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Albert J. Ammerman

The Mound at the Temple of Athena at
Paestum: The first five Steps in the Research
Design

The article represents an extension of the chapter entitled “New light on the temple of Athens: reshaping the landscape” for the exhibition and catalogued called Poseidonia Città d’Acqua, which opened
at Paestum in October of 2019. There emphasis was placed on presenting the substantive gains made in
the study of the large artificial mound at the site. Here the focus will shift to the design of the fieldwork,
which was carried out over five field seasons. The first part of the article reviews each of the steps in
the research design: (1) the GPR survey (August 2019), (2) the initial series of cores made by hand
(November 2017), (3) the first excavations (July 2018), (4) the series of ten deep, machine-made cores
(April 2019) and (5) the second excavations (June 2019). This is followed by a wider discussion of my
field experience on previous projects and then by the thinking that went into the individual steps in the
research design and that brought them together in a coherent way.

1. Introduction
In August of 2017, there was the chance to start a new cycle of fieldwork at the
site of the Doric temple that stands as the centerpiece of the north urban sanctuary
at Paestum. Throughout most of the 20th century, it continued to be traditionally
called the temple of Ceres; today it is commonly attributed to Athena. For fifty
years, there had been a hiatus in investigations there. It was at the invitation of
Gabriel Zuchtriegel, the Director of the Parco Archeologico di Paestum, that Rebecca Miller Ammerman began to assemble a team to return to the site. By July
of 2019, we had managed to complete five seasons of fieldwork, and this made it
possible for the first time to document the large artificial mound that covers an area
of some 2,000 square metres on the north, west and south sides of the temple (Fig.
1). In turn, this now helped to explain why the temple of Athena stood in a position above the other monuments in the center of the ancient city. In a first report,
“New light on the temple of Athena: reshaping the landscape,” we give an overview on the history of previous excavations at the site, on the methods used in our
investigation and on what we learned from the first two years of the project (Ammerman and Ammerman 2019). In the original Italian version of the catalogue for
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Fig. 1. Map showing
the location of the
north-south and
east-west transect
lines, trenches 1, 2,
5, and 6, the series
of machine-made
cores (101-110),
and several of the
cores made by hand
on the transect lines.
(M. Silani and M.
Holobosky)

the exhibition on Poseidonia Città d’Acqua (Zuchtriegel, Carter and Oddo 2019),
our chapter was called “Nuova luce sul tempio di Atena: trasformare il paesaggio.” It
will be recalled that our research design involved three complimentary lines of
fieldwork: (1) geophysical prospection based on ground penetrating radar (GPR),
(2) coring done in two different ways (first by hand using a Dutch soil auger and
then by machine-made cores taken down to much greater depths in the ground),
and (3) the excavation of four trenches dug in different places at the site (Fig. 1).
More will be said about each of them below. The aim of this short article is to focus
on the research design of the project and the ways in which we brought the three
lines of investigation together in an integrated approach.
By way of introduction, it is worth saying a few words about what Zuchtriegel had
in mind when he gave a green light to the new cycle of fieldwork at and around at
the temple of Athena. Since the 1950s and 1960s, the field of classical archaeology
has come a long way in terms of its methods as well as the basic conceptualization
of the study of a site. In short, his aim was to update the investigation of the site
where the temple stands. By applying new methods of research that were not in
use fifty years ago, there would be a good chance to obtain significant gains in new
knowledge about the site. In the case of previous excavations at the North Urban
Sanctuary, large numbers of finds of considerable interest (in particular, votive
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terracottas) had been recovered, but the documentation of their proveniences was
often poor (an obvious source of frustration for those archaeologists who tried to
classify and publish the votive materials in more recent years) and limited attention had been paid previously to the organization of the sanctuary in spatial terms.
Even at the most basic level, there were still open questions. For instance, while
there had long been an awareness that the temple of Athena stood in a prominent
position near the agora of the Greek city, it was still unclear whether this was due
to the nature of things (the occurrence of a natural hill there) or else to human design (an artificial mound). In short, Zuchtriegel believed that it was time to address
such questions. And in doing so, part of the plan would be for the archaeologists
working at a site to engage in a dialogue with those visiting the Parco Archeologico.
To put it another way, an archaeological park should be today more than just a
quiet resting place for monuments. It should be a more animated place where the
archaeologist is conducting fieldwork to gain a better understanding of the past.
Toward this end, there would be a poster on display at each of our trenches (Fig. 2),
which would include the name of the project (the North Urban Paestum Project
or NUPP in our case), the institutions involved in the research, and its aims. In
addition, the idea was for a member of our team each day to present on-site a short
talk on such things as the aims of the research, what was currently coming to light
at the site and the approach that we were taking to the work. When it was my
turn, I would outline the three steps in our fieldwork – prospection, coring and
excavation – and then point out the parallel with the same sequence in medicine
today: first scanning, next endoscopy and finally surgery on a small scale (if called
for). In terms of cultural heritage, archaeologists today would like to work in less
invasive ways than their predecessors.

7
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Fig. 2. View of
trenches 1 and 2 on
the west slope of the
mound (see Fig. 1 for
their locations on the
east-west transect).
Note the posters
attached to the
fences around both
trenches (photo A.J.
Ammerman)

In medicine and archaeology, such an approach is seen today as both more efficient and more comprehensive in scope than what was done before. One of the
challenges in both fields is, of course, the design and coordination in the sequence
of steps. In the case of archaeology, the weakest step at the present time is often the
endoscopic one -- coring. There are still comparatively few archaeologists with
experience in this line of investigation, since it calls for training in soil science
and geomorphology. On the other hand, a specialist who comes from the earth
sciences often lacks a good grasp of the archaeological questions at stake. And at
the organizational level, there is a further complication that arises in countries such
as Italy, Greece or Spain, whose systems for awarding archaeological permits do
not foresee the need for all three of these three steps in a given project (there are
different kinds of permits for an excavation, survey work, geophysical prospection
and coring). At Paestum, we managed to get around this bureaucratic bottleneck
since the matter of permits is now placed more directly in the hands of the person
who directs the park. Here it is worth adding that this article stems from a paper
given at the 38th International Mediterranean Survey Workshop held at Groningen in November of 2019. It was the first of four papers presented at the session on
Multi-Method Approaches – a topic of notable interest these days. Given by Albert
Ammerman, Federica Boschi, Enrico Giorgi and Michele Silani, the paper was
called “Reshaping the landscape: taking an integrated approach to fieldwork at the
temple of Athena (Paestum).” In other words, it was a case study that highlighted
what could learn at a major classical site by adopting a new research design involving the three lines of investigation mentioned above.

2. The Site at first Sight and the Members of the Team
When a person today visits the temple of Athena at Paestum, it is difficult to see the
site as a whole. This is due to a combination of factors as explained below. Most
archaeologists or others who visit the site are not cognizant of this state of affairs.
They are quite content to look at an impressive temple that has been standing
there for the last twenty-five centuries. If one takes stock of the situation more
attentively, what one finds is a site that is hemmed in by trees and fences today.
On the east side, there is, for example, a tall fence (together with a number of large
trees) that is located at a distance of 50 m from the temple’s eastern façade. This
security fence runs all along the road that delimits the east side of the park. On the
north side, there is another fence in combination with a row of tall trees standing
at a distance of 30 m from the north wall of the temple. In other words, it is almost
impossible to see the site from the north side. Turning to the west, one encounters
two groups of small trees at distances of respectively 20 m and 40 m from the
northwest corner of the temple. And behind them is yet another fence together
with a tall copse of canes at a distance of 70 m from the temple’s western façade.
In addition at a distance of 30 m from the southwest corner of the temple, there is
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a large maritime pine tree that further obstructs looking at the site from the west.
The only side that offers a good line of sight at a good distance is the southern one.
But it too is compromised by the maritime pine tree mentioned above as well as
by two other large trees standing some 40 m south of the temple’s southeast corner
(Fig. 3). For most of the day, the three tall pine trees cast long dark shadows over
the area on the south side of the temple making it difficult to read the relief there
In this context, it should not come as a surprise that the question of whether the
temple rests on a natural hill or else an artificial mound drew so little attention in
the last thirty years. It was, in some ways, simply a matter of visibility. It was only
in August of 2017, when the GPR coverage was taking place (Fig. 4) and I happened to sit at a table outside the Bar Museo for a coffee break, that I could finally
see in a clear way (guided by the horizontal bar at the top of the fence in Fig. 3)
that the temple stands on an artificial mound and that the best working hypothesis
for us to adopt was that it was created by design. Viewed in profile from a proper
distance, it did not look like a natural feature on a travertine plain. Even though
I had walked over the site a number of times, it was necessary to step back in order to recognize more clearly that what we were dealing with was a low artificial
mound. While I had been thinking about the idea for some time, there was finally

9
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Fig. 3. View of the
temple of Athens
from the southeast
(the Bar Museo)
showing the shape of
the artificial mound.
Note the horizontal
bar at the top of
the fence and the
large pine trees that
obscure the view
of the temple and
mound from the
south side. (photo A.
J. Ammerman)

Fig. 4. View of the
prospection survey
done by Federica Boschi and Michele Silani; the method used
is ground penetrating
radar (GPR). (photo
R.M. Ammerman)

the chance to “see” it with my own eyes. This was one of those moments of recognition that the archaeologist lives for. In most cases, one has to spend much
more time in the field doing survey work to find the site of particular interest. In
our case, the temple has been well known to scholars in Europe since the time of
the celebrated veduta of the temple produced by Giambattista Piranesi and his son
in the late 18th century. On the other hand, it seems to show no awareness of the
mound itself. In our rare case in the field of archaeology where the discovery of
a site was made well before our time, there is the irony that the research question
to address came into focus by taking a coffee break. Now we could turn our full
attention to developing a good strategy to study the size of the mound and how
it was built.
As mention before, and the aim of this article is to say more about how the five seasons of fieldwork fit together. Of no less importance for an archaeological project
is the team that implements a research design. At this point, a few brief words
need to be said, by way of introduction, about the members of our team and their
contributions. The director of the project is Rebecca Miller Ammerman at Colgate
University (for her previous work at Paestum and bibliography, see Ammerman
2002; Ammerman and Cipriani 1997); her three main tasks were (1) to deal with
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all official matters, (2) to organize, supervise and coordinate the study of the archaeological materials recovered from the fieldwork, and (3) to provide guidance
on the goals, documentation and publication of the project as a whole. The person
taking the lead in the development of the research design and the work done in the
field was Albert J. Ammerman at Colgate University. His three main tasks were (1)
the organization of the fieldwork including it logistics, (2) the supervision of the
coring and excavations, and (3) the coordination of environmental studies done
as part of the project. Jay Noller at Oregon State University took the lead in the
environmental studies; his fields of specialization are soil science, geomorphology
and coastal geology. Three scholars at the University of Bologna, who have often worked together before, likewise made valuable contributions to the project.
They are respectively (1) Federica Boschi, a specialist in geo-physical prospect, (2)
Michele Silani with a specialization in ancient topography, and (3) Enrico Giorgi,
who did laser scans of the temple and took the lead in representing the University
of Bologna in our official collaboration. In addition, those working on the team
in 2018 and 2019 included three graduate students from the University of Venice
(Elenora Delpozzo, Damiano Paris and Pier Giorgio Sovernigo), a photographer
from Colgate University (Michael Holobosky) and a pottery specialist (Massimo
Barretta). Finally, students from three universities (Colgate, Bologna and Venice)
participated in the excavations.

