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ARCHITECTURAL HERITAGE AND 
ANCIENT EARTHQUAKES IN ITALY 

The constraints and potential of archaeoseismological 
research applied to medieval buildings 

Margherita Ganz and Andrea Arrighetti 

In recent decades, archaeoseismology—the study of the effects of historical earthquakes 
on archaeological sites—has witnessed a surge of research directed towards architec-
tural heritage (Doglioni and Petrini 1987; Doglioni and Squassina 2011; Arrighetti 
2015). In contrast to previous approaches, this research is innovative because its focus 
is not on archaeological remains but on buildings which are still in use. This field 
of investigation is particularly important in those geographical areas where written 
sources are lacking and/or recent urbanisation has obscured archaeological remains. 

The application of an archaeoseismological methodology to architectural contexts 
raises a number of points for discussion, which are explored in this chapter through 
two case studies. The first of these demonstrates a procedure for identifying ancient 
seismic damage in a single building, namely the church of Santi Vittore e Corona 
in Feltre in north-east Italy, whilst the second proposes a methodology for archaeo-
seismological research into historical heritage at the landscape scale in the Mugello 
district, in the Tuscan Apennines. Through both cases, we address the potential and 
limitations of archaeoseismological research in architectural contexts. 

THE CHURCH OF SANTI VITTORE E CORONA 

The architectural evolution of the complex 

The church of Santi Vittore e Corona is a medieval building perched on a rocky spur of 
Mount Miesna in Anzù, a hamlet near the city of Feltre in northern Italy. The church 
once formed part of a larger military complex which included a tower and a wall 
across the valley bottom which blocked the gorge of the River Sonna (Alpago Novello 
1974). This complex controlled the medieval road connecting Feltre with the Veneto 
plain and ultimately with Venice, and it acquired both a fiscal and military function, 
controlling the transit of goods into the region while also defending the eastern frontier. 

This sanctuary lies within an area of medium-high seismic risk. Structural damage 
observed at the site has previously been interpreted as being potentially seismic in 
origin (Doglioni and Petrini 1987). Although the church has been studied for over 
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ARCHITECTURE AND EARTHQUAKES IN ITALY 

a century, relatively little information is available about the different episodes in its 
construction and development over time. The first step was therefore to identify the 
various construction phases of the church in order to place the ‘sequence of destruction’ 
into a relative timeline. 

The monastic complex of San Vittore and Santa Corona consists of the sanctuary (ie the 
church hosting the relics of San Vittore and Santa Corona; Plate 3) and the later convent, 
the cloister of which lies against the south wall of the church (Plate 3, Area E). The main 
nave of the church has a rectangular plan with a re-entrant narthex on the western side 
and a re-entrant martyrium on the eastern edge. On either side of the martyrium are 
bases for stairs to two towers, probably bell towers, which must have collapsed or been 
destroyed at some point in the past and were replaced in the 17th century by a new bell 
tower which was added to the main facade of the building adjoining the narthex. The 
Greek-cross configuration comprised a barrel-vaulted transept, orientated north–south, 
along with a groin-vaulted central section of the nave, orientated west–east, inserted 
within the original Romanesque structure (Plate 3, lower plan). 

The origins of the site are well documented. The first clue comes from a funerary 
inscription on the sarcophagus of Giovanni da Vidor, who died in AD 1096 (Coden 2004). 
The church was founded by Giovanni as a personal and family mausoleum, and the year 
AD 1096 therefore represents a terminus ante quem for the construction of the building. 
Additional chronological information is provided by an inscription over the sarcophagus 
containing the relics of San Vittore and Santa Corona which, although it was inscribed 
later in 1355, dates the consecration of the church to AD 1101 (Dal Zotto 1951).1 

A number of stratigraphic discontinuities suggest that the 12th-century plan of the 
church differed considerably from what we see today, with the first phase of the origi-
nal complex corresponding to the outline of the nave and the apsidal area composed 
of the martyrium and the two bell towers which flank its northern and the southern 
sides (Figure 5.1, phase 1). This phase was built in Romanesque style using large ashlar 
blocks. Some frescoes on the south wall of the nave also probably date to the first half 
of the 12th century (Ericani 2004, 125; Claut 2006, 198–199). That these elements, 
when taken together, represent a single phase of construction activity is confirmed 
today by the homogeneous masonry of the walkways and stairs of the bell towers. 

The same cannot be said about the main nave. Here, architectural incongruities 
suggest that the Greek-cross layout which is visible today is the result of a radical change 
to the original design (Figure 5.1, phase 2). One of the elements which is inconsistent 
with the current structure of the church is a window which originally opened onto 
the south side of the church towards the cloister. This was, at some point in time, 
walled and sealed by a fresco (Minella 2000; Fossaluzza 2003). On the interior, the 
blocked-up window is hidden by one of the arches forming the Greek-cross layout of 
the main body of the church. As the frescoes covering the closed window stylistically 
belong to the mid-13th century, that window must have been blocked and the internal 
transformations of the church completed by that date. 

