et al., 2007; La Greca, 2007; Marturano, 2008). The
effects of the seismicity following the 62–63 CE major event have
often been underestimated. According to Varone (2000; 2005a),
the reports concerning the 62–63 CE earthquake provided scholars
with the most valid cause-effect relationship to justify the extensive
repair works throughout Pompeii at the time of the eruption.
The international meeting “Archäologie und Seismologie: la regione
vesuviana dal 62 al 79 d.C.: problemi archeologici e sismologici” held
in Boscoreale (near Pompeii), in November 1993, convened by
the Deutsches Archäologisches Institut, the Osservatorio Vesuviano
and the Archaeological Superintendence of Pompeii (currently
Pompeii Archaeological Park), gathered scientific contributions
reporting evidence of different phases of repair works related to a
prolonged seismicity. Examples include repairs and reinforcement
interventions at the Terme Stabiane (Figure 1), attributed to the
effects of the 64 CE earthquake besides that of 62–63 CE
(Ruggieri et al., 2018), and consolidation works of edifices built after
62–63 CE (Jacobelli, 1995; Pappalardo, 1995) such as at the Terme
Centrali (Figure 1). Other archaeological clues that point to ongoing
repair works are represented by the discovery, in many houses, of
goods and furniture set aside, piles of lime, building materials neatly
stacked, wall plaster refurbishment, incomplete wall decorations and
frescoes (e.g., Allison, 1995; De Simone, 1995; Ling, 1995; Nappo,
1995; Varone, 1995; 2000). Some of the events responsible for
the damage to buildings have been attributed to the time interval
between 72 and 78 CE (Marturano, 2006) testifying to a period of
persistent seismicity that plagued the city for many years prior to
the 79 CE eruption (Allison et al., 2003; Scandone and Giacomelli,
2008; Scandone et al., 2019). In some cases, evidence points to the
effects of seismicity shortly before the catastrophe, during the year
before the eruption (Marturano, 2006) and up to a few days prior to
it (Varone, 1995; 2000; 2005a), in the form of warped mosaic floors
in the Insula dei Casti Amanti (Figure 1) and repair works to the
non-functioning sewers along the eastern alley of the same insula,
where septic tanks were found filled with pumice lapilli. According
to the cited authors, it appears unlikely that sewers that served an
entire block, including rich dwellings, were left unrepaired for a long
time before the eruption.The seismicity, precursor of the impending
eruption, is also accounted by Pliny the Younger (Epistolae VI, 20)
who reported that tremors were felt for several days before the
eruption, but they caused little alarm as people in Campania region
were accomplished to such phenomena (Praecesserat per multos dies
tremor minus formidolosus, quia Campaniae solitus). Ultimately, the
picture that emerges is that of a city that, between 62 and 79 CE,
suffered the effects of recurring earthquakes and volcanic tremors
that forced the inhabitants to undertake continuous reconstruction,
renovation and restoration works until the eruption.
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FIGURE 2
Stratigraphic sequence of the 79 CE eruption with a focus on Pompeii archaeological site. Eruption Units (EU) are from Cioni et al. (1990; 1992) and
Gurioli et al. (2007). Units lacking in Pompeii are reported in italics. The pumice fall deposit is interrupted by several ash layers (at least four) emplaced
by pyroclastic currents generated by partial collapses of the Plinian column; only the last of these events (EU3pfi sub-unit) reached Pompeii. The
maximum height reached by the Plinian column is from Carey and Sigurdsson (1987). The synchronization of the events is from Sigurdsson et al. (1985)
and Cioni et al. (2000a). Vertical coloured lines mark deposits associated with the various phases (and sub-phases) of the eruption.
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4 Syn-eruptive seismicity

No clear evidence of damage related to syn-eruptive earthquakes
has been reported in Pompeii so far. Varone (1995) and Marturano
and Varone (2005) reported the finding of masonry blocks
horizontally displaced from their original positions, suggesting that
seismic solicitations related to the eruption (or soon after) should
be considered in assessing the damage. However, the occurrence
of syn-eruptive seismicity is documented by Pliny the Younger
who reported seismic shakings felt in Misenum (∼29 km west of
Vesuvius) during the night of the first day of the eruption, and violent
shocks at the daybreak of the second day. The scenario depicted by
Pliny the Younger’s second letter (Epistulae VI, 20) to Tacitus is a
vivid picture of the seismic upheavals:

“tremor (terrae)…illa vero nocte ita invaluit, ut non moveri
omnia, sed everti crederentur.”

“earthquakes…that night became so intense that everything
seemed not only to be shaken but overturning.”

“Iam hora diei prima, et adhuc dubius et quasi languidus
dies…vehicla quae produci iusseramus, quamquam in
planissimo campo, in contrarias partes agebantur, ac ne
lapidibus quidem fulta in eodem vestigio quiescebant.”

“It was the first hour of the day, but the light was still faint
and weak.…the chariots we had ordered to be brought out,
though on a level ground, were shaken back and forth and did
not remain steady in their places even wedged with stones.”

The latter has been associated with the beginning of the caldera
collapse phase with the emplacement of EU4 (Cioni et al., 1999;
Cioni et al., 2000a; 2000b). According to the CFTI5med catalogue
(Guidoboni et al., 2018; 2019), the estimated M is 6 whilst the
MCS Intensity is 8. Scandone et al. (2019) drew an isoseismal map,
representing the cumulative effects of the syn-eruptive seismic
swarm, through the estimation of the intensity at different localities
based on epigraphs documenting repair works made after the
eruption. In this map, Pompeii is well within the isoseism defining
Intensity 9. According to these authors, such an intensity must have
caused severe damage andwidespread collapse of buildings, possibly
resulting from earthquakes even stronger than the main one of the
62–63 CE sequence.

5 Materials and methods

5.1 The excavation in the Insula dei Casti
Amanti

The urban planning of Pompeii, conceived in the mid-19th
century by the archaeologist Giuseppe Fiorelli (Varone, 2000), is
divided in nine large districts, called “regiones” (singular regio) and
indicated by Roman numerals (I-IX), bounded by thoroughfares

oriented east-west (Decumani) and north-south (Cardi). Each
regio is further subdivided into numbered blocks, called “insulae”,
bounded by alleys. The Insula dei Casti Amanti is numbered as
insula 12 in Regio IX and faces south onto the via dell’Abbondanza
(Figure 1). Its name originates from a fresco, found in a domus
(house), depicting two lovers chastely kissing. The first excavations
of the façades of the buildings fronting onto the via dell’Abbondanza
were undertaken in 1911 by the archaeologist Vittorio Spinazzola
(Varone, 2000). A more recent, systematic excavation campaign
began in 1987, continued in various phases (Varone, 2000; 2005b;
2005c), and is still ongoing (Calvanese et al., 2024). As a result,
the southern part of the insula has been unearthed, as well as the
alleys that flank it to east and west. The insula includes different
domus (Figure 3): the “casa del Cenacolo Colonnato I and II” in
the south-western sector, the “casa dei Casti Amanti” in the south-
eastern sector, where the fresco after which the insula was named
was found, and the “casa dei Pittori al Lavoro” (house of the Painters
at Work) in the northern part, which is still partly buried under
the pyroclastic blanket. The latter is articulated around an internal
garden (viridarium) surrounded by a portico (peristilium) on three
sides (north, west, and east) where piles of limewere found, evidence
of ongoing restoration works (Varone, 1995; 2000). The current
excavation campaign involves rooms located in the north-eastern
part of the house of the Painters at Work, close to the east alley of
the insula. In two newly excavated, adjoining rooms (roomA and 22
in Figure 3), we found evidence of wall failures and damage whose
characteristics (stratigraphic heights, orientation, and attitude) are
compared in order to reconstruct the timing of the collapses and
triggering mechanisms. Furthermore, in room A, the structural
collapses overwhelmed two individuals, whose skeletons have
been recovered, providing important clues that have contributed,
along with volcanological data and archaeoseismological
considerations, to demonstrate that an updated perspective of
the destruction of Pompeii during the 79 CE eruption should
be considered.