3. GPS Survey: August 2017
The first season of fieldwork involved prospection by means of ground penetrating radar of the whole open area shown in Fig. 1, which amounts to just over 1
hectare. To our knowledge, no other survey of this kind has attempted to cover
the space on all four side of the temple of Athena before. In Europe, it is now common for a new project in archaeology to begin with a non-destructive method of
prospection such as magnetometry, electrical resistance and ground penetrating
radar in order to learn more about the structures buried in the ground over the
site as a whole. We had the good fortune to work with Federica Boschi, a leading
figure in this type of research in Italy (Boschi 2016), as part of our collaboration
with the University of Bologna. Michele Silani, who has extensive GIS experience,
assisted her in the field (Fig. 4). It was based on Boschi’s advice that the method of
GPR was selected. She also did the elaboration of the GPR data and the interpretation of the resulting radiogram imagery across the site. In retrospect, this was a
new kind of site for her. She was used to working at sites of classical age where the
patterns that one expects to encounter are rectilinear ones (roads and walls) and
not a mound of large size with a more organic shape. Of particular interest was
the question of whether or not the GPR survey could recognize the edges of the
mound. A year later during the course of the first excavation season, we were able
to document one of its edges, including its depth in the ground, on the east side of
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trench 1 (more on this below), and this is just what one can see, in retrospect, on
the GPR imagery (Fig. 5). In some cases, it may take time and patience to come
up with such a result. But this is what research is all about. Normally, prospection
gives rise to the recognition of a buried structure, and the archaeologist then confirms the interpretation by means of excavation. In our case, the story happens to
run the other way around.

Fig. 5. Four GPR
images of the area on
the east side of trench
1. They are at depths
in the ground of
respectively 40, 80,
100 and 120 cm. At
100 cm, the western
edge of the mound is
documented (images
produced by F.
Boschi).

4. Coring by Hand the east-west Transect: November 2017.
The second step in the fieldwork involved making cores to gain local knowledge
about such things as the soils, the stratigraphic sequences and the position of the
top of the bedrock in different parts of the site. Again, this line of investigation,
like endoscopy in modern medicine, offers a more or less non-invasive way of
obtaining firsthand knowledge about the nature of a site. The purpose of the coring was threefold: (1) the “ground truthing” of the GPR survey (check on the
relationship between the prospection imagery and what occurs in the ground), (2)
developing a local knowledge of soils and stratigraphy at different points on the
landscape, and (3) working out the best places to make the first excavations. The
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work was carried out by Ammerman in collaboration with Noller, a soil specialist,
and Silani, a specialist in ancient topography, who documented the positions and
elevations of the respective core by means of a total station and also differential
GPS. The cores were made by hand with a Dutch soil augur, using a range of
different bits. Each core was taken down in a series of entries with the depth of
each “cut” recorded on a form, where the various soils recovered were described
as well. Samples were also taken of the different soils in a given core for further
study at a later time. As part of the research design, a number of the cores were
made along the line of the east-west transect on the south side of the temple (see
Fig. 1), so that we could trace the profiles of such things as the top of the mound,
its base and the top of the underlying travertine bedrock. In the case of core 3 on
the transect near the southwest corner of the temple, we started by going down
through a sequence of upper stratigraphic units, including the soil (tephra) of the
AD 79 eruption of Vesuvius down to the top of the mound at a depth of 78 cm in
the ground. Then, with considerable effort (Fig. 6), we continued down through
its rocks until the core was eventually blocked by a mass of travertine at a depth of
170 cm. In making plans for the third field season, this was clearly just the kind of
place we were looking for.

5. First Excavations: July 2018.
This brings us to the third step in the fieldwork: the excavation of the first two
trenches (1 and 2) located to the west of the southwest corner of the temple and
placed near each other on the east-west transect (Figs. 1-2). In the limited space
available here, the plan is to mention only a few aspects of the work that we did at
them (for more on the results of the third season, see Ammerman and Ammerman
2019: 57-58). For our present purposes, what are of chief interest are the considerations that led to the apt choice of these two places to excavate at the site. In
the case of trench 1, its east side occurs, as we had planned, at the western edge
of the mound. In the case of trench 2, there was the chance to dig down through
the mound so that we could now document how it was built and also reach the
buried land surface just below the mound. For a first excavation season, the choice
of these two places, in combination with one another, could not have been better.
Only a few of the factors that entered into the decision-making process will be
mentioned briefly here. To start with, we wanted to avoid excavating too close
to the temple and the risk of working in places where Maiuri and Sestieri had
previously dug (the positions of their excavations are not well known; research on
where they might have dug has been undertaken by Longo 2017 and by Longo
and Pontrandolfo 2017). On the positive side, we knew from core 3 (mentioned in
the previous section) that this was definitely a place on the mound and that it had
not been excavated before (the tufaceous soil just above the mound, interpreted as
linked with the AD 79 event of Vesuvius, appears to be in situ). In addition we had
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a value for the elevation of the top of the mound there. Based on the other cores
made along the east-west transect line, there was also a good idea of the elevations
of the top of the travertine bedrock in this part of the site. And from my own “reading” of the GPR imagery, there was the chance to discern some change in its
patterns at a distance of around 25 m from the southwest corner of the temple. In
short, the strategy was to dig trench 2 on the mound (at core 3) and place trench 1
near its western edge. By placing the two trenches fairly close together, this would
facilitate the logistics of the third field season as well. In retrospect, while this was,
in effect, the single most challenging decision to make in the research design as a
whole, it turned out quite well. The excavation began in trench 1 where the team
was introduced to the site and the methods to be used in the excavation, and then
trench 2 was opened the following week.
In starting the new cycle of excavations, one of the aims was to be more systematic
in terms of recovery and in recording spatial contexts of artefact, since they had
been the weak suits of the previous digs that Maiuri and Sestieri had done at the
site. Toward this end, the provenience of artifacts would be recorded in terms of
their stratigraphy units and also their metre squares in a given trench. At the same
time, all of the soils excavated would be sieved at two mesh sizes (1 cm and 2 cm
respectively). In excavating the mound itself, we wished to avoid being selective
and thus set out to recover everything of any size, so that a quantitative approach
could be taken to its study. We soon found that the mound consists principally of
large travertine masses with smaller pieces of travertine rocks and modest amounts
of soil between them. Since all of the rocks of large size have irregular shapes and
none of them has a worked face, it is better to call them “masses” and not “blocks.”
We found no evidence that the masses were placed in regular courses or rows. On
the contrary, there was the impression at first glance that the masses were thrown
down in a rather disorderly way. Masses of large size and small size were often
found next to one another. Moreover, the masses are usually in direct contact with
one anther, as it was possible to show by recording the rock-chains in three of the
metre squares of trench 2. In a given rock-chain, one can trace the rock-to-rock
contacts between the masses (“clast-to-clast” in the language of the earth scientist)
from the mound’s top all of the way down to its base. In effect, soil plays a limited role in the basic structure of the mound. When it was first laid down, there
were many voids or gaps between the masses, and even today a few of them have
survived and they can still be seen in the lowest part of the mound in trench 2.
One of the main steps in documenting the excavation involved taking overhead
photographs of the base of each mound-excavation unit after its larger masses had
been exposed. Once the photographs were taken, elevations were recorded on the
tops of the masses as well as on the soil at their bases in a given mound unit. Then
each mass measuring 25 cm or more in length was collected individually, tagged
(with its trench, metre square and stratigraphic unit), measured, and then moved
to a storage area. In this way, there was the recovery of a total of 129 masses during
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the course of the excavation of trench 2 (Table 1). All in all, the third step in the
research design went essentially as planned.
Table 1. This table
gives the number of travertine
masses recovered
from a given meter
square and for each
mound-excavation
unit in trench 2.
Note that only in
meter-squares 1
and 4 did the excavation fully reach
the base of the
mound. (table by A.
Zaharoni)

6. The Series of Machine-made Cores: April 2019
Turning to the fourth season of fieldwork, we were now interested in obtaining
a broader picture of the mound’s layout in spatial terms and developing a better
knowledge of the underlying geology at the site . The advantage of a machinemade core over one made by hand is, of course, twofold: (1) the core can be taken down to a much greater depth in the ground, and (2) it can go through the
travertine masses in the artificial mound more easily. The plan for the fourth field
season was to drill a series of ten cores at different points around the temple (for
the location of cores 101-110, see Fig. 1). Figure 6 shows the work in progress at
core 109 on the south side of the temple. All of the cores were made with a bit that
measures 101 mm in diameter, and most of them were taken down to a depth of
10 m. Here the lead was taken by Albert Ammerman with his years of experience
in directing work of this kind in places such as the Forum of ancient Rome and
Piazza San Marco in Venice. Again, Jay Noller took part in this field season with
the task of describing the soils and studying the respective stratigraphic sequences.
In addition, he did most of the sampling of soils, sediments and rocks recovered in
the cores with the assistance of Sandra Donicci, a specialist in micro-palaeontology
at the CNR in Padua. Two graduate students from the University of Venice with
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Fig. 6. View of core
109 being made on
the south side of the
temple of Athena.
(photo A.J. Ammerman)

an active interest in geo-archaeology, Damiano Paris and Pier Giorgio Sovernigo,
also participated in the fieldwork.
In a given core, the main focus of our interest was in finding and documenting
the following five things: (1) the presence of the reddish-brown paleosol associated
with the AD 79 tephra (occurring in stratigraphic position above the mound), (2)
the elevation of the top of the mound, (3) the elevation of the base of the mound,
(4) the occurrence of a buried, anthropic paleosol immediately below the mound
and (5) the elevation of the top of the travertine bedrock. We had the good fortune
to find each of them in eight of the cores. The exceptions were cores 101 and 110
where the mound was not present. Both of these cores are located near the east
end of the temple where the elevation of the top of the bedrock is higher. Here it
is worth recalling that the second box of core 110 (from 5.00 m to 10.00 m depth)
was used in the exhibition, Poseidonia città d’acqua, as well as its catalogue (no. 2 on
p. 275) to illustrate the nature of geological formations of travertine at Paestum (on
this topic, see also the good chapter by Vincenzo Amato 2019 in the catalogue). It
is worth adding here that cores 102, 104 and 105 occur along the line of the northsouth transect located on the north side of the temple (Fig. 1). These three cores
made, in turn, a key contribution to the choice of where to place trenches 5 and 6
to be excavated two months later.
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7. The second Season of Excavations: July 2019
This brings us to the fifth season of fieldwork at the North Urban Sanctuary (Fig.
7). In choosing where to excavate in 2019, we intentionally wished to move a fair
distance from where we dug the year before. The plan from the start of the project
was to see what was happening in a different part of the site during the fifth field
season. Toward this end, we opened two new trenches (5 and 6) on the northsouth transection (Fig. 1) with the aim of documenting the mound there and investigating the buried land surface that occurs just below it. By bringing together
the evidence from these two trenches with that from cores 102, 104 and 105, there
would be the chance to trace on this line the profiles of the 79 tephra, the top of
the mound, it base and the top of the travertine bedrock over a distance of 16 m.
Essentially the same methods were used as in 2018. This time the decision was
made to recover individually all of the masses of travertine that measure 20 cm
or more in their longest dimension (that is, smaller than the 25 cm length used in
2018). By the end of the first excavation season, we had come to realize that the
top part of the mound was made of smaller masses (often in the range of 20 to 30
cm) to give the mound’s surface a smoother finish. At the same time, there were
improvements in the way that overhead photographs were made (Figs. 8-9), and
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Fig. 7. View of the
north side of the
temple of Athena and
the excavations in
trenches 5 and 6 in
front of it (for their locations on the northsouth transect, see
Fig. 1). The overhead
photograph is being
taken by Michael
Holobosky. (photo
A.J. Ammerman)

Fig. 8. Overhead
photograph of the
excavation in progress
at trenches 5 and 6.
One of the very large
masses of travertine
(called “monsters”
in the text) has just
been excavated, and
it is now sitting on the
west side of trench 5.
(photo M. Holobosky)