Further architectural observation confirms this sequence. Significant discontinuity is 
apparent through the change in masonry technique between the lower and upper parts 
of the building. The large ashlar blocks used in the lower sections are markedly dif-
ferent from the regular rough-hewn blocks in the upper masonry. The clearest strati-
graphic evidence, however, is that the load-bearing walls which form the Greek-cross 
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WAITING FOR THE END OF THE WORLD? 

Figure 5.1 Santi Vittore e Corona, Veneto (Italy). Phases of construction/destruction: [1] first 
construction phase of the original project; [2] second construction phase with a new 
layout; [3] destruction phase; [4] final phase of construction (© Margherita Ganz) 

structure lean against the walls of the ancient bell towers, overlying the well finished 
ashlar joints. This can only be explained by the fact that they were constructed at a 
later date against an existing structure—as interventions which were not part of the 
original design for the building. 

We can assume, therefore, that once the apse had been built, with the martyrium 
and the bell towers, construction works were interrupted for a significant period of 
time. One possibility which is entirely consistent with the evidence presented above is 
that a strong seismic event occurred while construction was underway—causing a par-
tial collapse of the lower walls and forcing changes to the project design. This sequence 
is visible externally on the north side of the church, where new and smaller blocks were 
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ARCHITECTURE AND EARTHQUAKES IN ITALY 

used for the reconstruction. This restoration therefore seals an earlier structural fail-
ure. In the absence of a comprehensive archaeometric investigation, the Greek-cross 
configuration can be dated by: 

• the frescoes which cover the blocked-up window. These are not later in date than 
the mid-13th century, 

• dendrochronological investigation of the roof (Vecchione 1990). This revealed re-
used timbers which date to the first few decades of the 13th century, 

• the frescoes on the pillars of the central section of the nave (Figure 5.1, phase 1), which 
are tentatively dated to the early 13th century (Ericani 2004; 2008; Claut 2006). 

Based on this evidence, the Greek-cross structure seems very likely to date to the 
early decades of the 13th century. It is therefore only after this second phase that 
the sanctuary was struck by a major earthquake which caused severe damage. The 
evidence for this is as follows (Figure 5.1, phase 3): 

• marked detachments from the side walls and rotation/overturning of the two 
opposing facades of the transept (Figure 5.4), 

• shear damage in the southern bell tower and widespread fractures on the northern 
bell tower, in particular in those areas that originally stood high above the main 
body of the church. These cracks are typically caused by a shear and bending stress 
which is attributable to the discordant oscillation of the bell towers in relation 
to the main body of the building. This oscillation was probably accompanied by 
partial collapses of the upper portions of the bell towers, which were demolished 
by the 15th century (Figure 5.1, phase 4), 

• damage and partial failures of the north-west corner of the church. 

Minor cracks can also be seen in the intramural ambulatory of the martyrium. It is 
not possible, however, to detect any traces of seismic damage on those parts of the 
building which have been covered over with plaster at some point. The repairs carried 
out in the aftermath of the earthquake appear to have been very limited and poor in 
quality. Only the western walls of the transept were summarily repaired by partially 
replacing any damaged masonry. No efforts were made to mitigate against future 
seismic hazards, such as the installation of wooden or metal chains or stone keys 
across the fractures or buttresses. There were probably other superficial repairs, but 
unfortunately these cannot now be seen because of extensive recent restoration. A few 
historical photos discussed below do provide some useful further evidence. The limited 
interventions may be due to the period of impoverishment and demographic crisis that 
followed the Black Death and affected Veneto and the Feltrino in AD 1348 (and note 
Winchester case study in the catalogue, Chapter 19). Nevertheless, the church was 
re-consecrated in 1389,2 a moment which is usually associated with significant new 
works or modifications. Interestingly, post-disaster repairs also display later seismic 
damage (Figure 5.4C),3 demonstrating that the complex was struck by a second seismic 
event at some point after the restoration of the church was completed. 

A fourth construction phase began when the sanctuary was assigned to the Fiesolani 
ministers (in AD 1494),4 and major restoration works were carried out during their 
rectorate (Coden 1997, 64). During this period, the side walls of the church were 
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raised up to the Greek-cross level, the tympanums of the transept were demolished 
along with upper storey of the bell towers, and a pitched roof was added (Figure 5.1, 
phase 4). A cloister was built against the southern side of the church, incorporating 
pre-existing structures and leaning against the tilted church wall. A new bell tower was 
also added against the north-west corner of the church near to the west gate (Alpago 
Novello 1974; Claut 1994). 

