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Quamdiu stabit Colyseus stabit et Roma
guando cadet Colyseus, cadet et Roma
guando cadet Roma, cadet et mundus

(Beda Venerabilis 672-735)
3 As | ong loassumtstarels, Roma will stand
when the Colosseum falls, Roma will fall
when Roma falls, the whole world will fall."

Abstract

This half day -long field trip aims at observing field evidence of archaeoseismicity in the historical center of Roma . The focus is on the area of
the Colosseum, Roman forum, Imperi al Forums and the area from the Theater of Marcellus to the Antonina Column. The major damages are
seen in the Colosseum, enhanced by an uneven substratum.

Only in some cases there is epigraphic and/or historical evidence of seismic damage. More often, the seismic cause and the attribution to

one or more events is conjectural, based on archaeoseismic evidence and available chronological constraints. The main documen ted seismic
events causing damage in Roma have occurred in 443, 484 -508, 618, 801, 847, 1439, 1703, 1812, 1915. The estimated intensity is gener-

ally VIl MCS. The archaeoseismic analysis is fundamental to assess seismic hazard in Roma, where damaging events are relative ly rare but

the direct and indirect  documentation wide since Roman times.

Keyw ords: Seismicity , archaeoseismicity , Rome, Colosseum, Roman Forum
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Program

The first stop will be dedicated to observe the Colosseum from outside. After, we enter the area of the Forum Romanum (Stop 2) that we
leave from the exit under the Campidoglio. The n we cross the square and admire the landscape from this elevated position (Stop 3). Re-
turned to via dei Fori Imperiali, we observe some evidence in the area of the Imperial Forums, included the Column of Traianu s (Stop 4).
Then we stroll to the Column Ant onina (Stop 5) and the Pantheon/Santa Maria sopra Minerva (Stop 6). Largo Argentina follows (Stop 7)

and, finally, the Theater of Marcellus (Stop 8). From here, we return to Piazza Venezia and get to the meeting point by public transportation.

1. Excursionn otes

1.1. Introduction

The city of Rome, capital of Italy and UNESCO
World Heritage Site, is located in the central -
western portion of the Italian peninsula (Latium
region), where the river Aniene joins the Tiber.

With around 2.8 million residents, Roma is th e
most populated town in Italy.

Traditionally, Roma was founded in 753 BC by
Romulus after having killed in duel his twin

(< Pran di Casteilo
| PRATA NERONIS

brother: a bloody birth for the future capital of a

wide and enduring empire spanning most of Eu-
rope, Northern Africa and Middle East.
grown to host more than two million citizens two

thousand years ago which, reduced to nearly a
village in the Middle Ages after the loss of its
empire, was able to rebuild a new and even
longer lasting kingdom, that of Christianity,
founded on fait h, but often defended with blood.

Fig. 1.1 1 Morphology of Rome within its ancient
city walls. The Seven Hills (
indicated by their Latin names (from north,
clockwise: Quirinalis, Viminalis, Esquilinus, Cae-
lius, Aventinus, Palatinus, Cap itolinus). The Tiber
valley and its main tributaries are in blue. The
Tiberina islet is also evident. (from Rodolfo Lan-
ciani, Forma Urbis Romae, 1901).
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Thanks to its unique and almost uninterrupted role since its foundation, a nearly continuous historical record is available of the major events
occurred in the city, from historic accounts and monuments that have survived time. For two millennia, even after the Enlight enment, Latin
has maintained a key role as the basic language of science and culture in th e western world. This privileged and unparalleled situation
should have allowed also a precise record of the natural phenomena, including earthquakes, that have hit Rome. Indeed, this i s only partial-
ly true. Many invaluable historical sources were lost. Wh at we have, sometimes mutilated, like the monumental history of Rome of Livy (Ab