6 Results

6.1 The archaeological perspective: the
context in the house of the Painters at
Work

The two adjoining rooms (rooms A and 22 in Figure 3) are
located on the ground floor, bounded to the east by the alley oriented
approximately NW-SE, and are each accessed through doors
opening onto room 21 (Figure 3) which, though still unexcavated
and currently filled with pumice lapilli, had the function of an open
courtyard. The two rooms are not interconnected; there is no door
that allows direct access from one room to the other. Both rooms are
delimited by load-bearing, 45 cm thick, perimeter walls built in opus
africanum, a building technique consisting of small stone blocks,
bonded with different types of binder, inserted between chains of
large blocks in which vertical blocks alternate with horizontal ones
(Pesando and Guidobaldi, 2018).

Room A has been partly excavated in 1988–1989. It is
surrounded to south andwest by rooms previously excavated, while
it is bordered by room 22 to north, sharing a perimeter wall. Room
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FIGURE 3
(A) Plan view of the Insula dei Casti Amanti (IX. 12) in the central part of the Pompeii archaeological site. The domus that compose the insula are
highlighted with different colours. Rooms A and 22, in the north-eastern sector of the house of the Painters at Work, are outlined in red. (B) Plan view
(orthophoto) of rooms A and 22. Room A is subdivided in the three sectors (southern, western, and northern) marked by two, orthogonal, partition
walls (PW1 and PW2); kc = kitchen counter; amph = amphorae. The yellow rectangle encloses the main collapse unit in room A. The A-B and C-D
transects refer to the cross sections showed in Figure 8.

A has a nearly square shape (5.25×5.12 m). It is accessed through
a door, located at the western end of the north-western perimeter
wall, which currently opens onto the still buried area (room 21 in
Figure 3). The interior of the room is marked by two, 30 cm thick,
partitionwallswithnoload-bearingfunction,perpendicular toeach
other (Figure 3) being oriented approximately NW-SE (hereafter
PW1) and NE-SW (hereafter PW2). The partition walls are built in
opus incertum, a building technique consisting of irregular stones
of different size bondedwithmortar (e.g., Pesando andGuidobaldi,
2018). The partition walls allow to subdivide the area of room
A into three rectangular-shaped sectors. The southern sector had
the function of a latrine and had already been investigated down
to the ground level during the previous excavation. The western
sector had the function of a service kitchen, as testified by the
finding of a kitchen counter located in the south-western corner.
The kitchen was decommissioned at the time of the eruption as
indicated by the presence of two piles of lime, one resting directly
on the counter and the other one leaning against it. The presence
of piles of lime is evidence that restoration and/or renovation
works were also under way in this part of the house. The northern
sector occupies the largest part of the room, having dimensions of
4×2.91 m. This area is accessed from the western sector through

a door located at the northern end of the PW1. Here, the north-
eastern perimeter wall comprises a window facing the alley, whose
base is 1.70 m above the ground level of the alley itself. In this part
of room A, the skeletons of two individuals were found close to the
partition walls.

Room 22 is rectangular-shaped (5.8×3 m) with the longest
side parallel to the alley. It is accessed through a door, located
along the south-western perimeter wall, which opens onto the
unexcavated area (room 21 in Figure 3). Two windows, having the
same characteristics as described for Room A, are present in the
north-eastern perimeter wall.

6.2 The volcanological perspective:
Stratigraphy, stratigraphic height of
damage, and victims

The stratigraphy of the 79 CE pyroclastic deposits in the recently
excavated rooms is described below. The stratigraphic context of
each room is described separately to better highlight the different
attitude and stratigraphic height of the structural damage. The
stratigraphic height and the stance of the skeletons of two individuals
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found in roomA, as well as their relationship with the wall collapses,
are also described in detail.

6.2.1 Room A
As previously reported, the southern sector (latrine) had already

been completely excavated; therefore, our stratigraphic description
is limited to the western and northern sectors.

In the western sector (kitchen), a deposit consisting of coarse,
angular, white pumice lapilli (EU2f) was resting directly on the
ground, with an uniform thickness of ∼75 cm (Figure 4A). EU2f
was capped by anthropically reworked material left by the past
excavations. No evidence of roof/attic collapse has been found on the
ground or in the pumice lapilli deposit. Eight intact amphorae were
found in a row on the ground, propped upright against the south-
western perimeter wall and embedded within the pumice lapilli
deposit. It is worth noting that the door from which this sector (and
the room) is accessed was completely blocked by a pumice lapilli fall
deposit, consisting mainly of white pumice.

In the northern sector, the ground was covered by an
accumulation of grey pumice lapilli (EU3f) forming a heap, whose
apex (∼1.3 m) corresponded with the window opening in the north-
eastern perimeter wall. The heap of grey pumice lapilli thinned
out in all directions, reaching the walls. Plaster fragments, forming
thin accumulations, were found interspersed within the lapilli
heap close to the walls. A major collapse unit, resulting from
the failure and break-up of the upper part of PW1, lay directly
on a few centimeters of grey lapilli. The collapse unit consists of
two features (Figures 4B,C): a large masonry fragment, measuring
200×140×30 cm, and two heap-shaped accumulations of wall debris
to the sides of the masonry fragment and partly overlying it. The
large masonry fragment is positioned with its long side upright and
leaning laterally against the remaining, in situ, portion of the same
wall. The position of the collapsed wall fragment is the result of the
horizontal displacement towards the north-east, after sliding over
a sub-horizontal shear plane located between 60 and 70 cm above
the ground, and downward collapse without breakage, toppling
or overturning. The heap-shaped accumulations of wall debris,
consisting of centimeter-sizedmasonry rubble, pieces ofmortar, and
plaster fragments, were in turn covered by coarse, angular, white
pumice lapilli. The deposition of white lapilli was fed from breaches
in the PW1. A skeleton (individual 1; Figure 5), lying on its right
side, facing the PW1, was found in the south-western corner of this
sector, resting on a few centimeters of grey pumice lapilli and directly
overlaid by the collapse unit. One of the heaps of wall debris covered
the skull, the torso, the upper limbs and part of the lower limbs,
leaving the back exposed which was facing the center of the room
(Figure 5). The right hand was lying directly under the collapsed
masonry fragment. A second skeleton (individual 2; Figure 5), lying
on its left side, facing the north-eastern perimeter wall, was found
at the same stratigraphic position in the south-eastern corner of
this sector. The skull, torso and the lower limbs lay on the lapilli
heap while the right foot was directly on the ground. A masonry
fragment, 80 cm long, fallen from the upper part of the PW2, lay
directly on the right lower limb and pelvis (Figure 5). The skeleton
was covered by a heterogeneous deposit consisting of pumice lapilli,
plaster fragments detached from the adjacent walls, and subordinate
masonry blocks deriving from the collapse of the PW2.At the time of
discovery, only the upper part of the skull and the left knee emerged

from the accumulation of wall fragments and pumice. In both cases,
the internal volume of the skeleton was filled with loose material
(wall debris for individual 1; wall debris and pumice clasts for
individual 2) that re-settled after the decomposition of the corpses.
The presence of the heap of grey lapilli to the north-east and the
collapse unit to the south-west resulted in a concave profile which
was filled with a grey ash deposit containing pumice lapilli (EU4pf).
The ash deposit covered individual 1’s back and partly enveloped
the skull penetrating through the voids of the wall debris. Likewise,
the ash engulfed individual 2’s skull, which emerged from the lapilli,
and partly penetrated the lapilli deposit, filling the space between the
grains and touching the individual 2’s back. Close to individual 2, the
limit of the ash deposit showed a circular shape which was apparent,
although ephemeral, in the accumulation of lapilli. It could represent
the trace of a rotted (wooden) object.