In the 19th century, the complex underwent further modifications when a semi-
circular sacristy was added to the east front of the church. Finally, between the 1920s 
and 1930s, the interior stuccoes and Baroque decorations of the church were removed 
to reveal the medieval decorations, which were subsequently extensively restored. 

Validating the seismic origin of a damage pattern 

To validate the seismic origin of the observable damage requires two leaps of logic: 
the exclusion of other explanations for the damage (such as foundation failure, land-
slide, explosion, wind, swinging bells causing oscillations to the bell towers, etc) and 
confirmation that the observable damage is consistent with seismic loads—the latter 
is accomplished by identifying specific, recognisable criteria within the structure. In 
Figure 5.2, we summarise 18 of these criteria which can be used to confirm whether or 
not the identified damage arose as a result of ancient seismic activity. 

Based on the number of criteria applicable to a given structure, different degrees of 
probability can be calculated to suggest whether or not specific damage patterns were 
caused by seismic activity. When these validation criteria are applied to the church 

Code Description 
A  Presence of damage due to horizontal stress 
A1 Diagonal cracks due to shear force 
A1a  Crossed cracks with ‘X’ configuration 
A1b  Cracks due to shear force with horizontal translation of the joints 
A2 Overturning mechanism of external walls 
A2a  Horizontal hinge compressed outwards and stretched inwards and placed at a higher level 
B  Symmetrical damage pattern on at least one axis of the building 
C  Heavy damage that exceed the minimum damage threshold 
D1 Local cracks in correspondence with a structural hinge (ashlar masonry) 
D2 Horizontal cracks in correspondence with a structural hinge (stone-and-brick masonry) 
D3 Widespread fractures in the arch’s ashlars 
E1 Damage sealed by a subsequent construction phase 
E2 Raised part built upon previous structural displacement 
E3 Interruption of the crack pattern 
E4 The sealed stratigraphic unit does not display further damage 
F  Compatibility with damage caused by recent earthquakes on similar buildings 
G  Justified absence of cracks on other coeval parts of the building 
H  Similar evidence on coeval structures from the same region 

Figure 5.2 Criteria for the recognition of stratified earthquake damage 
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ARCHITECTURE AND EARTHQUAKES IN ITALY 

Figure 5.3 The north-west facade and section of the church of Santi Vittore e Corona, Italy 
(© Margherita Ganz) 

of Santi Vittore e Corona, for example, the damage suffered by the earliest building 
(Figure 5.1, phase 1) cannot be definitively attributed to a seismic event and, for the 
following reasons, this must remain hypothetical: 

• neither a static cause such as foundation failure nor a subsequent seismic event can 
be confidently ruled out, 

• possible (but not definite) seismic effects are only found in later restorations 
(Figure 5.3), 

• phases of destruction and reconstruction appear to be concentrated in one part 
of the building, failing to fulfil requirements for a symmetrical and homogeneous 
distribution of damage (Figure 5.2, parameter B), 

• the remaining criteria are not sufficiently verified. 

Regarding the damage (Figure 5.4) affecting the Greek-cross structure, we note that 
the cracks on the transept fronts: 

• both display horizontal translation or slippage of the joints (Figure 5.2, parameter 
A1b), 

• are related to the activation and development of an overturning mechanism, with a 
hinge close to the point at which the wall thickness is reduced (Figure 5.2, param-
eter A2a), 

• are roughly opposite and symmetrical (Figure 5.2, parameter B), 
• have laminating effects on the lower external face of the Romanesque masonry. 

This is a possible effect of the horizontal hinge that triggered the overturning of 
the transept facades (Figure 5.2, parameter D1), 
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WAITING FOR THE END OF THE WORLD? 

Figure 5.4 Damage on the south (A) and north (B) walls of the transept of the church of Santi 
Vittore e Corona, Italy. The crack on the left (image C) has broken the rebuilt section 
of wall reaching an earlier fracture; this is a typical feature detectable in structures 
affected by multiple seismic events (© Margherita Ganz) 

• in different ways both constitute damage which is later sealed (the marked tilting of 
the southern facade [over 20 cm] does not affect the double porticoes cloister built 
in 1494, while, on the northern facade, a large part of masonry reconstruction does 
not seem to have been damaged by subsequent events) (Figure 5.2, parameter E1), 

• can be compared with damage and mechanisms in similar buildings caused by 
more recent earthquakes (Figure 5.2, parameter F). 