Urbe Condita Libri CXLII), reports the natural phenomena often as prodigia, carrying a religious significance, most of the ti mes exaggerating
their size and forgetting to give essential details. The situation improves with time, but still earthquakes are generally reported in a few

words, despite cited as disasters, leaving often a doubt about their actual size or even time and place of occurrence.
The most accurate synthesis o f the seismicity of Rome since the Republican Period (I century B.C.) to the XX century is provided by Galli

and Molin (2014), who have reviewed the whole bulk of literary, epigraphic and archaeoseismic evidence. Another precious sour ce, especial-
ly focused on late Roman -Early Middle Ages archaeoseismic evidence, is Galadini et al. (2013). Most of the archaeological sites cited ahead
find an analytical illustration in these papers, to which (including the references therein) the reader is addressed for furt her reading. Pre-

cious sources of archaeological information on ancient Rome are found in Richardson (1992) and Coarelli (2007).

Fig.1.2 i Original hydrological pattern of Roma (from Corazza and Lom-
bardi, 1995).

The local stratigraphy and geomorphologic al setting have contributed to
the good fortune of the founders of Roma. The Tiber river valley nar-

rows considerably where it crosses the eastern outer slopes of the vol-

canic apparatus of the Alban Hills (Fig. 1), more or less where their de-

posits had come in contact with the similar products of the Sabatini vol-
canic field. The cap of relatively hard volcanic deposits (ignimbrites) has
protected from erosion the softer uplifted marine and continental sedi-
ments underneath. As a result, the deep incision of t he drainage net-
work following the Last Glacial sea level drop 18 ka ago has shaped a
system of tabular hills bounded by cliffs and steep slopes. The subse-
guent sea rise has sensibly reduced the gradients of the drainage sys-

tem, determining the meandering o f the Tiber and the development of a
broad flood plain with wide humid environments (marshes and
swamps).

The first Romans chose to settle on the hilltops (the Palatine and Capitol

hills hosted the first fortified villages), because of many good reasons.

The septimontium (system of seven hills - Fig. 1) offered ample nearly
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flat surfaces, away from the periodic river floods. The city was protected against enemies by the steep slopes on several sid es and by the
Tiber, which provided a barrier from the west. The only ford for many miles up and down stream was near the Palatine Hill across the Tiber-
ina Islet (Fig. 1) and could be easily patrolled by early Romans. Also the swampy areas flanking the Tiber (e.g., the Velabru m) added a fur-
ther protection. The early Romans could benefit of the abundant water of the river and of the many springs along the slopes. The volcanic
rocks were a good construction material, easy to quarry and shape, and the outcrops of marine and lacustrine clays provided t he furnaces
with th e source material for pottery and brick production. Also relevant was the very fertile volcanic soil, which added to the favo urable cli-
mate and the water abundance. So, many gardens, vineyards and farms have flourished around and inside Roma up to the XIX century.
From such a favourable site, Romans begun their nearly continuous territorial expansion lasted for over a millennium. With ti me, due to the
urban expansion (more than two million people lived here in imperial times), Romans had to face environment al and sanitary problems. A
large urban sprawl took place at the end of the Republican age, making necessary the reclamation of the areas along the Tiber banks and its
tributaries, with the drainage and infill of marsh areas, as the Velabrum and the Campus Martis. Actually, the reclamation of the forum area
started already with the Etruscan kings of Roma, the Tarquins, in the VII century BC. The fills were realized mostly by dumpi ng waste mate-
rial coming from fires, earthquakes and demolitions. A system of culverts ending into the Cloaca Maxima (main sewer) drained the valley
between Capitolium, Palatinus and Velia: another system of culverts was implemented between Palatinus and Aventinus in order to allow
the realization of the Circus Maximus. The original morphology was locally reshaped, as is the case of the saddle between the Quirinalis and
Capitolium hills, removed to make room for the Forum Traiani and the area of the Domus Aurea and later of the Amphitheatrum F lavium.
Many voids are distributed insid e the volcanic bedrock, mainly quarries, aqueducts, cisternae (water tanks), catacombs, which cause locally
a severe risk of abrupt collapses.