Fig. 9. Overhead photograph of the travertine masses exposed
by the excavation in
trench 5. (photo M.
Holobosky)
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“sweep in motion” imagery was taken more often during the excavation of the
mound (done by Elenora Delpozzo). Furthermore, there was a surprise awaiting us
in trench 5. The sizes of some of the masses in its lower part were much larger (in
the range of 81 to 97 cm in length) than anything we had seen in trench 2. Since
they were hard to move, we called them “monsters” (mostri in Italian; Fig. 10). In
fact, two of the nine monsters
in trench 5 were too heavy to
remove from the trench, so we
had to adjust our approach to
excavating the lowest part of
the mound. The work had to
be done in three steps: (1) the
side of the trench 5 without
the two exceptionally large
monsters was dug in the usual
way; (2) the two heavy monsters were moved to this open
place; and (3) the place on the
opposite side of the trench was
now free and it could now be
excavated. In all, a total of 16
metre squares were excavated down to the base of the
mound in trenches 5 and 6.
On average, the number of
masses (with a length of 20 cm
or more) recovered from a given square metre turns out to
be 30. In addition, we learned
that the top of the mound between cores 102 and 105 on the north-south transect
line has a slope of 1 in 8. In contrast, its slope between the east side of trench 2 and
the edge of the mound in trench 1 is less steep: just 1 in 11. This means that notable
differences (in terms of slope and the size of the largest masses) can be observed
at various places on the mound. The suggestion is that no standard template was
used (or else carefully followed) on the different sides of the mound. Instead, there
was some local variation that may stem from such things as differences in the underlying relief or in the social organization of labor. As more excavations are carried out at the mound, it should be possible to gain a better understanding of how
much variability there is from one place to the next and why it may occur. So after
two seasons of excavation, it is already clear that one has to be careful and avoid
speaking about the mound in normative terms. Finally, it is worth mentioning that
a fair number of worked pieces of sandstone were found in a position just above
the top of the mound on the northeast side of trench 6. Whether the sandstone
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Fig. 10. In the diagram, the positions of
the top and bottom
of each of the large
masses of travertine
called “monsters” (M
1-9) and also large
masses left in the
sections at the end of
the excavation (MS
1-6) are projected on
the west section of
trench 5, the northsouth transect. This
figure also places the
mound in its basic
stratigraphic context.
(drawing E. Delpozzo)

derives from a workshop in this place or else from material discarded there after it
had been worked elsewhere is a question of considerable interest that calls out for
another season of excavation there.

8. Discussion
There has now been the chance to review the first five steps in the fieldwork at
the site. This last section of the present article is not the place to repeat at length
the gains in new knowledge that arose from the work. They have recently been
presented in the closing section of the chapter in the catalogue (Ammerman and
Ammerman 2019: 61-63). Without going into the respective arguments again, it
is worth mentioning, in a nutshell, the following four points. First, the artificial
mound is found on the north, west and south sides of the temple. With a width
in around 25 m, it runs from just east of the middle of the temple on its north side
all of the way around its west end to the middle of the temple’s south side. The
mound does not occur at the eastern end of the temple, where the travertine bedrock stands in a high position. Second, the mound’s total area is approximately
2,000 square metres. Third, the mound consists of tens of thousands of travertine
masses (each with a length of at least 20 cm), and the best estimate at the present time for the total number is on the order of 60,000 masses (Ammerman and
Ammerman 2019: 62-63). All three of the numbers mentioned above should be
regarded as first approximations; they can be refined when further work is done
at the site. Fourth, the construction of the mound called for vast amounts of both
human labor and travertine (commonly of lesser quality than the travertine rocks
used in building the temple itself). In addition, there must have been a high level
of organization to coordinate the two different kinds of work --on the temple and
on the mound -- undertaken at essentially the same building site.
What I would like to do here is to discuss instead a different perspective on the
work – one that considers the background that put us on the pathway to the research design. Given that it is an innovative one and not the approach commonly
taken in classical archaeology, this may lead to a better understanding of where we
were coming from and what enabled us to do the research in a comparatively short
time as well as in a less invasive way. Toward this end, it is instructive to ask two
basic questions. First, what made it possible for us to come up with such a research
design? Secondly, how does one incorporate what one learns from a given field
season in making plans for the next one so that the research design works? In the
next part of this section, the plan is to outline some of my own research experience
over the years in order to answer the first question. Then, the second question will
be taken up in the last part of the discussion where the focus shifts to a few select
aspects of strategy, method and people, which helped us in taking an integrated
approach to the research.

In 1974, as the first step in a major project concerned with Neolithic settlement
patterns at Acconia in Calabria, the region in the toe of southern Italy, we began
a survey that soon led to the discovery of many early sites in an area near the coast
with an inflating land surface linked with a sequence of paleo-dunes (Ammerman 1985). At the site of Piana di Curinga, we found evidence for several burnt
wattle-and-daub huts of Stentinello age, which were buried at depths of around
1.5 m below the modern land surface. In 1977, the decision was made to conduct
prospection based on magnetometry of the whole area of the settlement (ca. 2
hectares) in order to map the buried huts with their good magnetic anomalies.
Next, in preparation for excavations in 1979, we made a series of more than 200
cores by hand using two Dutch soil augers and found that the cores were good at
“ground truthing” the magnetic anomalies. In this way, we learned that 38 anomalies produced fragments of baked daub. At the same time, further coring was
done at the site on a grid, which identified ten more places there with no magnetic anomaly but that did yield sintered daub. Finally, we excavated twelve of the
places with evidence for both an anomaly and baked daub (from the coring), and
all of them brought to light a collapsed wattle-and-daub structures dating to the
6th millennium cal. B.C. (Ammerman et al. 1988: fig. 2). In short, we already had
a positive experience in bringing prospection, coring and excavation together in
the late 1970s.
In 1985, as the head of a research group at the University of Parma, I was asked
by the Italian government to coordinate the environmental studies to be done in
conjunction with the excavation of three major sites in the heart of ancient Rome.
One of them was the Forum where we now did pioneering work by drilling a
series of deep cores on the transect line running from the Tabularium and to the
Sepolcreto. Thus, we obtained the first profile of the natural relief of the Forum
basin, and this led, in turn, to a new interpretation of how the Forum began as the
consequence of a large project of land reclamation (Ammerman 1990). In 1992
Eugenio La Rocca (in charge of cultural matters on lands belonging to the City
of Rome) asked me to organize the study of the many deep, machine-made cores
taken at different places on the Capitoline Hill. This investigation yielded results
of interest as well: the first proper map of its natural relief and new insight into the
hill’s modification in order to make room for the large temple of Jupiter (Ammerman and Terrenato 1996). Then, in 1996, the City of Rome commissioned me to
drill over the course of several years a series of 24 deep cores in the Velabrum, the
valley between the Capitoline and Palatine Hills. Again, the fieldwork produced
results of major interesrt such as the discovery of the clay beds for making the
earliest roof tiles in Rome, which came to light beneath the headquarters of the
Vigili Urbani (Ammerman et al. 2008a). In Venice, there was also the opportunity
to drill a series of deep cores in Piazza San Marco on a transect line that ran from
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the waterfront (the Bacino) to the Clock Tower (Ammerman et al. 1995). Last but
not least, in a project carried out at two Neolithic mound sites in Aegean Thrace
(Greece), high-quality percussion cores took the lead in the fieldwork (Ammerman
et al. 2008b). In short, part of my tool-kit as an archaeologist now included broad
experience in making cores and working in collaboration with earth scientists
During the last thirty years, landscape archaeology has become a field of wider interest in the study of the classical world. Not only is more attention paid to placing
sites and monuments in their environmental contexts but there is a growing awareness of the theme of landscape transformations. For instance, we now know that
the creation of the Forum, the hub of early Rome, is linked with a large project of
land reclamation, as mentioned before. And in the years of the Republic, there is
now the case of the transformation of the landscape that derives from progressive
encroachment on the east bank of the Tiber below the island (Ammerman 2018).
The fieldwork that we conducted in the Agora of ancient Athena and Piazza San
Marco in Venice led to the realization that landscape transformations had taken
place in these two civic centers as well (for bibliography, see Ammerman 2011).
This was one of the concepts that we brought to the project at Paesum, where one
of the challenges to face was the uninspiring horizontality of the travertine plain
there. By creating a mound and having the temple of Athena stand upon it, there
was the possibility of adding a certain element of verticality to the civic center
at Paestum. In sum, we had the background and the experience to put together
a research design to document the transformation of the landscape at the North
Urban Sanctuary.
This brings us to the second question and the matter of decision-making that is
at the heart of fieldwork in archaeology. Only a few examples of the process of
decision-making as it relates to such things as strategy, method and personnel
will be presented in the limited space that is available here. When it comes to the
fieldwork of a research project in archaeology, one is not dealing with a script or
a score (something that is already written down), as in the case of a film or most
musical performances. Instead, decision-making tends to be more organic and
open-ended as a process in field archaeology. Taking the long view, the goal is for
the results of the multiple lines of investigation to fit together in a coherent way
as the project advances. Since the project would be carried out inside the Parco
Archeologico di Paestum, and its Director, Gabriel Zuchtriegel, was fully behind
us, it would make good sense to try to conduct five seasons of fieldwork over a
span of two years. On one hand, this meant that we would have to adjust our other
commitments and place our main emphasis on what was happening at Paestum.
From my previous experience, I had learned that a project usually works best when
we can be fully engage in it. If a project dibbles out slowly over the years, there is
likely to be a loss of time, momentum and concentration.
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As part of the overall strategy, the plan was to begin with prospection and cover
all of the area in the immediate vicinity of the temple of Athena (the space shown
in Fig. 1). The aim was to start by obtaining a broad and comprehensive “picture”
of what might be buried in the ground there. As mentioned before and without
going into technical details here, the survey involved the use of ground penetrating
radar-- a method that would allow us to look for patterns at different depths in the
ground. The choices of GPR as the method of prospection and of Boschi and Silani
to do the fieldwork were both good ones. Indeed, this initial step in the project
was directly linked with the official collaboration between Colgate University and
the University of Bologna. At the time of the survey, there was, however, a certain
sense of frustration that more in the way of structures (taking the form of walls and
floors) could not be recognized in the survey area. As mentioned before, it was
easier to read the imagery once trenches 1 and 2 were excavated in the summer of
2018. The western edge of the mound is definitely there to be seen in the imagery
on the east side of trench 1 (Fig. 5). Looking back from where we stand today,
the shortage of small structures on the mound and just outside of it now makes
good sense to me. The centerpiece of the north urban sanctuary was the temple of
Athena, which stood in an elevated position with a corona light around it created
by the vast number of white travertine masses in the artificial mound (Ammerman
and Ammerman 2019: 63). Placing small structures here and there on the mound
would have actually worked against this visual effect. In retrospect, it is reasonable
to think that the north urban sanctuary was meant to be seen as an open and uncluttered space, and this is what the GPR survey shows for the most part .
The making of the first cycle of cores at the site in November of 2017 was a rather
straightforward matter. It was a time to explore what was in the ground in a noninvasive way. One of the key decisions at the start of the second step involved one
that we had made before: that is, deciding where to place the east-west transect on
the south side of the temple and then making a series of cores at regular intervals
along it (Fig. 1). The place selected for the line was close to the mound (but not too
close to avoid old excavations) and on the side of the mound facing the Agora in
the 5th century B.C. As expected, Jay Noller took the lead in the description of the
soils recovered from the cores and the study of the geomorphology at and around
the site. As part of the second season of fieldwork, we also mapped the position and
elevation of those comparatively few outcrops of travertine bedrock that can be
seen on the land surface today. The most important core was, of course, the third
one located near the southwest corner of the temple. In fact, we decided to make
an adjacent core in the same place (this duplicate was called core 3’) to be sure that
the stratigraphic sequence was correct. Perhaps the single most important decision
that we would have to make on the project as a whole was the next one: choosing
the right places to dig the first two trenches. As mentioned before, the aim was to
place trench 1 at the western edge of the mound and trench 2 at or near core 3,
where the plan was to dig down through the mound to its base and then excavate
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the soils of the buried land surface at the mound’s base. If we happened to choose
by mistake a place where the mound was too thick, there was a good chance that
we might not reach the base of the mound in the time allotted for the third field
season. As we now began to move from the second field season to the third one,
we began to realize we were about to make two do-or-die decisions. It was our
good fortune that the right choices were made in both cases.
At the third step in the fieldwork, the real challenge was to dig down through the
mound in trench 2. This required grinding out, in a systematic way, the recovery
of each of the masses of travertine found in a given mound excavation unit and
then repeating all of this again, as we moved down through the respective mound
units until we reached the base of the mound. However, we soon began to realize
that there was something missing in our research design. It concerns the rockchains mentioned before. They provide a good example of the need to be open
and to add something new in the field, which one might not have properly understood when the research was initially designed. In brief, we now realized that it
was important to document the clast-to-clast contacts between the travertine masses in the mound.. The significance here is that soil plays only a minor role in the
structure of the mound. Toward this end and without fully understanding what I
was trying to do, I began to attach numbers in sequence to masses in contact with
one another, starting at the top of the mound and working my way down. To my
knowledge, the recording of rock-chains is not part of the common enterprise of
archaeology. On the other hand, there are times when one has to think out of the
box. In any event, Jay Noller now arrived at Paestum just in the nick of time and
explained to me that rock-chains were “old hat” for the geologist. Accordingly, he
took over the task of documenting the rock-chains in three of the meter squares of
trench 2. At the same time, he recognized and recorded several voids (open spaces
without soil), which occur between masses in contact with one another in the lower part of the mound. The moral of this story is twofold: first, a research design in
archaeology should be regarded as an open-ended one, and second, it is important
for a field project to have the right personnel on site so that research can move in
a new direction when the occasion calls for it.
Given the many gains in new knowledge obtained during the third field season, it
was time to start planning for the fourth field season and where to drill the deep,
machine-made cores. To begin with, the new cores would have three advantages
over the ones made by hand before: (1) they have a larger diameter and thus yield
better samples; (2) they go down more easily through the hard travertine masses in
the artificial mound; and (3) they reach greater depths in the ground and produce
evidence on the geology of the site. On the positive side, I had a good deal of previous experience when it comes to the logistics of the heavy lifting that is associated with this kind of fieldwork. If we could successfully complete this step in the
fieldwork, it would substantially increase our sub-surface documentation of the
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mound. Given that we had a separate grant to cover the costs of the coring, there
was a fixed sum of money that was available for the fieldwork. This meant that
the process of decision-making would involve a number of trade offs, including
the choice of how many cores to make, the choice of where to place them and the
choice of the depth of the respective cores. In short, there were many different
possibilities to consider. In addition, there was the plan to drill several cores on
the north-south transect (mentioned before) toward the selection the places where
the two new trenches (5 and 6) would be excavated on the temple’s north side at
the next step in the fieldwork. Without going into the details, what we eventually
chose to do was to make ten cores (with most of them taken to a depth of 10 m) in
the layout shown in Fig. 1. It will be noted that cores 102, 104 and 105 are located
on the north-south transect and that trenches 5 and 6 were subsequently placed
between them (with their west sides on the transect line as well). The coring went
according to plan in April of 2019, and it now took our knowledge of the mound
to a new and higher level
Only a few brief words will be said about the fifth and final step in the fieldwork:
the excavations of trenches 5 and 6 in the summer of 2019. Again, we employed
essentially the same methods in digging them. Only a few minor adjustments were
made at this time: for example, collecting individually each travertine mass that
measure 20 cm or more in length and improving the approach taken to overhead
photography. By bringing the evidence from these two trenches together with
what we had learned from cores 102, 104 and 105, we could now trace the profiles
of things such as the elevations of the top and bottom of the mound over a distance of 16 m along the north-south transect. In all, a total of 16 metre squares were
excavated down to the base of the mound in these two trenches. This then allowed
us to estimate the average number of travertine masses for a given metre square
in the mound. In turn, this value of 30 masses per metre square made it possible,
at the first level of approximation, to estimate a total of ca. 60,000 masses (at least
20 cm long) for the mound as a whole. In short, we had come a long way from
the first field season in August of 2017. There is, of course, still much more that
remains to be done. The new cycle of fieldwork at the site has just begun. While
the covid pandemic has put our sixth field season (an excavation in the summer of
2020) on hold, we continue to make plans for the time when fieldwork at Paestum
will reopen.
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Federica Boschi, Carlo Rescigno