Finally, the cracks (Figure 5.5) observed on the surviving parts of the ancient bell towers: 

• both present horizontal translation or slippage of the joints (Figure 5.2, parameter 
A1b), 

• are both related to the activation and development of typical shear and bending 
stress (Figure 5.2, parameter A) and they are attributable to the discordant oscil-
lation of the bell towers in relation to the main body of the building. These cracks 
may be considered sealed damage (Figure 5.2, parameter E1) because this configu-
ration is only possible while the high bell towers were standing (ie phase 2), 

• are substantially opposite and symmetrical (Figure 5.2, parameter B) even if there 
is a significant difference. In fact, on the southern bell tower, seismic action inter-
acted with an old construction phase which represents a weak point in the overall 
structural behaviour, so the crack pattern for this facade consists only of a single 
diagonal split (Figure 5.5B), while on the northern bell tower the crack pattern is 
indicated by multiple minor cracks (Figure 5.5A). 

Dating seismic events and comparisons with seismic catalogues 

The research presented here aims to examine the sequence of destruction and pur-
posely avoids associating the crack pattern with any specific seismic event(s). Only 
after validating the seismic origin of the observed damage were attempts made to 
ascribe the observed damage to one or more known seismic event(s). 
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ARCHITECTURE AND EARTHQUAKES IN ITALY 

Figure 5.5 Cracks on the surviving parts of the ancient bell towers of the church of Santi Vittore 
e Corona, Italy (© Margherita Ganz) 

Available seismic catalogues (Guidoboni et al 2018) record two damaging seismic 
events in the area contemporary with the construction and occupation phases of the 
sanctuary. These are the Treviso earthquake of 1268 and the Belluno earthquake of 
1405 (Guidoboni et al 2018). In addition, between these two events, the 1348 Carinthia 
earthquake occurred (Guidoboni and Comastri 2005, 403–434; and see Chapter 19). 
Although there are no data relating to the impact of this earthquake on the city of 
Feltre, it is very likely that damage was also felt here.5 Therefore, it is possible that the 
complex suffered seismic damage as a result of earthquakes in 1268, 1348 and 1405. 
Further uncatalogued events cannot be ruled out. 

As stated above, the cause of the damage affecting the northern facade of the 
church is uncertain. Given that the earliest phase of the church dates to no earlier than 
AD 1096 and was completed during the 12th century, any potential seismic event 
must have occurred during this window. If such an event did occur, it is currently not 
included among the available seismic catalogues. 

From the architectural evidence, it is clear that a strong seismic event struck the church 
during its Greek-cross phase, between the early 13th century and the construction of 
the double porticoed cloister after 1496. There are two main phases of fresco painting 
during this time. One is found on the walls of the northern semi-transept depicting the 
Passion of the Saints Vittore and Corona (Coden 2004), which has been roughly dated 
to a period between the 1340s (Coden 1997; Ericani 2004; 2008) and about 1360 
(D’Arcais 1966; Lucco 1986). The second group of frescoes, found on the wall of the 
martyrium, depicts the Fathers of the Church (Minella 2000) and is thought to date to 
a slightly later period (D’Arcais 1966; Ericani 2004; 2008), probably being prepared for 
the visit of Emperor Charles IV to the sanctuary in 1354 (Doriguzzi 1984). The dating 
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of these frescoes is based on stylistic analysis, and the restricted chronological sequence 
this provides is not detailed enough to discriminate the damaging events which affected 
the church with any certainty. Nevertheless, in historic photographs taken before their 
restoration, both groups of frescoes display seismic damage comparable to that observed 
in the external facade of the transept, thus providing a general terminus post quem for 
the occurrence of the earthquake(s). On that basis, it is possible to confirm that the two 
earthquakes which affected the church must have occurred between 1340 (the earliest 
date for the frescoes in the northern semi-transept) and 1496 (when the cloister was 
constructed which sealed the tilted southern wall of the church). A likely hypothesis is 
that San Vittore was first affected by the strong 1348 Carinthia earthquake and later, 
after some substantial restoration had already been carried out, by the seismic event 
which occurred in 1405, which had a much more localised impact. The renovation of 
the complex which took place during the second half of the 14th century, represented 
by the re-consecration of the church in 1389, could therefore be interpreted as evidence 
for post-disaster restoration in the aftermath of the 1348 seismic event. If the damage 
observed in a number of structures throughout the complex was the result of the 1348 
earthquake, this evidence enhances our knowledge of the impact of this seismic event, 
for which, due to the paucity of written records, no affected sites were previously known 
in the Venetian Dolomites. 

Archaeometric research targeting, for example the dating of the different mortars used 
within the structure, would help improve the resolution of the structure’s chronology. On 
the architectural side, quantitative analysis of failure mechanisms (Acito et al 2014) could 
enable estimations of the forces that produced them. On the other hand, it is worth noting 
that archaeseismological research is most effective if carried out at a regional scale and by 
expanding investigations to medieval buildings located in the wider locality in order to 
examine the spatial distribution of other, possibly contemporary, archaeoseismological 
evidence in the wider Feltre area. This is the strategy favoured by the research conducted 
in Mugello which is discussed in the following section. It remains a possibility, however, 
that the sanctuary could be the only surviving piece of structural evidence relating to the 
seismic history of Feltre during the medieval period. If this is the case, it only serves to 
highlight the significance of this structure and the need to conduct further analysis. 