Frequent were the devastating inundations of the Tiber; earthquakes often rocked the town, although widespread da mage was rare. To all
this added fires and periodic epidemics and, since the last days of the empire, repeated looting from invaders.

Nevertheless, the life of the city has continued, although with many lows and only a few highs, until it has become the ca pital of Italy, again
a single country after fifteen centuries. Since then, Romads po fliank.dheirap-n h a
id and chaotic modern expansion of the city has dramatically enhanced the risk level from geo hazards, imposing costly but so far effective
interventions for the protection from floods, while the earthquake hazard has remained for too long underestimated, notwithst anding the
vast historical evidence (see ANotes on the seismicity of Romaod).

Due to t he wide diffusion of Holocene  -Latest Pleistocene alluvial sediments several tens of meters deep and artificial fills even ten meters

and more thick, to which a general lowering of the water table adds, subsidence and differential settling are common phenom ena, often re-
sulting as a significant source of hazard for many recently developed urban areas (Comerci et al., 2015). Finally, a far from trivial volcanic
hazard may come from the unrest of the Alban Hills, as shown by uplift, seismicity, thermal and gas anomalies, and even possible historical
manifestations of activity ( Anzidei et al., 2009; Funiciello and Giordano, 2010). The urban development and the local morphology before the

many artificial changes of the last 140 years are documented in a wealth of historical maps with impressive precision dating back to the XVI

century (e.g., Archivio Storico Capitolino, 2002).
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1.2 T Notes on the geological setting

The geology and stratigraphy of Roma and surroundings is relatively well

known and detailed (Hei ken et al., 2007; ISPRA 2008), thanks to the

many boreholes drilled for public and private constructions (e.g., Ven-
triglia, 1971) and high resolution mappi
maod). A useful s untousisiyFuficielo etal. (8§064).

Fig. 1.3 1 Structural sketch of the region enclosing Roma (from Marra et

al., 1995). 1 recent alluvial deposits, 2 travertines, 3 hydromagmatic

units, 4 pyroclastic fall deposits, 5 lava flows, 6 Alban Hills ignimbrite

units, 7 Sabatini ignimbrite units, 8 Plio-Pleistocene sedimentary units, 9
caldera rim, 10 crater rim, 11 Pelagic Meso - Cenozoic sedimentary units,
12 Carbonate shelf Meso -Cenozoic sedimentary units.

Roma lies in a wide gentle landscape extending from the southwestern
flank of the Central Ap  ennine chain to the Tyrrhenian Sea coast, bounded
by volcanic apparatuses and structural highs (Figure 2). Its origin is linked

to the Neogene extensional tectonic evolution of the Tyrrhenian Sea - Ap-
ennines boundary (Patacca et al., 1992 ; Mattei et al., 2 010). A neo -
autochthon marine sedimentation has filled this subsiding area since the

Late Messinian. However, during the Plio T Quaternary, the interplay be-

tween climatic changes, with their alternating depositional and erosive

phases, and extensional tect  onics and related volcanism, have caused a

complex suite of geological features (Funiciello and Giordano, 2008; Pa-
rotto, 2008).  Well consolidated marine clays crop out at various spots in town (often hidden by recent constructions), but mainly along a

stru ctural ridge parallel to the right bank of the Tiber river, at the base of the Mt. Mario, Vaticano and Gianicolo hills (Funic iello and
Giordano, 2008). To the east and west of this fault -bounded ridge, these clays lie at various depths, being particularly thick in tectonic lows
of the bedrock, as in the Circus Maximus area (at least 870 m) (Marra and Rosa, 1995).

An erosive phase, corresponding to the first big glaciation marking the passage to the Pleistocene, interrupted this marine ¢ ycle. Two subse-
guent marine transgression cycles followed, dating at the Early Pleistocene. Mainly made of sandy units (Mt. Mario formation), they indicate
a much shallower marine environment, partly due to uplift of the basement and partly to the main eustatic sea level fluc tuations during this

period (Marra et alii, 1995; Marra and Rosa, 1995; Cosentino et al., 2009)