6.2.2 Room 22
The stratigraphy in this room (Figure 6) is characterized by the

same three stratigraphic units (EU2f, EU3f and EU4pf) arranged
in a less complicated framework. The ground was covered by
accumulations of pumice lapilli (EU2f and EU3f) whose maximum
thickness corresponded with the door opening in the south-western
wall and the two windows in the north-eastern wall. The pumice
lapilli were mainly grey. White lapilli were found only close to the
door. Similar to room A, these accumulations of lapilli resulted in
a longitudinally elongated, concave profile capped by a grey ash
deposit containing pumice lapilli (EU4pf), burying the rest of the
room. Also in this room, no evidence of roof/attic collapse has been
found. A collapsed wall, fragmented in two large blocks having total
dimensions of 128×70×45 cm, coming from the south-eastward
toppling of the north-western perimeter wall, was found in the
pyroclastic sequence (Figure 6).Themasonry blocks lay horizontally
on the grey ash and were engulfed by the same ash deposit (EU4pf).
The thickness of the ash deposit underlying the collapsed wall was
at its maximum (22 cm) along the longitudinal axis of the room
while it thinned out, moving laterally, towards the north-eastern and
south-western walls due to the concave profile of the underlying
lapilli deposit. The collapse resulted in a channel-shaped breach in
the north-westernwall having amaximumdepth of 1.3 m (Figure 6).

6.3 The anthropological perspective:
Condition of the skeletons

The biological profile, based on the macroscopic characteristics
of the skull and pelvic girdle (Bertoldi, 2009), indicates that
both individuals were male. The age determination, based on the
Suchey-Brooks pubic symphysis scoring system (Brooks and Suchey,
1990) when possible, the modifications of the auricular surface
(Lovejoy et al., 1985), and the occlusal surface of the maxillary
and mandibular teeth (Lovejoy, 1985), suggests a mature-senile age
(≥55 years) for both. This age is further suggested by the complete
ossification of the manubriosternal joint as well as the degree of
obliteration of cranial sutures.

The individual 1 shows a high number of rib fractures (more
than 20 per hemithorax) resulting in a complex injury pattern
typical of blunt chest trauma (Figure 7A). In general, rib fractures
represent the most frequent type of bone fractures. In about fifty
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FIGURE 4
Photographs of the major collapse unit along the PW1 in Room A: (A, B) cross section view (approximately from the NW), in various phases during the
excavation, of the collapsed masonry fragment leaning against the residue in situ of the same wall; note the white pumice lapilli filling the western
sector (kitchen; right side of the wall) and partly covering the collapsed block in the northern sector (left side of the wall); once the lapilli deposit had
been removed, two accumulations of wall debris were found to the side of the collapsed masonry fragment; (C) panoramic view (from the north) of
the collapse unit. In (B, C), the skeleton of the individual 1 is visible.

percent (50%) of all rib fracture cases, three or more consecutive
ribs are broken being also referred to as serial rib fractures or flail
chest (Liebsch et al., 2019). Combinations of multiple rib fractures
can result in instability and loss of integrity of ribs and chest
walls causing the harming of the inner organs, often with fatal
consequences (Dogrul et al., 2020). In addition to the very severe
pattern of rib fractures, there are also significant fractures of the
facial skull and skull base as well as pelvic fractures. The latter, in
compression damage, tends to adhere to a certain typology, usually

located at the level of the pubic bone (the most fragile portion of
the pelvic girdle). Furthermore, the combination of the avulsions of
the vertebral spinous processes and additional fractures of variable
severity in the upper and lower limbs enhances the traumatic
scenario.

Individual 2 shows a relatively similar pattern of fractures,
although some differences are established (such as the presence
of a higher number of fractures on the right hemithorax, the one
directly exposed to the trauma, while the left one must be sunk
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FIGURE 5
View from the north of the northern sector of room A during the excavation. The skeletons of two individuals lay in the south-western (individual 1) and
south-eastern corner (individual 2). Insets: close-up view of the skeletons; note the accumulation of wall debris close to the individual 1 (it also covered
the skeleton) and the large wall fragment on the pelvis and right lower limb of the individual 2.

FIGURE 6
View from the south of the Room 22. In the foreground the topppled wall, fragmented into two blocks, laying on a grey ash deposit (EU4pf) in turn
resting on the concave profile of the pumice lapilli deposit; note the thinning of the ash deposit towards the north-eastern perimeter wall while it keeps
a constant thickness along the longitudinal axis of the room. In the background, the north-western perimeter wall showing a channel-shaped breach
(dashed line). Inset: detail of the collapsed wall and the underlying stratigraphy (view from the SE).
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FIGURE 7
Details of the skeletons found in the northern sector of Room A: (A) individual 1’s back showing rib and shoulder fractures; (B) and (C) individual 2
huddled on his left side with his left hand protecting his head. Note the circular shape of the ash deposit likely representing the trace left by a rotted
(wooden) object.

into the underlying lapilli deposit). Unlike the individual 1, found
directly under the main collapse unit of PW1, individual 2 was
mainly buried at the level of the lower limbs by a large wall fragment
detached from the PW2. Plaster fragments were in direct contact
with the right femur and released red pigments that coloured its
surface. At the site of greatest impact, the right iliac wing showed
an extremely important cracking scenario resulting in very extensive
and comminuted fractures. The same applies to the right radius and
ulna characterized by a fracture defined in the literature as “Both
Bone Forearm Fractures” (Trionfo and Arcader, 2019), and to the
right tibia and fibula directly crushed by the largemasonry fragment.
Again, costal traumas, combined with facial and skull base traumas,
point to a hypothesis of immediate or semi-immediate death.
Interestingly, the individual 2 had a series of previous well-repaired
fractures with bone remodelling which afflicted both rib cage and
wrists. Importantly, the position of the skeleton, huddled on his left
side with his left hand protecting his head (Figure 7B), and the faint
traces of a circular object directly above the skeleton (Figure 7C)
suggest that the individual was aware of the danger and attempted
to take cover.

7 Discussion

7.1 The complex picture of the destruction

The detection of past seismic effects is a complex task as
the traces of past earthquakes in archaeological stratigraphic
successions and within monuments, the object of the so-called
“archaeoseismology”, are seldom univocal. The detection of
syn-eruptive seismic effects is even more complex due to the
intertwining between seismicity and volcanic phenomena as