ARCHAEOSEISMOLOGICAL RESEARCH IN THE 
MUGELLO DISTRICT, FLORENCE 

The Mugello district in the Tuscan Apennines is characterised by a medium-high seis-
mic risk. The region was densely inhabited during the Middle Ages, and well preserved 
historical buildings, for the most part religious ones, are spread across the area. A 
seismological database created by the Istituto Nazionale di Geofisica e Vulcanologia 
(Guidoboni et al 2018; Locati et al 2016; Rovida et al 2016) provides an outline of 
the seismic history of the region. The earliest seismic event known to have occurred 
struck in 1542 and was an earthquake of high intensity (intensity Io=IX MCS). In the 
following centuries, earthquakes of medium-high intensity (from intensity Io VII to IX 
MCS) are recorded at regular intervals with epicentres located between the two towns 
of Scarperia and Borgo San Lorenzo. The most powerful recorded earthquake in the 
region occurred in June 1919, with an estimated intensity Io=X MCS. 
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The research 

Using bibliographic and archival material, the first step in this research focused on 
the geological, geomorphological, seismic, historical and seismological characterisa-
tion of the Mugello region. As far as past seismicity is concerned, the historical and 
bibliographic sources are rich in evidence, especially relating to the modern and con-
temporary history of the area. In some cases, the documents are direct reports of what 
happened, while others are transcriptions of orally transmitted stories. The most sig-
nificant contribution to this research was provided by catalogues of past earthquakes, 
in particular the collections of Bonito, Giovannozzi and Baratta6 and those included in 
macro-seismic catalogues (Guidoboni et al 2018). Information provided by medieval 
written sources is obviously patchy, ranging from a simple record of the year and the 
place of the seismic event to an exhaustive report documenting the damage suffered 
by individual buildings. Measures adopted by central authorities to deal with seismic 
events are also often reported, while other reactions such as processions, rites or the 
giving of alms which were carried out in the aftermath of seismic events can be con-
sidered (Arrighetti 2015). 

Following this preliminary analysis of the historical and natural context, a 
systematic survey of the study area was undertaken. This fieldwork aimed to identify 
the most representative samples: 13 buildings were selected on the basis of the 
survival of their facades, which allowed the stratigraphy of the structures to be read, 
including any structural discontinuities and repairs. This sample of buildings was then 
analysed stratigraphically to provide an archaeoseismological interpretation of the 
visible evidence. Specifically in the case of architectural complexes, the stratigraphic 
reading of each structure focused on groups or ‘swarms’ of construction activities. 
For the purposes of this project, a complete stratigraphic reading of each building 
was not necessary; analysis focused on the identification of the main interventions 
(whether human or natural) which highlighted the transformations which had affected 
the buildings over time (Figure 5.6). Stratigraphic analysis was also accompanied 
by the compilation of a Harris Matrix ordered according to the construction phases 
and different activities. This proved to be an extremely useful tool to conceptualise, 
chronologically, the different interventions identified and relate them to seismic events 
that had affected the region over time. 

Once each target had been identified, surveyed and catalogued with photographs 
and notes, the 13 buildings were recorded with photogrammetry and laser scanners. 
On the one hand, the digital survey of each architectural context is necessary to obtain 
a precise 3D model on which the data acquired in the field can be recorded; on the 
other, this also helps to quantify any structural damage of seismic origin and associate 
it with the stratigraphy of the structure (Arrighetti 2019). The characterisation and, 
where possible, phasing of the damage along with later interventions plays a funda-
mental role here and allows the evidence to be categorised as follows: 

• earthquake damage: any mechanism attributable to seismic stress has been cata-
logued and documented with photographs and a description of the damage along 
with some suggested dates, 

• prevention, mitigation and restoration solutions: interventions carried out 
in buildings which aimed to prevent or repair specific damage (Figure 5.7). In 
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Figure 5.6 The facade of the church of Sant’Agata del Mugello, Florence (Italy). Orthophotos 
with stratigraphic sequence of the construction activities. The grey lines show the 
pattern of cracks (© Andrea Arrighetti) 

most cases these represent precise phases of construction which can be defined 
chronologically and typologically through stratigraphic analysis and sometimes 
supported by written sources. 

After archaeoseismological analysis of the visible elevations has been completed and 
the relative chronology of identified phases has been determined, the results are then 
compared to data obtained from an analysis of the historical sources (Arrighetti 2016). 
Finally, the chronology of the different phases of construction/transformation of the 
various buildings is brought together and discussed at a regional level. 