The sanctuary of Apollo in Pompeii: new
geophysical and archaeological investigations

The paper discusses recent and integrated investigations in the Sanctuary of Apollo in Pompeii, which
contribute to the overall understanding of the diachronic evolution of this sacred place, from the archaic
period to the eruption of AD 79. High-resolution geophysical surveys have been interpreted in comparison with a new reading of the publication of Maiuri’s excavations and the most recent excavations.
The latest research offers significant additional information, not only on the constructive episodes of the
architectural complex and the urban landscape in which it is inserted, but also on aspects related to the
cult of Apollo and the associated rituality.

Introduction
As part of the research led by the University of Campania ‘Luigi Vanvitelli’ conducted in agreement with the Archaeological Park of Pompeii at the Sanctuary of
Apollo in Pompeii, the archaeological activities of 2017 included a high-resolution
geophysical investigation, carried out in collaboration with the University of Bologna. The aim of the survey was the acquisition of data regarding the subsurface
archaeology ahead of programmed excavations as well as an overall study of the
monument.
Our current understanding of the diachronic evolution of this area, from the archaic period to the eruption of AD 79, which represents one of the most important
sacred places of Pompeii, is today understood thanks to the archival, documentary
and antiquarian analysis, the publication of Maiuri’s excavations and now to the
most recent excavations1. The latest research offers significant additional information and windows of direct observation, not only on the constructive episodes of
the architectural complex and the urban landscape in which it is inserted, but also
on aspects related to the cult of Apollo and the associated rituality.

1
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The geophysical survey and its comparison with archaeological data adds further
suggestions, as well as providing a valuable opportunity for feedback between diagnostics and stratigraphic confirmation from the point of view of their mutual interpretation, potentially extending to areas not yet investigated by the excavations.

Fig. 1. Pompeii:
so-called Altstadt,
focused on Forum
and Sanctuary of
Apollo. Satellite image from Google Earth
(Landsat Copernicus,
2017).

The project and archaeological research 2014-2017
The rectangular area between the western insulae and the forum square (Fig. 1),
occupied by the temenos of the Temple of Apollo, has been the subject of repeated
excavation and restoration work2. Prior to providing a brief synthesis of the architectural history of the complex, which gave rise to the main issues and therefore
the questions posed by the geophysical research, it is worthwhile retracing the archaeological activities which concern the structures below the Imperial floor level
which influenced their composition.
It is possible to attribute to a post-eruption phase the spoliation of the structure
through tunneling that were dug through the eruption layers in order to recover
2

Maiuri 1973, De Caro 1986; Dobbins, Ball, Cooper 1998; Ball, Dobbins 2013; for Arthur excavations: Arthur 1986; Cottica, Curti 2008; for recent excavations: Rescigno 2016a and 2017.
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sacred and precious materials. Some of these tunnels went to a considerable depth
in the chaotic search underground, even digging underneath the Imperial phase
floors: the new excavations found clear traces of these in the trenches located along
the western portico where these tunnels were filled by lapilli. They had been intercepted and partly destroyed by the trenches excavated by Maiuri, who, as he was
excavating in horizontal cuts did not precisely document their development in plan.
The tunnels could perhaps be associated to a phase of recovery which occurred
immediately after the eruption when the memory of the sanctuary and the objects
contained within it was still alive. However, they could also have been part of the
sporadic uncontrolled excavations that already before the Bourbon interventions
affected the Civita plateau3.
The excavation of the sanctuary was
carried out during the Bourbon period,
immediately after the French decade,
starting in 1817.
The Pompeianarum Antiquitatum Historia describes its discovery alongside
the advance of the excavations in the
forum4 and reminds us of the wonder
aroused in those who coordinated the
excavation for the state of completeness
in which an ancient temple presented
itself to the contemporary of the time
(Fig. 2): the first sacred monument
found complete with paintings, furnishings and sculptures at the time of
Ferdinand after the excavation, at the
time of Charles, of the sanctuary of Isis.
The new king could therefore have his
ancient temple. It was decided, due to
the impression of completeness generated by the complex, to conserve the
wall decorations in situ, an unfortunate
choice for the conservation of the paintings, which began to rapidly deteriorate, despite the work undertaken at the
3

Modern tunnels, before the Bourbon excavations, are probably also attested by the new excavations in the Regio V.
4 PAH I, 3, pp. 188, 191 (?), 192-195, 210-216, 218-219; PAH II, pp. 9-10, 69) and PAH III, pp.
9-12, 14-17, 35.
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Fig. 2. The sanctuary
of Apollo in a plan by
Destouches (1817).

time for their preservation. In order to render the sanctuary accessible to visitors, a
significant restoration plan was carried out which, besides rebuilding the damaged
parts of the structures, also involved the relaying of the floor to allow visitors to
visit the complex. Indeed, the floor in the front sector was uneven and broken, so
it was therefore necessary to dismantle the altar and staircase to lay a thick new
floor upon which the altar was reassembled. It was in this way that the image of the
temple was composed, which represented the heart of what was later successively
restored and conserved. Information regarding these significant interventions has
been found in the study of the archive documents and in the stratigraphy brought
to light by the excavation5.
At the centre of discussions on the origins of Pompeii, an issue that has been debated for some time, the temple was the subject of systematic research by Amedeo
Maiuri who included it in his pre-Roman Pompeii research project6. Following

Fig. 3. Sanctuary of Apollo: archaeological excavations by Maiuri (1931-1932 and 1942-1943) and trench for the modern
lighting installation (1980) (from De Caro 1986).

5

On the first restorations in the sanctuary of Apollo see Demauro 2020, pp. 106-111 with
precise reconstruction of the restoration plans of the early nineteenth century and subsequent
interventions.
6 Maiuri 1973.
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the methodology of the time, during two very fruitful excavation campaigns
(1931-1932, 1942-1943) Maiuri opened numerous narrow trenches and small test
pits that interrupted the original stratigraphy at several points, transforming the
complex into a palimpsest which was already difficult to read due to a succession of
significant phases of monumentilisation, which constituted and represent a strong
impediment in the progressive stratification of the subsoil. From Maiuri’s work,
an important plan was reconstructed by Stefano De Caro (Fig. 3)7 through combining archive information and data from the excavation diaries, and in 1986 was
able to publish the results of the significant research.
The excavations were primarily focused on the foundations of the Hellenistic
structures which proved to be of particular interest as they re-used blocks and
sometimes mouldings from a previous monumental arrangement, including clear
evidence of an archaic phase: for this reason, narrow and long trenches follow the
stylobate of the porticoes and parts of the temple podium. In searching for previous structures, further trenches were opened in the courtyard and small trenches
were dug throughout the area. Excavations were also conducted on the podium in
order to obtain data useful for the chronology of the temple and its construction
technique. Other targeted excavations were aimed at dating specific structures or
to understand, for example, the restructuring of the entrance over time.
The disastrous Allied bombardment of 1943 affected the sanctuary in its northernmost sector8. With the reconstruction, significant infilling was made in the
northern area of the porticoes at the foot of boundary wall, which had largely collapsed, as well as the area immediately in front: the area was levelled, involving also
part of the eastern portico in its northernmost sector, into which was dumped large
parts of the demolished structures that could not be recovered. The bombardment
also seriously damaged some of the columns so it was necessary to proceed with
new, often supplementary, restoration work.
Immediately after the Second World War excavations ceased although not the
restoration and activities for access to the complex. Among the activities that affected the structure was the digging of a shallow trench for the installation of a
electricity line and lighting cables in order to illuminate the structure at night
which was installed in the 1950s after the removal of rubble and the refurbishment
of the sanctuary.
Alongside another disastrous event, the 1980 earthquake, additional trenches were
opened for the construction of a new electrical system9. These excavations did not
7
8

De Caro 1986, tav. I (for the originals by Maiuri) and tav. II (junction table).
Danni di guerra 2006, pp. 110-112: The west porch was damaged in several bombardments, in
particular in its NE corner; the perimeter N wall was demolished and part of the corresponding
colonnade was destroyed, the so-called priest’s room was also destroyed (‘sacrestia’).
9 Arthur 1986.
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affect the area of the sanctuary but ran alongside the western portico of the forum,
providing useful information about the relationship between the sanctuary and the
forum area, revealing also part of a cistern corridor dating to Hellenistic period,
which had in part been intercepted, in its continuation to the area of the eastern
portico of the sanctuary, by the excavations of Maiuri.
As part of a research programme dedicated to the study of the chronology of the
forum of Pompeii, an American team coordinated by Dobbins also opened small
excavations in the sanctuary10. Two trenches were excavated immediately outside
the temenos at its north-western corner along the vicolo del Gallo and a third at
the fourth pillar, counting from the north, along the eastern boundary wall.
At the beginning of the current century, with a new lighting project (EnelSole),
further superficial trenches were dug for the laying of new electrical cables to replace the previous ones no longer usable.