previously described. The literature indicates that the cause-effect
relationship between archaeological evidence of destruction and
seismic shaking is not straightforward and often questionable (e.g.,
Karcz and Kafri, 1978; Guidoboni and Santoro, 1995; Stiros, 1996;
Galadini et al., 2006;Marco, 2008; Hinzen et al., 2010; Jusseret et al.,
2013; Albrecht and Döring-Williams, 2023). For this reason, a
normal procedure adopted in archaeoseismology is the exclusion
of possible causes of destruction other than those associated with
seismic solicitation (e.g., Stiros, 1996; Galadini et al., 2006; Marco,
2008; Hinzen et al., 2010; Stiros and Pytharouli, 2014). Looking
for maximum consistency with earthquake damage/destruction,
most archaeoseismological works are based on: 1) the evidence of
geological co-seismic effects in archaeological sites, mainly surface
faulting and sudden areal vertical motion (e.g., Pirazzoli et al., 1992;
1996; Hancock and Altunel, 1997; Galadini and Galli, 1999; Akyüz
and Altunel, 2001; Stiros and Papageorgiou, 2001; Marco et al.,
2003; Galli and Naso, 2009; Altunel et al., 2009; Schweppe et al.,
2021); 2) the areal approach based on the correlation of destruction
layers, i.e., horizons in the archaeological stratigraphy showing
evidence of sudden destruction caused by human and/or natural
agents (Galadini et al., 2006; Sintubin, 2013), throughout a territory
or an archaeological area (e.g., Guidoboni et al., 2000; Stiros and
Papageorgiou, 2001; Galli and Bosi, 2002; Galadini and Galli, 2004;
Ceccaroni et al., 2009; Galadini et al., 2022); 3) the estimation of the
consistency of the damage by seismic actions through structural
evaluations or modelling ground motion and structural response
(e.g., Korjenkov and Mazor, 1999a; 1999b; 2003; 2014; Hinzen,
2005; 2009; Rodrìguez-Pascua et al., 2011; Hinzen et al., 2013; 2021;
Kázmér and Major, 2015). In some cases, the different approaches
have also benefitted from attempts to quantify the reliability of the
seismic hypothesis by using a plausibility matrix or summarizing
the consistency of alternative causes of destruction (e.g.,
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Hinzen et al., 2013; 2021;Galadini et al., 2018;Albrecht andDöring-
Williams, 2023).

Considering the issues here summarized, we interpret the 79
CE stratigraphy and the associated archaeological destruction layers,
along with the condition of the skeletons of the two individuals, to
infer the triggering mechanisms of the wall collapses and the timing
in the course of the eruption. The merging of the volcanological,
archaeological, and anthropological data, along with the analysis
of the wall failures and displacements, led to archaeoseismological
considerations that suggest an additional syn-eruptive cause of
destruction of Pompeii and death of the inhabitants beyond volcanic
phenomena. In this light, our discussions are presented according
to the following rationale: 1) we interpret the stratigraphic features
of the deposits in terms of the sequence of events and timing
of the destruction of the two adjacent rooms, 2) we compare
the typical damage caused by primary volcanic phenomena, as
addressed in the volcanological literature, with that found in the
recently excavated rooms in order to highlight the similarities (room
22) and differences (room A) in the characteristics and attitude
of the failures, in turn reflecting different dynamics and triggering
mechanisms, 3) we propose an archaeoseismological interpretation
of themechanismwhich triggered the wall collapses in roomA, after
ruling out any other possible cause, 4) the traumatic pattern of the
skeletons is discussed to infer the causes of death.

7.2 Succession of events and timing of
destruction

The 79 CE pyroclastic sequence, that is easily recognizable in
open space, exhibits anomalous characteristics and thicknesses
when the volcanic phenomena interact with buildings
(Luongo et al., 2003a; 2003b; Gurioli et al., 2005). Here, the
sequence of destruction is reconstructed for the investigated rooms
of the house of the Painters at Work and illustrated in Figure 8.
Although the stratigraphic record is incomplete in room A due to
past excavations, the available data still permit to suggest a sequence
of destruction. Since the exact date of the eruption is being debated
(late August to November, e.g., Di Giuseppe, 2021; Doronzo et al.,
2022; 2023; Altamura, 2022; Foss, 2022), we simply refer to the first
and second day of the eruption. The proposed scenario is described
in chronological order, following the chronology of the events as
reconstructed by Sigurdsson et al. (1985) and Cioni et al. (2000a).

At the beginning of the Plinian phase, around 1 p.m., white
pumice lapilli fell on Pompeii. After 7 h, the lapilli fallout switched
to grey pumice.The resulting deposit (EU2f and EU3f) was found in
both rooms as a consequence of the penetration through openings
(doors and windows). In room A, the white pumice deposit (EU2f)
has only been recognized in the western sector (kitchen), where it
shows an almost uniform thickness (∼75 cm). We are aware that
the top of this deposit was affected by past excavations due to:
1) the uniformness of the thickness, 3) the truncated horizontal
surface and 3) the presence of anthropically reworked material on
top. Evidence comes from a photo (Figure 9), found in the photo
archive of the Pompeii Archaeological Park, dating to the early
excavations of the Room A in 1988–1989. The photo was taken
from the southern sector (latrine) looking at the western sector
which is filled with a thick pumice lapilli deposit. Just behind

FIGURE 8
Stratigraphic relationship between pyroclastic deposits and structural
collapses and sequence of the events in the investigated rooms; (A)
NE-SW cross section (view from the NW) in Room A whose profile
(A-B transect) is showed in Figure 3: i) during the Plinian phase, white
pumice lapilli (EU2f) penetrate the western sector (kitchen) through a
door in the north-western perimeter wall and fill most of the space
(see also Figure 9); grey pumice lapilli (EU3f) penetrate the northern
sector through the window in the north-eastern perimeter wall, facing
the alley; ii) after the end of the Plinian phase, the out-of-plane failure
of the PW1 occurs. A large masonry fragment is horizontally
(north-easterly) displaced and slipped down as a result of a seismic
solicitation. Accumulations of wall debris result from the break-up of
the same wall. White pumice lapilli penetrate from the western sector,
through breaches in the PW1, covering the collapse unit; iii) at
beginning of the caldera-forming phase, the EU4pf parental current
penetrates the room and emplaces an ash deposit that entombs the
underlying pumice accumulations and the collapse units (and the
skeletons). When the new excavations began, the primary pyroclastic
deposits were covered by a layer of reworked material left by past
excavations. (B) NW-SE cross section (view from the SW) in Rom 22
whose profile (C-D transect) is showed in Figure 3. Pumice lapilli
penetrate the space through the openings (door and windows) during
the Plinian phase. During the early phase of caldera formation, the
EU4pf parental current, coming from the north-west, hit the
north-western wall causing the upper part to collapse being pulled
down south-eastward. The collapsed wall blocks rest on, and are
capped by, the ash deposit emplaced by the same pyroclastic current.
The south-eastern perimeter wall, shared with room A (Figure 3), is not
damaged at all.
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the PW2, the sloping surface of the pumice deposit is visible. We
cannot completely exclude that the sloping surface of the pumice
deposit may have been partly accentuated by the excavation itself.
However, this is further evidence in favour of the conclusion that
the thickness uniformness and the horizontal surface resulted from
the past archaeological excavations. Consequently, we suggest that
the EU2f deposit is the residue of an accumulation of pumice lapilli
that penetrated through the door, along the north-western perimeter
wall, which is completely blocked by a lapilli deposit (filling the still
buried room 21; Figure 3). The grey phase (EU3f) was recorded in
the northern sector of roomAby the presence of a grey pumice lapilli
heap, whose apex corresponded with the window facing the east
alley of the insula. The 79 CE pyroclastic sequence in the east alley
(close to rooms A and 22) was about 5 m thick, of which 3.1–3.3 m
of pumice lapilli (Patti, 2003; de Sanctis et al., 2019; 2020), although
this thickness was not uniform and could rapidly vary along the alley
due to the sliding/rolling of pumice off sloping roofs (thickening)
and/or erosion (thinning) exerted by the successive pyroclastic
currents. By taking into account an almost equal proportion between
white and grey pumice at Pompeii (Cioni et al., 1990; 1992), a
thickness of ∼1.6 m is calculated, respectively, for EU2f and EU3f.
Considering that the base of the window is 1.7 m above the ground
level of the alley and that the base of EU3f was not higher than
1.6 m, we can conclude that the grey pumice progressively buried
the window, penetrated the room through it and extended towards
the sides of the room (Figure 8A). The same dynamics can be
suggested for room 22 with pumice lapilli penetrating that space
through the door along the south-western wall (opening on the
unexcavated room 21; Figure 3) and through the windows along
the north-eastern wall facing the alley. After the end of the grey
pumice fallout (around 7 a.m. on the second day), the collapse
and break-up of the partition walls in room A occurred (whose
causes are investigated in the following sections) likely causing, in
turn, the crumbling of a wooden attic and the death of the two
individuals who tried to seek shelter in this room. The wall failure
caused the white pumice lapilli from the western sector to slide
and partly penetrate the northern sector, through breaches in the
PW1, covering the collapse units (Figure 8A). The absence of ash
coating or matrix suggests that the sliding of the pumice lapilli
occurred before the arrival of the pyroclastic currents. Following
the ultimate collapse of the Plinian column and the beginning of
the caldera-forming to phreatomagmatic phase of the eruption, a
succession of pyroclastic currents overran the city. The pyroclastic
currents that emplaced the EU3pftot unit were unable to penetrate
the rooms. The successive EU4pf parental current arrived from the
north-west and collided against the north-western wall of room 22
that happened to be perpendicular to the flow direction (Figure 8B).
The dynamic pressure associated with the flow process caused the
wall to be pulled down south-eastward (further evidence that led
us to this conclusion is discussed in the following section). The
capability of pyroclastic currents to damage buildings is testified
by experimental studies (e.g., Valentine, 1998; Nunziante et al.,
2003; Doronzo and Dellino, 2011; Zuccaro and Ianniello, 2004;
Spence et al., 2004a; 2004b; Baxter et al., 2005), specific field-based
studies in Pompeii (Varone andMarturano, 1997; Cioni et al., 2000a;
2000b; Luongo et al., 2003a; Gurioli et al., 2005; Marturano and
Varone, 2005), as well as the estimation of the flow dynamic pressure
based on external fragments found in EU4pf and entrained by