Archaeoseismological results from the Mugello case studies 

The information provided by the archaeoseismological analysis of Mugello’s architectural 
heritage enriches our knowledge of this region from both an historical-archaeological 
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Figure 5.7 Chain in Alberese (limestone) stone on an inner wall of the bell tower of the San 
Lorenzo church in Borgo San Lorenzo, Florence (Italy). The chain interlocks the two 
halves of a seismic crack (© Andrea Arrighetti) 

and a seismological perspective. With regards to the seismological results, it is possible 
to summarise the most important outcomes in two categories: a proposed chrono-
typological atlas of seismic protection systems, and the identification of a probable 
earthquake not included in current seismological databases. 

A chrono-typological atlas of seismic protection systems in the Mugello district 

The chrono-typological atlas of seismic protection solutions is a tool that defines typo-
logical groups of elements used to prevent, mitigate or repair earthquake damage within 
a chronological period. This tool is derived from comparisons between elements with 
common characteristics in order to create a typology of anti-seismic solutions within a 
certain period. The results of this research highlight the following forms of mitigation: 

• chains (1263 to post-1960, 26 examples identified), 
• elimination of porticoes (1606 to mid-18th century, 4 examples identified), 
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• wooden cages inserted ex novo within walls in the top portions of bell towers 
(1542 to 1611, 2 examples identified), 

• cladding of spaces (since 1263, 15 examples identified), 
• buttresses (before 1542 to 1611, 3 examples identified), 
• construction of pillars in the naves (before the 17th century, 2 examples identified). 

The results provide a chrono-typological atlas of ‘anti-seismic measures’ for the 
Mugello region which has been characterised and ordered by chronological period 
(Figure 5.8). Among all the elements included in the atlas, tie-rods are the category 
which most clearly relate to post-seismic repairs (see also Forlin, Chapter 2), testifying 
to construction workers’ understanding of the need to carry out repairs necessitated by 
earthquakes in the Mugello region from the Middle Ages to the present day. In order 
to mitigate earthquake effects such as tilting, bulging masonry and structural collapse, 
chains of different materials (wood, stone and iron) had been employed in most of the 
buildings analysed. In particular, one type of tie-rod called a radiciamento (Lagomarsino 
2009), a horizontal wooden element, was inserted within the walls during building 
construction. It is worth noting here that tie-rods are widely used throughout Italy 
in different periods, and that they were either included in masonry during the initial 
construction of the buildings or, in most cases, introduced after subsequent damage 
caused by earthquakes or other factors (Arrighetti and Minutoli 2018). 

In the Mugello district, out of a total of 26 identified examples of wooden or stone 
chains, 7 cannot be precisely dated, while 11 relate to building restorations in the 
period between 1542 and 1611. The only case in which the insertion of ties is docu-
mented comes from the church of Sant’Agata, near the city of Scarperia, where two 
wooden ties were inserted to give greater stability and elasticity to the belfry during 
restoration works which took place after the 1542 and 1609 earthquakes. 

As far as the material of the tie-rods is concerned, the transition from wood and 
Pietra Serena (sandstone) to Pietra Alberese (limestone) and iron occurred after the 
16th century and was most likely a result of local and chronological factors rather than 
any critical choice by the workers based on the different physical properties of the raw 
materials (Arrighetti 2016). 

Another typical element that testifies to the local seismic culture of the Mugello dis-
trict is the encircling wooden cages which were affixed to the top of some bell towers. 
By interlinking the four sides of the bell tower together, this provided both stability 
and elasticity during seismic stress. This anti-seismic system is documented between 
1542 and 1611 by a written source which refers to the bell tower of the church of 
Scarperia, while further confirmation comes from an analysis of the internal walls of 
the church bell tower at Borgo San Lorenzo. 

Traces of an unknown earthquake of the mid-13th century 

One issue that emerges through bringing together historical sources and evidence for 
damage and reconstruction identified through archaeoseismological analysis is the 
presence of unknown seismic events, that is, those earthquakes which are not listed 
in modern seismological databases. In the Mugello district, archaeological analysis 
highlighted architectural damage, phases of reconstruction and evidence for restorations 
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Figure 5.8 Chrono-typology of ‘anti-seismic measures’ in the Mugello area (Italy), showing 
calendar years AD (horizontal axis) and anti-seismic measures (vertical axis). The 
horizontal bars indicate when anti-seismic solutions were in use (with continuous 
lines for definitive chronological evidence and dashed lines for relative dating). 
Vertical dashed lines mark the seismic events known to have occurred locally 
(© Andrea Arrighetti) 

dating from the 13th century, with a particular concentration of evidence dating to AD 
1250. The co-existence of several factors such as (i) extensive restorations following 
severe damage (at the church of Sant’Agata, the church of Borgo San Lorenzo, the 
church of San Francesco in Borgo and the church of San Bonaventura del Bosco ai 
Frati); (ii) evidence for some types of damage attributable to seismic loads (at the church 
of San Gavino Adimari, the church of San Francesco in Borgo); and (iii) written and 
epigraphic sources testifying to structural interventions and re-consecrations at some 
religious buildings (the churches of Borgo San Lorenzo, San Gavino Adimari, and San 
Francesco in Borgo), suggest that an unknown ancient earthquake, of medium-high 
intensity, occurred during the middle of the 13th century. 