Fig. 4. Sanctuary of
Apollo: recent excavations (2015-2017)
(F. Giannella).

Finally, from 2014 to 2017, a series of summer excavation seasons were begun at
this much mistreated complex, with the aim of the research to record the complex,
study the architectural evidence and material, recompose the stratigraphy interrupted by the previous excavations and restoration and to document its form and com-

10

Dobbins, Ball, Cooper 1998, in particular for the positioning fig. 4.
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position, tackling the most ancient history of the sanctuary with new perspectives
(Fig. 4)11. The excavations examined the southern sector of the courtyard and the
corresponding side of the portico, the southern sector of the western portico and
the northern and central sector of the eastern one. A small excavation was also carried out on the temple podium in order to recover material useful for the chronology.
The preceding section provided a brief summary of all the excavations up until
2017, the year of the geophysical prospection, that were undertaken in the sanctuary area, and which inevitably have conditioned its size and form.
Turning to the ancient stratigraphy, the following section will retrace its history
beginning with the earliest testimony and highlighting, from time to time, the
problems and questions that led to the decision to undertake a programme of geophysical prospection.
At several points, but in particular in the southern square of the sanctuary, it was
possible to reach the volcanic levels related to protohistoric eruptions that formed
the basis for the first historical events. In this first phase the earliest ceramic material,
leaving aside sporadic material of the prehistoric and Iron age periods, allow us to
consider the area active from the beginning of the 6th century BC. A beaten-earth

11
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Rescigno 2016a; Osanna, Rescigno forthcoming.
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Fig. 5. Sanctuary of
Apollo: stratification
of the western road
(via di Apollo) (F.
Giannella).

road that ran in the N-S direction defined the western edge (Fig. 5), while the southern one probably coincided with the via di Porta Marina and the eastern one with
the first square that we can only hypothesize to be present in the place of the forum
but which is not yet documented (Fig. 6). During the 6th century BC a sacred building was constructed of which several lava and volcanic stone components have
been recorded, as well as and many architectural terracottas of the CampanianCumaean type (Fig. 7). These allow the construction of the temple to be dated to
the middle of the 6th century
BC with an indication, formed by a series of very small
pieces of architectural terracottas, that there may have
existed an earlier building.
There is little conserved of the
walls or foundations of this
archaic construction and the
location of this first temple is
one of the questions that even
the most recent archaeological
research has failed to solve and
therefore is one of the questions posed for the geophysical research. The interpretation was that the first building
should occupy the site of the
next Hellenistic temple and
that, due to the phenomenon
of religious conservatism, it
was decided not to change the
orientation and space of the
first temple site, conditioning
all subsequent renovations,
even the very intrusive one
of the late Hellenistic period,
which had to deal with this significant conditioning.
Fig. 6. Limits of the
sanctuary of Apollo.

The sanctuary also seems to be
affected by the lack of evidence that is widely noted across Pompeii for the period between the second quarter
of the 5th century BC and the middle of the following century. The first forms of a
re-emergence are documented by the materials found in a secondary position belonging to destroyed votive deposits, above all statuettes and vases, and by the road
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which, like a precision clock, retakes its role
from the middle of the 4th century BC to until
it is finally interrupted towards the end of the
2nd century BC. In the area where the road ran
N-S, along the western portico of the sanctuary that obliterated it, the road levels rose together with the containing walls, a phenomenon
not noted by the excavations of Maiuri which
had intercepted the eastern containing walls
but had isolated it from the road levels, thus it
was therefore interpreted in later literature as
a structure in its own right, hypothetically attributed to an intermediate phase between the
archaic temple and the Hellenistic phase12. The
identification of the road has made it possible to
re-read traditional interpretations of the evolution of the sanctuary space. The road has always
occupied the limits assigned to it, with minor
adjustments, having as its border the road that
ended at the pappamonte wall of the insula of
Trittolemo13 which is to be understood as its
border and not as the temenos of the sanctuary.
To the mid-Hellenistic phase can be attributed only scarce and faint structural traces that
emerged from the new excavations: to the continuity of the material of the votive materials
can also be added the hypothesis of walls in opera formacea, perhaps rooms on the
edge of the southern sector of the sanctuary, as well as some clues to reconstruct
the form of the border between the sanctuary and the forum including traces of
walls and their spoliation. In rapid chronological succession it can be observed that
what remains of a wall, later replaced by a larger wall in ‘opera a telaio’, is the base
of a complex of tabernae open towards the forum. Active in this period, or in the
first phase of the Hellenistic temple on the podium before the construction of the
porticos, are two cisterns, one at the NE edge of the portico, where there is also a
well, and the second on the opposite southern side, alongside the fourth intercolumn from the south: this was a corridor that extended between the porticoes of
the forum and those of the sanctuary.
12

De Caro 1986, pp. 9-10, quoting the excavation diary records a ‘filone di lapillo del 79’ AD
discovered in place of the northern continuation of the wall, in which, as we have already
observed, we can identify traces of one of the plundering tunnels that affected the area of the
sanctuary.
13 De Caro 1986, tav. III.
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Fig. 7. Archaic
architectural terracotta from the new
excavations in the
sanctuary of Apollo.

Fig. 8. First corridors
of the large cistern in
the forecourt of the
sanctuary of Apollo
(F. Giannella).

In the mid-2nd century BC the area was redesigned as part of a wider programme
centred on the forum district. The street was eliminated and the boundary marked
by a high, double wall, with a cavity intended to let rainwater runoff, the only
memory of the cancelled street. A new plan of monumentalisation was begun,
perhaps formed over time with a set sequence of construction, of which clear traces have been brought to light through the discovery of small kilns and basins for
lime. At the end of the century the architectural layout comprised of a temple on a
podium in the centre of a four-sided portico that borders and closes the sacred area
along all its boundaries. To the south, in the square that had been kept between
the temple and the portico, was placed the altar. The late Hellenistic construction
sites also intervened underground, relocating and destroying the earlier votive deposits and interrupting the previous cisterns. In order to meet the need for water
for the life of the sacred area and this part of the city, a large system of corridor
cisterns was built, occupying almost the entire square in front of the temple, under
the altar (Fig. 8). These were constructed by means of a deep excavation which
unfortunately eliminated a large segment of archaeological stratification and also
removed any traces of the oldest altar. Some fragments of this have possibly preserved, reused in the foundations of the new temple with other blocks of the older
building to which a similar fate was destined, reused, as previously observed, in the
foundations of the porticoes and the podium. Together with the cisterns, a system
was created for collecting and purifying the rainwater collected by the gutters of
the roofs of the temple and the four-sided portico, which were channelled into
decantation tanks and then into wells from which the water flowed back into the
tanks. The square was made of beaten earth, with the exception of a row of tuff
slabs at the edge of the roof of the porticoes including a drain for the collection of
water, a solution that was repeated, in monumental form, for the square of the forum. Finally, a wall was built replacing the one in ‘opera a telaio’ (opus africanum)
and the tabernae, to create a new monumental yellow tuff portico in the forum.
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Later interventions, prior to the earthquake of AD 62, were for maintenance: this
was the case during the Augustan period when work was principally carried out
on the decorative apparatus. The earthquake of AD 62 was traumatic for the life
of the sacred area which caused the collapse of a large part of the portico and part
of the temple. The sanctuary was soon rebuilt, signalling the importance of the
cult and the feasts of Apollo for the citizens. This is demonstrated by the many
interventions to replace its architectural materials which were inserted without
respecting the earlier phases, but which still conformed to static rules, and which
were then masked by a thick layer of stucco made to create a new unified decorative aspect, an activity that is easily recognisable especially along the porticoes.
This brings us to the dramatic days of the eruption.
A large part of the original stratigraphy behind the temple was lost due to the allied bombardment, and by the construction of the large cistern in the front square,
which was then riddled by excavation trenches which explored the surface and
stratifications of the porticoes. However, thanks to targeted stratigraphic excavation it is still possible to read some aspects of the long life of the sanctuary and find
new documents such as the road, the mid-Hellenistic rooms of which remnants
still remain, the traces of construction sites, the sequence of the boundary walls
near the eastern edge and new material recovered from the votive deposits.
After the numerous excavation campaigns, several important issues still remain
unresolved. The most important concerns the position of the oldest temple that has
been assumed to be included and covered by the more recent temple. It was hoped
to find, even if only for short parts, some remains of the structure. At least one of
the buried structures identified by the old excavations was not recorded, and for
each of these it was hoped to know their continuation or alignment.
Having intercepted the road in its southernmost sector and defined its shape and
construction, the question was posed as to its continuation towards the north and
the presence of a possible regular axes as assumed by some studies. The northern
section, as has been observed, was strongly compromised by the bombing and the
clearance of rubble. Was it possible to locate, despite the many changes, traces of
such evidence that could then be investigated with targeted excavation?
A better understanding could also be reached concerning the rainwater collection
systems, considering that at least two had been already identified by the excavations. Traces could also emerge of the earliest delimitation of the sacred area, especially towards the forum, and for the identification of the archaic chronological
phases, evidence for which from the excavation was still lacking, perhaps once
again due to the overlapping boundaries in one place and along the same route.
C.R.
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Geophysical surveys. Acquisition strategy and results
The geophysical survey campaign organized and carried out in the temenos of
Apollo in Pompeii represented an extraordinary research opportunity, both for the
unquestionable relevance of the study area and for more strictly methodological
reasons. Indeed, Pompeii remains a place much coveted for its potentially complicated diagnostics applications, due to the well-known dynamics of destruction and
burial, and the consequent conditions of the still hidden stratification which are
not always suitable for non-invasive methods14. Moreover, the excavations of the
Luigi Vanvitelli University, already planned and partially started at the time of the
survey, guaranteed an important opportunity for the verification of the geophysical data, following a line of research based on a constant and reciprocal comparison
between non-invasive survey and archaeological excavation that the University of
Bologna has been pursuing for several years now15.
The survey was carried out with the technique of Ground-Penetrating Radar
(GPR) which fully extended across the space delimited by the perimeter in opera
incerta that surrounds the colonnaded peristyle as well as on the podium of the
temple itself, within the peripteros, with the objective of guiding the planned
archaeological excavations and collecting useful data for the interpretation of the
sectors not subject to excavation.
The instrument used, property of the Geophysics and Topography Laboratory of
the University of Bologna (DiSCi), was a IDS Hi-Mod Ris One georadar equipped
with a 600-200 MHz dual frequency antenna. In addition to the encouraging results already obtained in various Pompeian contexts, the GPR method was chosen
for the specific case study because of its adaptability to existing spatial constraints,
and for the presence of modern elements and installations that could have caused
interference with other prospecting systems.