the pyroclastic current (Doronzo et al., 2022) or on the structural
analysis of the damage to walls (Ruggieri et al., 2020). The presence
of an ash layer, up to 22 cm thick, underlying the collapsed wall
fragments suggest that the toppling was instantaneous but did not
happen at the first arrival of the pyroclastic current (probably due
to the partial protection of buildings located in the northern sector
of the Insula dei Casti Amanti which is still buried). The pyroclastic
current had time to penetrate the room, likely from openings not
completely buried by the pumice lapilli, emplacing the ash on top of
the lapilli deposit. The dynamic pressure exerted by the pyroclastic
current, then, caused the north-western wall to rapidly collapse,
crumbling on the ash deposit and breaking into two fragments
upon landing, and then being entombed by the same ash. The
pyroclastic current travelled south-eastward across room 22 then,
after a few meters, collided against the successive perimeter wall
(separating rooms 22 and A; Figure 3; Figure 8B). The pyroclastic
current was unable to damage such wall likely as a consequence of
the temporary loss of kinetic energy caused by interaction with the
previous wall (Luongo et al., 2003a; Gurioli et al., 2005), after which
it had mainly a depositional behaviour. The current penetrated the
room A (Figure 8A), progressively emplacing an ash deposit that
capped the skeletons of the two individuals and the collapse units.
The stratigraphic position of the main collapse unit in room A
suggests that the wall failure occurred after the end of the Plinian
phase (that lasted about 18 h) and before the first arrival of the EU4pf
parental current in the early morning of the second day (from 8
a.m.). The death of the two individuals, whose skeletons are strictly
related to the collapse of the partition walls, falls within the same
chronostratigraphic interval.

7.3 Comparison between different types of
structural damage

The accumulation of pumice lapilli during the Plinian phase
of the eruption, with an average sedimentation rate of 15 cm/h
(Sigurdsson et al., 1982; 1985) in open space, caused several roofs
to collapse under the vertical load of the accumulating deposit on
flat or low-sloping surfaces (Cioni et al., 2000a; 2000b; Luongo et al.,
2003a; Giacomelli et al., 2003). Typically, the damage is represented
by abundant roof/attic debris and tiles, intact or in fragments,
smashed on the ground and covered by the pumice lapilli or
embedded within it (Figure 10A). Most of roof collapses occurred
a few hours after the beginning of the Plinian phase, under a deposit
thickness of 40–60 cm (Sigurdsson et al., 1985; Cioni et al., 1990;
1992; Luongo et al., 2003a) during the emplacement of EU2f. A
vertical load may also result in the failure of vertical structures
(e.g., Martini et al., 1998; Sandoval et al., 2011), such as walls or
columns, which could be a secondary consequence of the roof
collapse (Spence et al., 2005). This mechanism has been invoked to
explain the crumbling of walls locally associated with roof collapses
at Pompeii (Luongo et al., 2003b; Giacomelli et al., 2003). In room
A of the house of the Painters at Work, the lack of any evidence of
roof collapse on the ground, and the presence of an accumulation
of grey pumice lapilli penetrated through a window, suggest that the
roof was still in place by the end of the Plinian phase. This is likely
due to the presence of a sloping roof that drained most of pumice
lapilli into the east alley and, consequently, reduced the progressive
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FIGURE 9
Photo showing the early excavations of the Room A in 1988–1989 (photo archive of the Pompeii Archaeological Park). The photo was taken from the
southern sector (latrine) looking at the western sector (kitchen) that appears filled with pumice lapilli showing a sloping surface (behind the PW2). The
blackboard, reporting the date 6 April 1989, is placed on a pile of lime resting on the kitchen counter (still buried in the photo).

increase of the vertical load. In addition, the collapsed partitionwalls
had no load-bearing function so that the vertical forces were mainly
discharged on the perimeter (load-bearing) walls. A direct cause-
effect relationship between the accumulation of pumice lapilli and
the collapse unit in room A can be confidently excluded. Similar
considerations lead to rule out the effects of the weight of the pumice
lapilli deposit as triggering mechanism for the wall collapse in room
22: 1) no evidence of roof collapse has been found on the ground or
embedded in the pyroclastic sequence; 2) pumice lapilli penetrated
through the openings; 3) the room is bounded to east by the alley
and to west by an open space (courtyard) suggesting the presence of
a sloping roof (or a canopy towards the courtyard) that drainedmost
of pumice lapilli.

After the end of the Plinian phase, a series of pyroclastic
currents invaded Pompeii. Among these, the EU4pf parental
current is regarded to have triggered building collapses and
wall damage (Sigurdsson et al., 1985; Cioni et al., 1992; 2000a;
2000b; Luongo et al., 2003a; Gurioli et al., 2005). As evidenced by
Luongo et al. (2003a), through the evaluation of the destruction
pattern in the house of Iulius Polybius (Figure 1), the EU4pf
parental current (their unit E) was highly mobile and density-
stratified (i.e., particle concentration increases toward the base of
the current). The concentrated basal part was channelled, partially
deflected by the buildings, while the upper diluted part was
unaffected by the obstacles moving undisturbed above the buildings
(Gurioli et al., 2005; 2007). Luongo et al. (2003a) suggested that
the orientation of the walls with respect to the flow direction
appears to be a fundamental parameter for the assessment of the
damage, as also reported by Spence et al. (2004a) by modelling
the building vulnerability to pyroclastic currents. Walls parallel

(NW-SE oriented) to the current direction were minimally or
not damaged, while walls perpendicular (NE-SW oriented) to
the current direction suffered severe damage being toppled or
knocked down, resting on a few centimeters of ash emplaced by the
pyroclastic current. A similar conclusion is provided by Varone and
Marturano (1997) and Marturano and Varone (2005) interpreting
a large collapsed wall in the south-western sector of the house of
the Painters at Work (Figure 10B). Where successive walls (two or
more) are closely spaced, the depth and the amount of the damage
appears lower downcurrent (Luongo et al., 2003a). Dynamically,
these observations suggest that repeated and closely spaced wall-
pyroclastic current interactions forced particles to settle from the
depositional system, with a consequent loss of mass resulting, in
turn, in a decrease of kinetic energy. These characteristics are fully
consistent with those of the damaged wall in room 22 whose
demolition was reliably the result of the impact of the EU4pf
parental current. In detail, the evidence of a pyroclastic current-
induced failure is: 1) The wall happens to be perpendicular to
the flow direction; 2) the wall collapsed south-eastward (in the
direction of the flow) resulting in toppling; 3) the north-westernwall
shows a channel-shaped breach; 4) the wall fragments rest on a few
centimetres of ash emplaced by the EU4pf parental current.