So far, only one written document is known which relates to a possible seismic 
event at this date; the historian Chini refers to an earthquake in his Storia Antica 
e Moderna del Mugello in connection with a chapel that originally existed near the 
Monte Scenario, now located in the town of Vaglia. He reports that ‘the original 
chapel built by the seven founders was ruined by the earthquakes of 1250, and was 
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later rebuilt in 1418 by the noble family of the Stufa, and stayed standing until the 
1542 earthquake’.7 

Mapping the data relating to damaged buildings obtained from archaeoseismo-
logical analysis and written sources, it emerges that most of the buildings affected by 
the hypothetical 13th-century earthquake, with the only exception being the church 
of Sant’Agata, lie along a line running from north-west to south-east in the area 
of the Mugello. Comparing the fault that crosses the Mugello territory mapped by 
the seismogenic sources database DISS 3.18 reveals that the location of the fault is 
consistent with this line of damaged churches. This suggests that in a medium-high-
risk territory where earthquakes are frequent, uncatalogued seismic events can be 
identified relatively easily. The present study suggests that archaeology can be of 
considerable value when reconstructing a region’s historic seismicity and can shed 
new light on known earthquakes which have occurred in a region as well as identify 
events which occurred during periods for which documentary evidence is poor or 
non-existent. 

ARCHAEOSEISMOLOGICAL RESEARCH IN 
ARCHITECTURAL CONTEXTS 

The underlying concept of archaeoseismological research is that strong earthquakes 
leave traces in the buildings they affect. When it is possible to identify these effects, 
these structural clues become material records of past seismicity. Two factors 
facilitate archaeoseismological research in architectural contexts: the application of 
archaeological methods to the study of standing buildings—for example, stratigraphic 
analysis—and the occurrence of high-magnitude earthquakes in recent times, allowing 
architects and engineers the opportunity to study the behaviour of historical structures 
affected by seismic stress (Doglioni et al 1994; Doglioni 1998; Cangi 2009). 

The studies presented above have, in the main, the same purpose as traditional 
archaeoseismological research (Ambraseys 1971; Galadini et al 2006; Guidoboni et 
al 2002; Karcz and Kafri 1978; Noller 2001; Santoro and Bianchi 1996) and are best 
thought of as an extension of the analysis of archaeological sites to standing buildings. 
But what is the boundary between traditional and more innovative approaches to 
archaeoseismology? Rather than chronology or typology, it is the state of preservation 
of a structure which determines the appropriate methodology. Standard archaeologi-
cal techniques are applicable only if the structure or remains are in a ‘fossilised’ con-
dition whilst standing-building analysis is applicable to structures which continue to 
undergo human-induced activity. 

Investigations of this nature often allow the chronological period for which 
seismological data exist in a region to be extended beyond the threshold of instrumental 
seismology in the late 19th century.9 This is particularly true for areas with few 
written records or archaeological remains (Caputo and Helly 2008). Secondly, an 
in-depth analysis of built heritage in a seismic area allows a deeper understanding of 
its structural behaviour under seismic stress. More suitable anti-seismic measures can 
therefore be found to reduce the vulnerability of structures. In some cases, buildings 
provide tangible evidence for the development of a ‘local seismic culture’ which is, in 
some cases, identifiable in the adoption of practical anti-seismic solutions. 
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Finally, research which aims to model and verify damage patterns in masonry 
structures has recently been conducted (Galassi and Paradiso 2014; Modena et al 
2009), in some cases in archaeological contexts (Hinzen et al 2011, with bibliography 
discussed there) or in contemporary post-seismic situations (Acito et al 2014). The 
main problem in modelling how ancient buildings are affected by an earthquake is the 
great uncertainties when estimating the mechanical characteristics of historic building 
materials. If such uncertainties could be overcome, then it would be possible to derive 
quantitative estimates of the forces produced by a past earthquake from observable 
damage alone. In order to minimise these uncertainties, contexts affected by recent 
earthquakes, in which more data are available, should be investigated. Obviously, the 
further we go back in time, the more errors in modelling are likely to occur. 