14

In the extensive bibliography of geophysical surveys at Pompeii it can be noted that results
were often achieved by implementing an integrated approach, in Regiones III and IX, by the
Inter-University Project Rileggere Pompei (direction: F. Coarelli – University of Perugia, F.
Pesando – University of Naples L’Orientale; cfr. Anniboletti et al. 2009); the insulae VIII.7.1-15
e I.1.1-10 by the Pompeii Archaeological Research Project: Porta Stabia of Cincinnati University
(Odgen et ali. 2012; Poelher, Ellis 2014); at Porta Nola by research carried out by the British
School at Rome (Kay et al. 2016); the Terme del Sarno by the University of Padua (Deiana
2019), and at the Casa di Marcus Fabius Rufus under the coordination of the Suor Orsola Benincasa University of Naples (Di Maio et al. 2010). The Bologna research team has carried out
geophysical investigations in other areas of the Pompeii, in particular at the Casa di Obellio
Firmo (IX, 14, 2-4) and in Regio IX,10 as part of the Grande Progetto Pompei - Piano della
Conoscenza. In this latter survey, it was necessary to employ different investigation strategies
for the different characteristics of the places investigated, and of the thickness of the volcanic
deposits still present (for preliminary data see Silani et al. 2017; Sassatelli, Giorgi 2017).
15 Cfr. Boschi 2016 and 2020.
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The experience gained in recent years in the study of cities and monuments with
continuity of life proved fundamental for the survey at Pompeii, where it was
decided to adopt the same strategy of acquisition for the measurement acquisition, with a high resolution coverage of the surface to be investigated16. Interestingly, due to the current exceptional characteristics of Pompeii, the site provides
the same challenges and problems to the analysis of the subsoil as living cities
(beginning with the conditions determined by the narrow urban spaces that can
be investigated, thanks to the monumental survivals above ground, and arriving
at the important preservation of buried plans, paving stones and infrastructures),
which we have to cope with even when acquiring data in the field, as well as in
their interpretation. This considered, in the area of the temenos of Apollo all the
spaces accessible with the instrumentation, configured on a four-wheeled cart,
Fig. 9. Threedimensional dataset
of radar profiles and
slice-maps of the
temenos.

16

Among the most recent work of the University of Bologna on urban areas with a continuity
of life or on ancient, multi-layered living quarters that have been investigated by geophysics,
we recall in particular the cases of Ascoli and Senigallia, for the first category, and Agrigento Hellenistic-Roman quarter and Pompeii, Casa di Obellio Firmo for the second (on the various
experiences, Boschi 2020). In all these cases, the same acquisition strategy has been adopted as
for the temple of Apollo and explained below in the text. This is a measurement method that
may involve longer acquisition times, but for the purposes of higher and more controlled acquisition accuracy, which helps to cope with the complexities of multi-phase contexts.
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Fig. 10. GPR survey in the temenos. Time-slice relative to 0.50 m depth.

Fig. 11. GPR survey in the temenos. Time-slice relative 0.80 m depth.

were traversed by a grid of 25 cm equidistant profiles, acquired in two directions
of walking and maintaining the same base line in both cases, in order to guarantee
precision to the measurements and a total mapping of the surfaces. Some areas of
the temenos were excluded from the survey as they were under excavation.
In the two areas investigated (temenos and podium), which had different heights
due to the elevation of the temple podium with respect to the area of the facing
square and the portico, there was an excellent penetration of the radar signal, with
a satisfactory degree of characterization of the geometries and buried volumes encountered up to at least 2 meters depth in both areas. Beyond this depth (in relation to the ground surface) there was a general attenuation of the signal, probably
due to the underlying conductive deposits. For this reason, although the use of a
dual-frequency antenna allowed a dual reading of the subsoil, the data processing
and interpretation focused on the data of the 600 MHz antenna which was better
suited to the requirements of the investigation.
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Following the processing of the data, which involved the interpolation of all the
radar profiles with a dedicated software (Fig. 9), two-dimensional maps representing the amplification values of radar reflections at various depths (time-slices)17
were obtained for both areas. Through the comparison of the time-slices with the
stratigraphic data, it was possible to correlate some reflections with known archaeological targets whose depth had been verified by excavation, therefore a speed
of propagation of the radar waves in the Pompeian subsoil was calculated, and
consequentially the depth of the reflection sources observable in the various slices.
The time-slices have been created using a colour scale that uses yellow for the
highest amplifications of radar reflections, which, as discussed below were mainly
generated by structural remains, voids and cavities, with tones from green to white
illustrating amplifications of medium intensity due to weaker reflections but also
attributable to the remains of foundations, flat and beaten, and in blue the areas characterized by minimal amplifications, i.e. attenuation and dispersion of the signal.
Whilst the main aim was to compare the results of the prospection with the data
from the stratigraphic excavations conducted by the Luigi Vanvitelli University in
order to direct their study and interpretation, it is also possible to comment more
generally about the results, where several areas of particular interest are recognizable throughout the area under investigation.
In the time-slices discussed below, ranging from the closest to the surface to the
lower depths, in the area of the temenos the first significant concentrations of traces of archaeological material were recorded at -0.50 m below the surface (Fig. 10)
and from this depth continued with increasing intensity until between -1.40m and
-1.50m, which comprise a buried deposit extended over approximately 1m.
Scrolling through the sequence of the data plots, the major features concern some
sectors along the eastern side of the sanctuary where radar reflections of geometrical
shape or linear development are attested, indicating structural and infrastructural
residues (small channels, cisterns and wells), flooring levels and possible traces left by
construction sites during the evolution of the complex. The same can be observed
more clearly on the data plot at a depth of 0.80 cm (Fig. 11), in which a linear anomaly parallel to the eastern side of the podium, attributable due to its characteristics
to a medium-thickness wall can also be seen, as well as the extensive reflective phenomena in the area in front of the temple, partly occupied by the altar and subject of
excavation at the time of the survey (therefore only partially covered by the prospection). The latter revealed a system of voids and cavities underneath the square that
can be clearly recognized for its size and vertical development up to the maximum
depth reached by the instrument, therefore also present in plots at a higher level
(Figs. 12-13).
17
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Fig. 12. GPR survey in the temenos. Time-slice relative to 1.00 m
depth.

Fig. 13. GPR survey in the temenos. Time-slice relative to 1.10 m depth.

Along the western flank of the temenos, on the other hand, are features that are aligned with the longitudinal development of the complex, perhaps compatible with
the survival of road levels that seem to overlap for a thickness of around 1m (up
to more than 1m from the surface). The boundary of the sanctuary area towards
the Forum square provided a more mixed dataset, where the GPR investigation
recorded a disturbed area, perhaps to be understood in relation to levels of rubble,
unidentifiable arrangements and other traces of destruction.
Finally, at the centre of the podium the GPR recorded at different depths linear
anomalies with an orthogonal development that indicates the survival of masonry
that may refer to the foundation system of the central building (Fig. 14).
F.B.
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Fig. 14. GPR survey
in the podium.
Time-slices relative to
depths between 0.40
and 0.70 m.

Comparison and integration of the data
From a comparison of the results of the non-invasive investigations with the articulated history of the sanctuary and its complex stratigraphy, information emerges
that is also very useful to verify in Pompeian contexts the interpretation of the
geophysical method, and in other cases suggestions for individual areas that will be
examined by context (Fig. 15).
1- The excavations of Maiuri and the edition of the diaries by De Caro indicates
the presence of a trachytic tuff wall that from the SE corner of the temple podium
extended towards south for about 3.60m until it was destroyed by the construction
of the late Hellenistic cistern. A review of the excavation diaries has provided further information about this structural presence and to better detail what has been
known so far. On January 26 1931 a trench was opened between the temple podium and the portico, on the eastern side of the sanctuary, which identified archaic
material mixed with more recent finds. Work continued the following day. On January 28th, while continuing the excavation of the trench, new material emerged,
among which the crown of a nimbata antefix with a roof tile that could hypothetically be identified with an element similar to that in a drawing made by Oliva (Fig.
16). The most significant discovery was structural: ‘ … da un assaggio fatto nella
stessa area e precisamente intorno all’angolo SE del podio si nota l’esistenza di un
blocco di tufo trachitico posato sulla terra vergine alla profondità di m 0,70’18. On
18

De Caro 1986, p. 127 (transcript of the excavation diaries, here as in the news that is cited
later).
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Fig. 15. Overlap of
the De Caro excavations map to the
GPR mapping. On the
right, particular zoom
on the east side of the
podium.

the 29th January ‘continuandosi l’esplorazione nel cavo al di sotto dell’angolo del
podio si mette allo scoperto un altro blocco in prosecuzione del primo, a sud. Nel
terreno di riempimento intorno a questi blocchi si raccolgono pochi frammenti di
ceramiche greche, bucchero e frammenti fittili architettonici policromi’.
On the 30th January the excitement of the important discovery is discernable behind
the screen of the plain language of the excavation diary: ‘Considerata l’importanza del trovamento dei due blocchi di tufo in situ, con tutta la forza degli operai
si allarga il cavo a S, mettendosi allo scoperto altri tre blocchi di fondazione, dei
quali l’ultimo a S mostra anche l’attacco di un secondo filare. Non è stato possibile
procedere avanti nell’allargamento del cavo a S perché ci si è trovato dinanzi alla
parete del primo tubo della cisterna’. On the 1st February the structure was cleared
and its dimensions are recorded in the diary: five blocks, for a total length of 3.60
m, an average width of 0.46m, a height varying between 0.70m and 1.20m. The
structure was interpreted as a foundation on which rested a single block of the
second row19. As noted above, the wall was discovered at a depth of 0.70m. The

19

De Caro 1986, p. 128.
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importance of this discovery was not missed by De Caro20. It is recorded how in
the continuation of the work an attempt was made to find a symmetrical wall on
the western side of the Hellenistic podium but without success21, therefore it was
preferred to assume that the wall could match the one found under the foundations
of the perimeter wall of the house of Trittolemo, adjacent to the sanctuary, based
upon the evidence that with the former shares a similar orientation and thickness.
Between the two was a distance of around 25m, sufficient to reconstruct a small
sacellum probably oriented east-west22. However, instead of the hypothesis of a
continuation of the archaic temple in the same area of its Hellenistic reconstruction as Maiuri assumed, it can now be confirmed that to this piece of wall it is possible to connect a finding of the second campaign and from evidence recorded by
our survey. On the 5th February 1943, in a trench located at the southeast corner of
the temple podium, a segment of the wall connected to the one previous described
was discovered23. The discovery took place during the excavation of a trench that
examined the southeast corner of the podium, moving towards the west across the
front and towards the north on the western side, widening until it reached the tuff
pavement at the edge of the porch.
‘Nel corso dello scavo, a m. 0,70 dal piano attuale e a m. 1 circa dall’imposta di fondazione del basamento [del podio], si discoprono due blocchi irregolari di tufoide

20
21

De Caro 1986, p. 6, n. 2.
De Caro 1986, p. 128: 4th February: ‘Per disposizione del signor Sovrintendente si compie un
altro saggio davanti all’angolo SW del podio del tempio fino a raggiungere il muro N dell’ultima cisterna, allo scopo di trovare tracce di un’eventuale costruzione di tufo, ma senza alcun
risultato’.
22 It is now known that between a wall near the eastern side of the podium and the wall of
Trittolemo runs an archaic road that makes it difficult to provide this unitary reconstructive
hypothesis.
23 De Caro 1986, p. 142, saggio XV (o XVI?), tav. Ib.
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Fig. 16. Architectural
terracotta found
during the Maiuri
excavations in the
sanctuary of Apollo
(drawing R. Oliva).