Nevertheless, we report that not all the scientific community
agrees that Pompeii suffered the destructive effects of the pyroclastic
currents. Dellino et al. (2021) modelled the impact of the EU4pf
parental current on buildings and humans at Pompeii through the
estimation of flow physical parameters, among which the dynamic
pressure. According to these authors, the EU4pf flow dynamic
pressure had a maximum in the first few decimeters and decreased
higher in the current to values lower than 1 kPa, suggesting that
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FIGURE 10
Examples of damage caused by primary volcanic phenomena in the Insula dei Casti Amanti (IX.12): (A) collapsed roof, unearthed during a recent (2023)
excavation in the “Casa del Cenacolo Colonnato II”, resulting from a vertical load, found embedded in the pumice lapilli fall deposit; (B) wall pulled
down (south-eastward) in the south-western sector of the house of the Painters at Work (close to the west alley); this finding dates to the mid-1990s.
Literature sources (Varone and Marturano, 1997; Luongo et al., 2003a; Marturano and Varone, 2005) attribute the wall failure to the dynamic pressure
exerted by the EU4pf parental current. This wall lies at the same stratigraphic height and shares the same attitude and orientation as the toppled wall
found in room 22 of the same house. Inset: detail of the 79 CE stratigraphy underlying the wall.

no severe mechanical damage to walls should be expected with
such a flow strength. The model is based on laboratory analyses on
samples extracted from the deposit and a field survey carried out
in the house of Stabianus (Figure 1), in the south-eastern part of
Pompeii, where human corpses as well as tiles and wooden poles
(Luongo et al., 2003b; Scandone et al., 2019; Giacomelli et al., 2021)
have been embedded in the EU4pf ash deposit, with no details
about the relationship between the structure (and the characteristics
of the structural damage) and the 79 CE stratigraphy that, in our
opinion, is an aspect as decisive as the estimation of the flowdynamic
pressure when assessing the damage. Views that differ from that of
Dellino et al. (2021) are provided by other authors (Nunziante et al.,
2003; Ruggieri et al., 2020; Doronzo et al., 2022) through different
estimations of the flow dynamic pressure. Based on the stratigraphic
survey and structural analysis of a Roman villa at Terzigno (5 km E-
SE of Vesuvius; Figure 1), Nunziante et al. (2003) suggested that
values of dynamic pressure up to 5 kPa (range 1–5 kPa) were
sufficient to cause the failure of masonry buildings. Doronzo et al.
(2022) suggested that the presence in Pompeii of decimeter-sized
building fragments locally incorporated in the EU4pf ash deposit,
as reported by Gurioli et al. (2007), and possibly entrained and
transported by the pyroclastic current, is evidence of dynamic
pressures up to 5–10 kPa. Finally, Ruggieri et al. (2020) estimated
dynamic pressures up to 30 kPa through the analysis of the damage
to the northern Pompeii city walls, near the Tower XI (Figure 1) also
referred to as Torre di Mercurio (Mercury’s Tower). In this site, these
authors detected the sliding of large blocks, on both the inner and
outer leaves of the city walls, that they attributed to the impact of a
pyroclastic current (likely the EU4pf parental current). In addition,
other aspects should be considered as they affect the strength of
the buildings and, therefore, the response to external forces: 1) the
construction technique and the quality of masonry structures (e.g.,
Spence et al., 2004a; Zuccaro et al., 2008; Autiero et al., 2020) and
2) the potential structural preconditioning caused by pre- or syn-
eruptive seismicity that would reduce the resistance of the buildings
and increase their vulnerability (e.g., Zuccaro et al., 2008), possibly
resulting in structural collapses triggered even by relatively low

values of dynamic pressure. Given these discrepancies concerning
the dynamic pressure values and limit behaviour of the ancient
Roman masonry, we rely our interpretation on the characteristics,
attitude, and stratigraphic height of the damage, engulfed in the 79
CE pyroclastic sequence, that match those reported in the available
field-based studies in Pompeii. Nonetheless, we have attempted
a rough estimate of the flow dynamic pressure, which possibly
triggered the wall collapse in room 22, by combining geometrical
parameters of the wall, measured in the field, and mechanical
parameters of Roman masonry structures derived from literature.
Nunziante et al. (2003) provided a correlation between the limit
tensile strength of Roman masonry walls, having thickness in the
range 40–60 cm, and values of dynamic pressure that make the
walls unstable and prone to collapse. By means of experimental
tests, the authors estimated values of tensile strength in the order
of 102 kPa. Assuming an average tensile strength of 1.5×102 kPa
(Nunziante et al., 2003), a wall thickness (45 cm) in the range
40–60 cm, and considering the reduction of thewall surface exposed
to the passage of the pyroclastic current (due to the partial burying in
the pumice lapilli deposit during the Plinian phase), a flow dynamic
pressure of 3–4 kPa is roughly estimated. For the sake of clarity, we
stress that our interpretation of the collapsedwall in room22 is based
on observations and data collected in a limited area with respect
to the areal extent of Pompeii. The same applies to the literature
studies concerning the impact of the EU4pf parental current, based
on both themodelling of the pyroclastic current behaviour and field-
based analysis of the relationship between the pyroclastic deposits
anddamage.This implies that the results do not necessarily represent
the physical behaviour of the pyroclastic current at the scale of the
city, which may vary in space due to the disturbance caused by the
urban environment (Gurioli et al., 2005; 2007).

Regarding the main collapse unit in room A, based on the
stratigraphic data, we can clearly rule out a contribution of the
EU4pf parental current to the wall failures. However, we provide
other evidence to further constrain our conclusion: 1) the PW1,
striking approximately NW-SE, happens to be parallel to the general
flow direction, 2) the north-western perimeter wall (shared with the
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room 22, Figure 3), oriented approximately NE-SW (perpendicular
to the flow direction), does not show any type of damage likely due
to the protection of the adjoining room 22 to the north, 3) the large
masonry fragment, behaving as amonolithic block, was horizontally
displaced towards the north-east and then slipped down implying
a hypothetical flow dynamic pressure coming from the south-west,
4) the wall was originally confined to the west by a pumice lapilli
deposit, which filled most of the western sector (Figure 9), that
protected the wall itself from the impact of the pyroclastic current;
5) no overturning or toppling occurred as a consequence of the
dynamic solicitation. Ultimately, no cause-effect relationship can
be invoked between the EU4pf parental current and the collapse
unit in room A.

7.4 The archaeoseismological perspective:
exclusion of other damaging events

After ruling out primary volcanic phenomena as the cause
of the wall failures in room A, we can look for other possible
damaging events like the effects of structural decay due to aging
and gravity (e.g., Marco, 2008; Galadini, 2009). As the collapse
units in room A have been engulfed by primary volcanic deposits
during a geologically instantaneous event (volcanic eruption) that
has frozen the exact moment of the destruction, the contribution
of aging or gravity for the structural decay, as well as the action
of roots and soil flow, cannot be invoked. We can also exclude the
contribution of spoliation or exploratory tunnels as they usually
appear as roughly circular breaches through the walls filled with
anthropically reworked material.