CONCLUSION 

Archaeoseismological research in architectural contexts is time consuming. Not only is 
seismic damage sometimes not clearly visible, but it will also be linked to the chronol-
ogy and biography of a structure, so that archival research is required in addition to 
field survey. Construction phases, modifications and interventions must all be identi-
fied if a building’s current configuration is to be understood. It is also worth remem-
bering that buildings may still be in use, so researchers have to rely on sometimes 
limited access and availability of users, owners and institutions. 

If the seismic origin of cracks in buildings is to be demonstrated, then it is 
not enough merely to identify them. Any observable structural defects must be 
coherent with seismic loads and other possible explanations for the damage (such 
as foundation failure, landslide, explosion, wind, bell oscillation) must be excluded. 
This is particularly challenging when the evidence is obscured by later restorations 
or alterations. The evidence recorded on the north-west facade of the church of Santi 
Vittore e Corona (Figure 5.3) is certainly compatible with seismic action but, in the 
absence of further information, neither foundation failure nor another cause for the 
damage can be confidently ruled out. Where restoration is undertaken, the restorer 
should be prepared to recognise seismic damage. Ancient seismic damage is both a 
weak structural element that must be secured as well as a useful source of data on past 
seismicity that must be preserved. Only through conscious intervention is it possible 
to conserve these vulnerable elements without erasing historical data. In the case of 
the sanctuary of the church of Santi Vittore e Corona, the research benefited from the 
survival of historic photographs recording the original state of the structure before 
restorations were carried out.10 

As we have seen in this chapter, there are also issues of dating. By constructing 
a stratigraphic sequence, it may be possible to date observable damage relatively— 
although the accuracy of this will depend on how many markers ante quem or post 
quem can be found. Archaeometric methods, such as dendrochronology, radiometric 
dating and Optically Stimulated Luminescence dating, offer the potential to provide 
more accurate dating in certain contexts (Bailiff 2007), although they are not always 
feasible due to the difficulty in finding a sufficient quantity and quality of the raw 
materials required. Some may argue that the economic costs of this type of research 
are unjustifiable. As the case studies above illustrate, however, standing buildings 
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and architectural heritage can make a significant contribution to archaeoseismology. 
Extensive analysis of historical built heritage offers fresh results that may change 
our understanding of a region’s seismic history and help us understand how people 
responded to these challenges. In our view, archaeoseismological research should 
never be limited to the study of sites that are abandoned or ruined but should take an 
active role in planning and designing how best to investigate, understand and conserve 
surviving architectural heritage in seismic areas. 
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NOTES 
1 Due to possible incongruities introduced by the later copy, some scholars suggest that 1101 

should be read as 1106 or 1111 (Dal Zotto 1951). 
2 Archivio Vescovile di Feltre, Acta del vescovo A. De Nasseriis, volume 1.B, p 119, f 229. 
3 Later damage tends to highlight existing weaknesses in structures. For ancient buildings in 

areas of high seismic risk, it is not unusual for earthquakes to re-open older seismic cracks. 
4 After a period of mismanagement of the sanctuary by the clergy ministries, during the 15th 

century the Community of Feltre tried to establish a new community of friars in order to 
ensure the cult and the maintenance of the church. In 1489, the church became the property 
of Francesco Valier, a Fiesolan minister in Santa Maria delle Grazie in Venice, who rented it 
to the Community of Feltre. Finally, in 1494, the sanctuary was entrusted to the Augustinian 
congregation of the Hermits of San Girolamo, who received authorisation from Pope 
Alexander VI to build a monastery there (una domun pro fratibus cum campanili umili, 
campana, claustro, dormitorio, refectorio, hortis, hortalitiis et aliis nec. off) (Cambruzzi 
1874, 98–99; Alpago Novello 1974, 29). 

5 Trento, some 90 km east of Feltre and therefore much further from the epicentre around 
the Austrian town of Villach, experienced widespread damage (Io=7), which resulted in the 
collapse of a number of buildings. 

6 Marcello Bonito (17th century), Giovanni Giovannozzi (1860–1928) and Mario Baratta 
(1868–1935) are some of the major Italian ante litteram seismologists. 
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7 La prima cappella edificata da’ sette fondatori rovinò per i terremoti del 1250, fu rifab-
bricata nel 1418 dalla nobil famiglia dei Della Stufa, e stette in piedi fino al terremoto del 
1542… (Chini 1875, libro IV, vol II, 71). 

8 http://diss.rm.ingv.it/diss/ 
9 Clearly the time frame could be extended even further, but as instrumental data become 

available, then the benefits offered by archaeoseismological analysis of standing buildings 
are fewer. 

10 Photographs can be a helpful tool for archaeoseismological studies but may be affected by 
issues such as lighting conditions. 
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