vulcanico di colore giallastro, i quali si trovano orientati l’uno di seguito all’altro da
sud a nord in senso parallelo alla fiancata del basamento. I blocchi riposano sopra la
sottostante falda di terreno vergine e misurano, rispettivamente, m. 0,76x0,48x0,55
di altezza e m. 0,45x0,45x0,20’. The blocks appear in the general plan of the excavations of the second season24. The ‘tufoide giallo’ is a material used in the archaic
phase of Pompeii. It was extracted locally and was also used to build the archaic
base found reused in the podium25. With a targeted intervention, in 1983 De Caro
tried to locate the wall but without success: his trench, as positioned on the general
plan26, in order to reach the wall should have been positioned slightly further east.
The extent of the first season can be associated with the second with a void at the
centre. We can therefore reconstruct a single wall that runs a short distance from
the podium, about 1m from the alignment of the foundation: parallel to this wall it
lies on the natural soil, about 0.70 m from the current level, and it can be followed
for a stretch that, including the spaces, arrives at about 6m. It is cut to the south by
the construction of the late Hellenistic cistern.
The geophysical survey recorded in this section a clear linear anomaly that runs
a short distance from the podium until almost reaching the front square, as is lost
at the point where the remains of the archaic wall emerged during the Maiuri
excavations: in this segment the historical excavations and their fill, together with
the presence of the wall of the cistern, may have disturbed the GPR signal. The
anomaly is a strong reflection which becomes a linear feature that can be observed
for an overall distance of about 10m in Fig. 11, which is observable at a depth of
about 0.80m. Although perhaps forcing the interpretation, it is possible to see it
almost curving, defining a right angle just before the southern front of the Hellenistic temple: a partition of the archaic temple? Similar disturbed traces can also be
read in the temple’s north and east open corridors, although they are mixed with
the trenches of the previous excavations and it is not clear of these anomalies can
be attributed to a meaningful search for the archaic temple.
Returning to the area to the east of the podium, it is perhaps possible to identify the
only part of the archaic temple not included in the perimeter of the late Hellenistic
temple in the GPR traces and wall sections brought to light by the historical excavations. The evidence would therefore confirm that the latest temple overlapped
the earliest one by dismantling it and reusing its remains, leaving the foundations
that can only be investigated on the eastern side as it is only here that they are not
completely covered by the area of the Hellenistic podium.

24

De Caro 1986, tav. Ib. The excavation in question is reported with the number XV in the
summary table of De Caro: tav. II.
25 De Caro 1986, tav. V.
26 De Caro 1986, tav. II, AP83.
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Working from a comparison with the plan of the De Caro, the almost exact correspondence of the areas characterized by low reflection values of the radar signal,
shown on the slices in blue, compared to the position and size of the trenches of
Maiuri, allow the precise recording of the history of the excavations in this area,
and therefore to obtain once again useful information for the application of geophysics and its potential in relation to the unique circumstances of Pompeian
archaeology.
2- Earthen road and retaining walls, western sector of the sanctuary. The excavations have recorded the north-south passage of the road between the perimeter
wall of the house of Trittolemo and the western portico of the sanctuary where
a retaining wall of the pianciti has emerged. The road, which its origins in the
first half of the 6th BC, is composed of a tight sequence of layers of compacted
earth, reflecting progressive upgrades to the road surface. With the late Hellenistic
reconstruction, it was obliterated and covered by perimeter porticoes. The geophysical survey revealed significant anomalies also in this case. A comparison with
the excavation carried out during the 2017 campaign in the western portico makes
it possible to interpret the radar reflections recognizable along the same wing as a
trace of the presence of the road even in the northern half of the portico (Fig. 17),
of which the remains of the retaining walls can also be read with good accuracy.

Fig. 17. Radar section acquired along the western portico of the temenos. The arrows indicate some of the reflections to be attributed to the sequence of
road levels identified by the archaeological excavations (2017) in the southern sector, and which suggest its continuation also in the northern half. To the
progressive metric 7 and 32, structural residues referable to retaining walls.

3- Cistern with a corridor of the mid to late Hellenistic period. The cistern extends
between the portico of the forum and the eastern portico of the sanctuary. The
cistern was decommissioned during the late Hellenistic reconstruction of the porticoes of the sanctuary and the redefinition of the forum. The section under the
sanctuary was rediscovered during the excavations of Maiuri and subsequently the
rest of the structure underneath the porticoes of the forum was found during the
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excavations of the trenches for the electrical system in 1980. It appears as a clear
anomaly at the location of the fourth intercolumn from the south: it extends as far
as the central cistern for whose construction it was cut. Of the other cistern, present in the northeast corner of the sanctuary, the survey revealed a more complicated trace that could perhaps help relocate it in the space prior to the construction
of the portico27. The uncertain definition may perhaps depend on the upheaval
that affected this area with the war damage and the reconstructions carried out to
restore the monument. An archaeological excavation conducted near the opening
of the well which belonged to the monument, revealed it had been buried by the
levelling made after the war by reusing the rubble of the collapsed walls.
4- Late Hellenistic cistern. The structure was built in the same building phase as
the portico from which it collected the water from the roofs through channels and
corner drains made with decantation basins. It is composed of six corridors built in
concrete and opus incertum, covered internally with hydraulic mortar with barrel
vaults28. It makes up a large part of the sub-foundation floor in the front square of
the sanctuary.

Fig. 18. Podium of
the temple: 'vespaio'
inside (relief R. Oliva).

It was abandoned and decommissioned in the early Imperial period and is still partially filled with a loamy soil that contains a considerable amount of waste material.
Only the first southern corridor may be investigated via the drains that collected
the water and the ancient access points for maintenance. A small part of the fill has

27
28

De Caro 1986, pp. 13-14 e 18-19.
De Caro 1986, p. 13.
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been investigated by excavation. For its construction a large, deep rectangular area
was opened, the walls and floor were built in masonry and it was finally vaulted.
The prospection clearly identified the perimeter walls and at a deeper level recorded the feature as an extended anomaly.
5- Podium of the Hellenistic temple: central wall. The temple podium was divided
into rectangles by walls intersecting at right angles (Fig. 18). The partition for the
isolating walls began at a wall located at the centre of the rectangle. The prospection shows very clear traces of the division of the walls.
F.B., C.R.

Final considerations on the geophysical campaign
In evaluating the combination of archaeological data and geophysics for the study
of Pompeii, this research demonstrates once again the importance of an integrated approach in dealing with such a complex context, and in this specific instance
which was further complicated by the long and convoluted history of the site and
the difficultly in precising positioning the previous archaeological investigations.
The proposed attempt to integrate old and new data appears to have been successful, favouring a correct understanding of the documentation and above all
the data derived from geophysical prospection, which have found substance and
agreement in the new stratigraphic data and in the correct interpretation of the old
excavation reports.
The high-resolution GPR survey in the temenos of Apollo and its compliance to
the archaeological data, allowed a precise calibration of the GPR in respect to the
Pompeian subsoil, and therefore an exact correspondence with the depth and nature of the archaeological targets. This was considerably aided by the review of the
excavations of Maiuri by De Caro and the results of the most recent excavations.
In this regard it is worth noting that GPR, although intricate to read precisely because of the sensitivity of the technique to any discontinuity and heterogeneity in the
subsoil, seems suited to the local reality and its profound transformations of which,
for the most ancient phases, few and faint traces are preserved, often compressed in
the buried stratification but potentially identifiable with geophysics if conducted
with a detailed analysis and oriented where possible by archaeological discoveries.
Among the significant acquisitions, it has also been confirmed the ability of the
system to detect and return with a high degree of accuracy the buried water collection and purification system, and thus to contribute effectively to its understanding and reconstruction. Other observations can also be made on the possibility of
identifying the materials of the buried structures, which in this case study allows the
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relating of the signal amplifications recorded to the construction materials employed. These suggestions may also open up interesting prospects for future research.
F.B.
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Clementina Panella, Emanuele Brienza, Lorenzo Fornaciari

Rome, Colosseum square and NE slopes of the
Palatine hill: toward an integrated 3D system
for stratigraphic data management and
ancient urban landscape reconstruction

The investigations carried out in the valley of the Colosseum and on the NE slopes
of the Palatine have disclosed a complex sequence of urban and monumental interventions whose documentation has inevitably produced a vast amount of data that is
difficult to manage without the aid of an information system. With the recent development of new applications, it is possible to create a system for the integration and
visualisation of archaeological data, both in two and three-dimensional format, and
to experiment with new criteria and methods for the combined and effective use of
documents of a different nature.
We want to thank the staff of the Parco Archeologico del Colosseo (MIBACT) for the
permission and support to our work, in particular Dr.sa Giulia Giovanetti.

Introduction
The urban landscape lying between the Colosseum valley, the northeast slopes of
the Palatine hill and the Temple of Venus and Rome is the result of multiple urban
changes occurring here during past centuries.
The current appearance, if we consider the floor in use today and the monuments
present, reflects the aspect reached during the 4th century C.E. (Fig. 1). It must
be said, of course, that what we see today is the result of spoliations and diggings
made in this area of the city since the end of antiquity.
If it is true that the Colosseum and the Temple of Venus and Rome survived (more
or less) these destructions and abuses, it is also clear that today they live in a metaphysical space because the urban connective system they belonged to does not
exist anymore.
The first and substantial coup de grâce was given to this zone by interventions made
in the first half of the 19th century (during Napoleonic administration and subse-
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Fig. 1. The investigated urban district and
the excavation areas.

quent papal restoration) and later at the end of the same century, when Rome
became the capital of Italy: all of these activities were planned in order to restore
the levels of the ancient city and to enlarge the valley area; sadly this included the
destruction of the medieval remains.
The second act, responsible for the isolation of today’s ancient architecture, happened during the fascist regime, when the Velia hill was almost totally demolished
to build the brand new Via dell’Impero (now Via dei Fori Imperiali), linking the
regime square, Piazza Venezia, with the Colosseum and after, to enlarge via di
San Gregorio, renamed Via dei Trionfi, leading from the Colosseum to the Circus
Maximus. On this occasion two imperial “ruins” were demolished: the base of the
giant statue of Nero (the Colossus) and the Meta Sudans, a monumental fountain
built in the Flavian era.
It is within this framework that the department of Antiquity Sciences of the Sapienza Rome University started in 1986 its archaeological excavations, first at the Meta
Sudans (with an extended area going from the Arch of Constantine to the Colossus
base) and later, from 2001, at the NE slopes of the Palatine hill, along the actual Via
Sacra, reaching the Arch of Titus. The goals of these investigations were:
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• to reconnect a very important monument such the Meta Sudans with the
surrounding ancient topography
• to restore the connection between the Colosseum valley and the Palatine hill
interrupted by destructive activities carried out from the end of antiquity.
During our excavations we have adopted the “big areas” strategy and the stratigraphic procedure1: we have investigated an area of about 4500 square meters,
reaching a depth, were possible, of 8/9 meters, chasing the millenary history of this
urban zone, from the first settlement at the foot of the Palatine hill (10th century
BCE) to modern age spoliations and activities, including the contemporary city
services and infrastructure (water pipes, electric lines and underground B line).
In order to reconstruct the original geomorphology, continuously modelled by
human activities, we have conducted geophysical investigations, such as by means
of augers or using tools such as ground-penetrating radar and resistivity2.
To make an extreme synthesis of the main results3, starting from the remains of
Iron Age huts, found along the slope, we move on to an early urban planning witnessed by the presence of two sanctuaries dating to the Roman Kingdom (8th-7th
century BCE) located along both sides of the ancient road leading to the Roman
Forum: one of them has been identified with the Curiae Veteres, linked to the ancient Roman tradition and frequented until the end of antiquity. A residential zone
along the road is documented from the archaic period: subsequently this area has
been periodically rebuilt until Augustus age. In this period here, at the meeting
point of five of the 14 city zones he first Meta Sudans was constructed in front of
the Curiae Veteres, which were also renewed in monumental shape during the years
of the emperor Claudius. After the big fire of year 64 Nero planned a deep transformation of the area linked with the building of his Domus Aurea. In the years
between 64 and 68 CE it was carried out a reorganization of the roads assigning
them a regular and orthogonal shape. The following urban planning of flavian
emperors was focused instead on restoring a public dimension to this sector with
the construction of the Colosseum and its square together and the rebuilding of
the sanctuary and the Meta Sudans. Another big urban change will happen during
Hadrian’s reign with the construction of the Venus and Rome Temple and, on
the other side, of a long storehouse flanking the porticoed street direct to Forum.
As a result of a further fire, broke out at the end of the 2nd century, the area was
rebuilt again by the severian dynasty: in connection with the reorganization of the
1