Damage to archaeological structures caused by transient seismic
shakings, defined as Earthquake Archaeological Effects (EAEs,
Rodrìguez-Pascua et al., 2011; Rodrìguez-Pascua et al., 2023) or
Potential Earthquake Archaeological Effects (PEAEs, Jusseret et al.,
2013) are diverse, ranging from penetrative fractures to rotated,
displaced or collapsed masonry blocks, walls or columns. Seismic
destruction usually involves the rapid collapse of large wall
fragments, locally associated with accumulations of coarse debris
having maximum thickness close to the collapsed wall (e.g.,
Galadini, 2009). Lateral failure and displacement along a horizontal
plane and subsequent collapse of unreinforced masonry walls,
whose capability to accommodate the deformation is low (Martini,
1998; Fonti, 2016), require horizontal forces that are consistent with
earthquake motion (Martini, 1998; Marco, 2008; Martìn-Gonzáles,
2018). This is the described case of room A, where the PW1
was characterized by a sub-horizontal shear plane above which
the large masonry fragment experienced a monolithic behaviour,
being displaced (Figure 4; Figure 8A) and then slipped down. The
shear plane and displacement likely occurred along the weakest
mortar joints through the stone blocks of the opus incertum as
demonstrated by Autiero et al. (2020) through experimental tests on
reproduced full-scale masonry panels complying with this building
technique. This type of failure is also referred to as “out-of-plane”
because it results from a load operating perpendicular to the
wall surface as opposed to the “in-plane” load acting parallel to
the wall surface and, usually, resulting in diagonal cracking (e.g.,
Martini, 1998; Vanin et al., 2020). Furthermore, as usually observed
after modern earthquakes which damaged historical buildings, the

collapse of the large masonry fragment was accompanied by the
break-up of the adjacent parts of the wall, forming accumulations
of debris composed of stones within a matrix of mortar and plaster
fragments, giving a picture which has already been sketched as
consistentwith archaeoseismological evidence (e.g., Galadini, 2009).
The seismic hypothesis is also supported by volcanological data that
chronologically place the occurrence of the wall failures in room A
at the beginning of caldera-forming phase of the eruption, which
was accompanied by intense seismicity (see the paragraph about
the syn-eruptive seismicity). Furthermore, other evidence suggests
the occurrence of shakings also during the Plinian phase. Indeed,
the presence of a number of plaster fragments interspersed in the
grey pumice lapilli heap, detached from the surrounding walls,
may be consistent with low-amplitude volcanic tremors. Similarly,
Cioni et al. (2000a; 2000b) reported pieces of mortar lying directly
on the ground at Villa dei Papiri, Herculaneum (∼7 km south-west
of Vesuvius; Figure 1), resulting from precursory or syn-eruptive
(Plinian phase) shakings.

Regarding the toppled wall in room 22, our data point to
a structural failure triggered by the EU4pf parental current.
However, the hypothetical contribution of an earthquake-induced
(both pre- or syn-eruptive) structural preconditioning cannot be
completely excluded, even though it cannot be traced.ThePompeian
geoarchaeological stratigraphy often records only the last or themost
significant damaging event of a sequence. This means that it might
not be possible to trace an early earthquake-induced weakening
of a masonry structure (e.g., small fractures with no displacement
can form) because the effects of the subsequent damaging event
(pyroclastic current) can completely obliterate the (minor) seismic
damage, recording only the effects of the last event as in the
described case in room 22.

The whole picture can also benefit from taking into account the
local geological characteristics possibly conditioning the site effects
(e.g., Amato et al., 2022; Hinojosa, 2023). From a lithostratigraphic
perspective, the ancient Pompeii was built on a small hill serving
as lithoid substrate, made up of lavas and welded pyroclastic
deposits, covered by loose to compacted sediments consisting of
pyroclastic deposits (thin layers of ash and lapilli resulting from pre-
79 CE eruptions), buried soils, reworked volcaniclastic deposits and
anthropogenic cuts and infills, sealed by the 79 CE eruption (Amato,
2021; Amato et al., 2022). From a geomorphological perspective,
the surface of the lithoid substrate is characterized by different
landforms as small crater rims, isolated peaks, elongated ridges,
and relatively flat areas. This uneven superficial morphology of
the lithoid substrate involves a variable thickness of the cover
terrains, from absent to a few meters (Amato, 2021; Amato et al.,
2022). By merging these geological and geomorphological factors,
along with geophysical data (seismic tomography), Amato et al.
(2022) proposed a seismic microzonation of the entire Pompeii
archaeological site. Regarding the Insula dei Casti Amanti, subsoil
profiles along the alleys, drawn through borehole data, suggest the
presence of a small morphological depression (lithoid substrate) in
which the pre-79 CE sequence of cover terrains thickens, attaining a
total thickness of at least 4–5 m (Patti, 2003; de Sanctis et al., 2019;
2020; Amato et al., 2022). Such characteristics, according to the
investigation by Amato et al. (2022), make the area of the Insula dei
Casti Amanti prone to site effects, possibly associatedwithVp andVs
wave velocity between 300 and 600 m/s.The possibility that the local
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amplification of seismicmotion contributed to the observed damage
will be investigated in detail during a future-planned campaign of
ambient vibration measurements.

7.5 Causes of death

Causes of death in Pompeii during the 79 CE eruption are
being debated since long time. Great attention has been given to
the modes of death caused by the arrival of the pyroclastic currents
and referred to as lethal thermal effects due to heat, asphyxiation
due to inhalation of fine ash particles or, very rarely, mechanical
impact (Baxter, 1990; Luongo et al., 2003b; Giacomelli et al., 2003;
Mastrolorenzo et al., 2010; Dellino et al., 2021;Mastrolorenzo, 2021;
Alapont et al., 2023). In addition, the duration of the pyroclastic
current, and consequently the exposure time to an ash-rich
environment, has been identified as a life-threatening factor
contributing to asphyxia (Dellino et al., 2021). Conversely,much less
attention has been given to the human remains of individuals who
perished during the Plinian phase of the eruption.They are generally
regarded as victims of the collapse of the roofs resulting from the
overload of the pumice lapilli deposit, if found inside buildings,
or killed by the crumbling roof tiles or by large lithic fragments
falling from the eruptive column or emplaced as ballistics, if found
outdoors (Luongo et al., 2003b; Giacomelli et al., 2003). Moreover,
Zanella et al. (2007), based on thermal remanent magnetization
data, suggested that the pumice fall deposit was emplaced hot
enough to heat up cold material to 120–140 °C, speculating that
it would have been able to cause skin burn and carbonization of
wood. Luongo et al. (2003b) reject this hypothesis suggesting that
the Plinian phase resulted in a cold deposit.

The direct stratigraphic relationship between the two skeletons
and the large collapsed masonry fragments (Figure 5) suggests that
the death of both individuals is concurrent with the wall failures,
whose timing during the eruption has been volcanologically well-
constrained. This information allows us to rule out any lethal
effect associated with the pyroclastic current phase as cause of
death. Their stratigraphic position above the grey pumice lapilli
suggests that they were still alive by the end of the Plinian phase,
allowing the exclusion of any hypothetical thermal effect of the lapilli
deposit. Moreover, taking into account that the grey pumice lapilli
progressively penetrated the room through the window facing the
eastern alley, the lack of charred wood fragments suggests that the
resulting deposit was nearly cold (only the faint trace of a rotted
object has been observed above the individual 2’s skeletal remains).

The perimortal traumatic pattern of fractures (thoracic cage,
pelvis, skull, limbs) is consistent with extremely severe compression
traumas, likely having fatal consequences, caused by the collapse
of the partition walls which was triggered, as previously discussed,
by a seismic solicitation. For the individual 2, a contribution
of asphyxia in a confined space cannot be totally excluded. It
is worth noting that such traumas are analogous to those of
individuals involved inmodern earthquakes (e.g., Naghi et al., 2005;
Dong et al., 2010; Tian-wu et al., 2011) providing a further constrain
to our interpretation pointing to the contribution of the seismic
destruction.

Our conclusions suggest that the effects of the collapse of
buildings triggered by syn-eruptive seismicity should be regarded as

an additional cause of death in the ancient Pompeii other than those
reported in literature. In this light, in a broader view that takes into
account thewhole city, we consider, as a working hypothesis, that the
casualties caused by seismically triggered building failures may not
be limited to the two individuals described in this study. According
to literature sources (Luongo et al., 2003b; Giacomelli et al., 2003;
Scandone et al., 2019), a total of 394 bodies were recovered in the
pumice lapilli deposit resulting from the Plinian phase. Of these,
345 were found inside the houses and are thought to have been
killed by roof collapses resulting from theweight of the lapilli deposit
(Luongo et al., 2003b; Giacomelli et al., 2003). We hypothesize that
a number of roofs, which were able to withstand the accumulation
of pumice lapilli, may have crumbled shortly after the end of the
Plinian phase as a consequence of the strong earthquakes that
accompanied the caldera formation. This hypothesis would imply
that a number of people who survived to the Plinian phase, and
did not attempt to flee their houses after the cessation of the
lapilli fallout, may have been overwhelmed by earthquake-induced
collapses of roofs loaded by pumice lapilli. The same applies to the
roof collapses and deaths that occurred during the Plinian phase.
Some of them may have been triggered by earthquakes occurred
during the night between the first and second day of the eruption
and reported by Pliny the Younger. During modern archaeological
excavations, the systematic attribution of the roof failures to the
overload of the pumice lapilli possibly resulted in amisinterpretation
of the actual triggering mechanism of some of them. The syn-
eruptive seismicity probably also played a role in the choices made
by the victims of the second phase of the eruption as inferred
from their areal distribution (indoor vs. outdoor areas). A total
of 650 bodies were recovered in the pyroclastic current deposits
(Luongo et al., 2003b; Giacomelli et al., 2003; Scandone et al., 2019);
the vast majority were in the EU4pf ash deposits (Luongo, 2003b)
while a few victims have been associated with the EU3pftot unit
(e.g., Cioni et al., 2000a; Marturano and Varone, 2005). The victims
of the pyroclastic current phase are almost equally distributed
between indoor (334) and outdoor (316) areas (Luongo et al.,
2003b; Giacomelli et al., 2003; Scandone et al., 2019). According to
Scarpati et al. (2020), the surviving inhabitants were encouraged to
leave their houses or shelters by brief breaks in the succession of
volcanic events at Pompeii, represented by stratigraphic hiatuses
in the 79 CE pyroclastic sequence consisting of erosion surfaces
filled with reworked sediments. Such brief breaks preceded and
followed the emplacement of the EU4bl fall layer (their unit D),
resulting from a short-lived (about half an hour) eruption column
(Scarpati et al., 2020; Chiominto et al., 2023), which anticipated the
most devastating and lethal pyroclastic current. It has also been
speculated that some survivors who had left their houses at the
first signs of unrest, or during the initial phase of the eruption,
attempted to return, likely to recover their possessions, by taking
advantage of the temporary decline of the volcanic phenomena
(e.g., Lirer et al., 1997). However, the evidence of severe, syn-
eruptive (caldera collapse phase) seismic damage, provided in this
study, suggests that the significant seismicity possibly contributed
to push some survivors, still in Pompeii, to flee their refuges (and
discouraging the return ofmost of thosewho had left), seeking safety
outside, then being caught by the arrival of the EU4pf pyroclastic
current along roads/alleys and in open spaces, as already speculated
by Scandone et al. (2019).
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8 Conclusion

Modern volcanology has greatly benefitted from studies
concerning the destructive effects of the 79 CE Plinian eruption
in Pompeii. This study provides new observations and data on
underrated/neglected effects of the eruption through different
investigative approaches. Our results represent a starting point for
an updated view of the destruction of Pompeii, by considering the
syn-eruptive seismicity as a contributing cause of building collapse
and death of the inhabitants, and open new perspectives of research,
e.g., the interplay between volcanic and seismic processes during
the 79 CE eruption, the investigation of ancient seismic effects in
volcanic areas, and paleopathological studies on individuals who
suffered the consequence of building collapses.

Previous studies in Pompeii have shed light on of how volcanic
phenomena interacted with buildings but new information can be
gained. The available data indicate that the effects of the seismicity
related to the 79 CE eruption cannot be neglected and that a volcanic
eruption may imply damaging effects even in absence of destruction
directly related to primary volcanic phenomena. The recognition of
the effects of any volcanic/seismic event and the spatial distribution
of the associated damage can lead to a cumulativemap of destruction
layers and related timing during the 79 CE eruption. The response
and resistance of buildings to seismic actions is fundamental
to assess the damage, particularly when combined with vertical
loads due to tephra accumulation and dynamic pressure owing
to lateral flow processes (Baxter et al., 2005; Zuccaro et al., 2008).
Therefore, our next initiatives related to other excavation sites in
Pompeii, where evidence consistent with past seismicity is being
uncovered, will also involve widespread analysis of site effects,
modelling of the dynamic solicitation and structural response of
the ancient buildings bearing traces of damage/destruction, in
addition to detailed stratigraphic reconstructions. This can also
have implications for the mitigation of seismic vulnerability of
the archaeological structures in Pompeii (Fonti, 2016; Calvanese
and Zambrano, 2021; Satta et al., 2021). In this light, a glance
to the Seismic Hazard Map of Italy (Stucchi et al., 2004) seems
opportune. The Vesuvius and Pompeii area, along with other peri-
Tyrrhenian volcanic areas of peninsular Italy, is included in the Zone
2 that comprises territories that may be affected by quite strong
earthquakes. Based on a seismic source zone model, that in the
investigated area is derived from the regional historical seismicity
(Meletti et al., 2008), the hazard map and the related classification
clearly claim for building techniques and interventions that should
prevent seismic damage comparable to that associated with the syn-
eruptive seismicity. Therefore, the described archaeoseismological
case in the Insula dei Casti Amanti, in Pompeii, provides further
evidence of the seismic characteristics summarized in the Hazard
Map and represents a new incentive to keep attention focused on
the importance of the defence against earthquakes in the Vesuvius
volcanic area.

The death of two individuals, caused by seismically triggered
wall failures, has implications for a lesser-known branch of
paleopathological studies of victims of ancient earthquakes, for
which very few cases exist in Italy (e.g., Galadini et al., 2010).
Also in this case, the multidisciplinary approach is a fundamental
tool. The traumatic pattern of bone fractures alone, resulting
from compression traumas associated with building collapses,

is not indicative of a specific triggering mechanism of the
collapse (e.g., Guglielmi et al., 2011). The recognition of multiple
bone fractures and the evaluation of the severity of the skeletal
crush injuries, compatible with compression traumas having fatal
consequences, of human and/or animal remains recovered in
archaeological areas may provide important clues that, associated
with the local geological and archaeoseismological picture, can
contribute to the assessment of the collapse dynamics possibly
pointing to the seismic destruction triggered by past and poorly
known earthquakes. The comparison of the traumatic pattern
with that showed by casualties (or survivors showing severe
traumas) of modern earthquakes can further constrain the seismic
hypothesis.

Finally, our work emphasizes that a multidisciplinary approach
is necessary, even decisive, in the assessment of the damage and
the cause-effect relationship during future excavations in Pompeii.
This is a challenging task, due to the interplay between volcanic and
seismic phenomena, that can be achieved through a synergistic work
between archaeologists and earth scientists (and anthropologists
and/or archaeozoologists if human/animal remains are recovered),
devoid of any preconceived archaeological and/or volcanological
scheme in the wake of what has been done in this work.
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