On the archaeological meaning of the terms “strategy” and “procedure” see Barker 1977, Harris 1979.
2 Arnoldus-Huyzendveld and Panella 1996; Piro 2006; Panella, Piro, Zeggio and Brienza 2008.
3 About the results of the excavations see: Panella 1996; Panella et al. 2006; Panella 2011; 2013;
Panella, Zeggio and Ferrandes 2014; Saguì, Cante and Quondam 2014; Saguì and Cante 2015;
Ferrandes 2016; Brienza 2016; Papini 2019; Panella et al. 2019.
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imperial palace the north east Palatine’s substructures were transformed and the
constructions at the feet were replaced by a new building commonly called “Bagni
di Elagabalo”. In the 4th century CE, in fact, a banquet hall with a small bath was
created inside this complex; during the same century the Meta Sudans and the Venus and Rome Temple were restored and finally the Constantine’s Arch was built.
From the micro-history of the excavated area it has been necessary to skip to the
macro-history of the whole ancient urban district, of whose landscape our investigations discovered very few parts: our research had to take into consideration the
previous archaeological literature about the settlement vicissitudes of the whole
Palatine, as well as of the Oppio, Celio and Velia hills; for the same reason we have
acquired the data of geomorphological research focused on these zones4.
Dealing with this purpose, we had to use computerized information tools for
data collection and management, articulated into distinct chronologies and with
graphic outputs able to reproduce the ancient spaces and their transformations
over time, on a small and large representation scale.
C.P.

The archaeological record collection: techniques and procedures
The stratigraphic excavations have produced a large amount of material evidence
related to ancient buildings and architecture of great impact, distributed over hundreds of years. In particular, the physical overlap of structures following the development of diversified urban systems is strongly linked to the environmental, topographical and stratigraphic continuum whose surviving traces must be connected
in shape, place and time to an entire sequence of actions, in order to understand
the general history of this ancient city zone.
All of this leads us to an attempt to reconstruct the historical events of an enlarged
urban landscape, changing over the centuries from its first settlements to the present day.
This is why other investigations were carried out, together with the excavations,
aimed at identifying and correctly positioning the archaeological and morphological evidence of the surrounding areas, reconsidering them in the light of the new
results coming from updated technology.
The historical sequence reconstructed for the excavation areas was therefore contextualized in a wider urban historical framework, traced through the study of pre-

4

For the geological study of these zones see Funiciello and Rosa 1995; Funiciello et al. 1995;
Funiciello, Lombardi and Marra 2002; Arnoldus-Huyzendveld 2016; Del Monte 2018.
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vious bibliographies, archive data and historical cartography. The archaeological
records collected during these operations were linked to a general map developed
in a GIS environment, made up of several distinct plans combined into a unique
reference system by overlay mapping procedures: the vector cadastre of Rome,
the digital cartography of the Municipality plus several rectified aerial photos and
satellite images. Over this base-map we have georeferenced several historic cartographies, in raster and vector format, such as Nolli’s Nuova Pianta di Roma (1748),
some sheets of Lanciani’s Forma Urbis Romae and the cartographic atlas Media Pars
Urbis made by V. Reina in 19115 (fig. 2).

Using the data collected from stratigraphic and geoarchaeological investigations,
from surveys and historical cartography, two digital terrain models have been developed: one related to the Augustan age and the other suggesting the situation after
the 64 big fire and Nero’s massive interventions. Those DTMs are the basis of virtual
urban scenarios, modelled in a 3D environment, that can be navigated following a

5
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Brienza 1998; Panella, Fano and Brienza 2013. On historical mapping of Rome see http://mappingrome.com/team/; for Nolli map see also http://nolli.uoregon.edu/ by Oregon University
and the other project, by A. Ceen and J. Tice, at https://nolli.stanford.edu/maa.html.
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Fig. 2. Historic
cartography analysis:
the Nolli Map (1748)
over the digital
cadastre of Rome (M.
Fano)

diachronic exposition and associating each monument to its period, with the option
to converse interactively with each architecture in its specific temporal version6.
Regarding the stratigraphic excavations record, an enormous and heterogeneous
amount of information was produced in the face of a really complex ancient layering process.
At the beginning we started to collect data in analogical and paper format, but
later, with the increasing accessibility of electronic and IT technologies, the information gradually took a predominantly digital form. In this context the traditional
survey and drawing techniques in archaeology have been continuously updated
and tested in terms of accuracy, reliability and practicability 7.
Despite the use of different tools, the approach in data collection has remained
unchanged: for each individual trace of anthropogenic or natural action, plans, sections and elevations were generally produced in 1:20 scale (for some particular evidence we also used 1:10, 1:5, 1: 2 or even 1:1 scales); for each stratigraphic unit (or
context), moreover, photographs were taken and specific file-cards were compiled,
according to the standard formats established by the Istituto Centrale del Catalogo e
della Documentazione (Italy’s Central Institute for Catalogue and Documentation).
Generally, the graphic documentation has been divided into two distinct levels;
the first is composed of all the drawings made during the excavation: these have
absolute priority since they are the only testimony of what has been removed and
therefore, in addition to their ethical and legal value, the post-excavation interpretation process depends heavily on their accuracy and completeness.
The second level consists of graphic elaborations produced annually in order to
reproduce on a single document the complete archaeological evidence brought
to light during each campaign and georeferenced into the urban context (fig. 3).
These “periodic documents” testify to the situation left at the end of the excavation
campaign and are fundamental proof of what has been done. The graphic documentation was completed by sections, generally and elevations, generally drawn
at 1:20 scale, with a very detailed representation of masonries, layers, soils and
“negative” contexts in their vertical stratigraphic development.
All of this documentation was initially produced by hand on nondeformable paper, by direct-drawing techniques supported by a total station following survey
procedures increasingly integrated over the years. When the archaeological evidence could be comparable to flat surfaces (floors or wall facades), we used photo6
7

Panella, Fano, Brienza and Carlani 2008.
About archaeological surveying and drawing see: Giuliani 1983; Medri 2003; Bianchini 2008;
Giorgi 2009; Remondino and Campana 2014; Brienza 2016b; Zachar, Horňák and Novaković
2017; Bianconi 2019.
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rectification techniques considering, of course, the limits of application and accuracy of these tools.
During post-excavation work other graphic documentation has been produced to
support the archaeological interpretation process: mainly thematic sections and a
period/phase map; in the early years made on paper (and then digitized) but later,
after 2000, directly produced in vector format (by CAD or GIS software) making
easier the digital reconstruction process of the archaeological record.
From 2007 we started a working cooperation with the CNR-ISPC (Institute of
Sciences for Cultural Heritage of the National Research Council, formerly ITABC)
in order to test several 3D survey tools and techniques and verify their value and
practicability in the archaeological field. This activity mainly concerned the architectural complex called Terme di Elagabalo and saw the use of different approaches:
from close-range digital photogrammetry, made with image-matching tools, to
laser scanning, as well as the production of general ortho-photo-maps with different techniques; semi-aerial, taking photographic series from the basket of a crane,
and using UAV devices (Fig. 4). The use of these techniques was motivated by the
configuration of the area itself, characterized by the overlap of big architectural
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Fig. 3. Digitalization
and georeferencing
of end-of-excavation
yearly maps (hand
drawings).

complexes: our first goal was to create a general survey of the monument, including all archaeological and architectural evidence, in which to contextualize the
results of imminent stratigraphic excavations and the detailed research on ancient
masonries carried out in order to integrate the ancient chronologies with specific
building procedures.
The huge collected data volume has required a tool dedicated to archaeological
record contextualization and assemblage but also able to suggest new elements for
research development.

Fig. 4. Different
survey tools used
during archaeological
excavations (years
2003-2013).

To achieve this target, all the drawings and graphic elaborations (as well as all the
features represented inside) were digitized by CAD, following a regulated process
of data vectorization, and georeferenced in a single general spatial archive. Here
every single piece of archaeological evidence has been linked to the related written
data (as well as to the photos) recorded in a dedicated DBMS. In this way, a digital
version of the entire excavation archive is managed by an intra-site GIS (designed
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since 2001) for data-retrieving and spatial analysis but also for archaeological thematic layers and reconstructive model elaboration8.
This intra-site GIS for excavation is integrated with the information system dedicated to ancient landscape analysis that we have already described above. They both
belong to a single tool focused on multiscale reconstruction of this urban sector,
where the detailed stratigraphic evidence is recomposed, compared and contextualized (for each historical period), with the results of wider surface investigations.
This system has been continuously implemented and updated over the years, adding information from new excavations and investigations but also following IT
technology innovations: however, since our GIS platform, up to now, was able
to manage easily, consistently and in a single environment, just two-dimensional
documents, only this type of spatial data have been processed together with spe-

8
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About this system, its integration and its updating see Brienza 2006; Panella and Brienza 2009;
Brienza 2016, pp. 31-16.
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Fig. 5. The intra-site
GIS: different analysis
levels.

cific 2D documents elaborated from 3D surveys, like vertical or horizontal orthophoto-maps (fig. 5).
E.B.

New analysis tools
In recent years, the use of image-based-modelling photogrammetry techniques based on Structure From Motion has proven to be effective in making accurate 3D
surveys and reproducing the aspects of archaeological features, seemingly almost
real, using photographic textures (Fig. 6). Requiring not particularly expensive
equipment, being able to detect objects in three-dimensionality with a certain
precision and speed, and making simple the elaborations of ortho-photo-plans,
this technique gradually joined the traditional documentation procedures (without
totally replacing them) and allowed us to propose three-dimensional sequences of
excavated stratigraphy and digital reproductions of ancient artifacts, suggesting
their virtual reconstruction or digital restoration (Fig. 7) 9.

Fig. 6. 3D survey and sampling of ancient structural
features.

Fig. 7. 3D sequence of excavated stratigraphy.

When we started to
apply this 3D survey technique in
high-detailed mode
for ancient structures, we decided also
to update the criteria
of their analysis on
written records following some research
guidelines suggested
by specific studies on
ancient architecture, in particular the
“archaeology of construction” 10. We have
planned a new filecard format dedicated
to recording infor-

9

Brienza 2016 pp. 97-99 and 117-138; Fano 2016, pp. 71-75. On virtual restoration see also
Limoncelli 2012.
10 See the proceedings of several workshops held on this topic: Camporeale, Dessales and Pizzo
2008; Camporeale, Dessales and Pizzo 2010; Camporeale, Dessales and Pizzo 2012; Bonetto,
Camporeale and Pizzo 2014.
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mation about the logistics of the ancient building yards and the related dynamics
of material production and construction organization, in addition to data relating
to their measurements, composition and nature (Fig. 8).

In this way the chrono-typological analysis, which traditionally focuses on the recognition of the single building features through aspects of their material, has been
expanded upon with the collection of information related to construction methods such as, for example, structural expedients for static stability of the building,
specific material selection in relation to particular needs, or quantification of the
work in terms of time and number of workers. Defining trends, measurements and
treatments of specific building materials can help us to identify diachronically the
processes and resources of the ancient construction yards, while the stratigraphic
analysis of the walls with its identification of constructive temporal sequences is
crucial to understanding the formative dynamics of the ancient architectures and
must be done through observation of details and on the basis of a precise and clearly legible survey11.

11

For structural stratigraphy and archaeology of architecture see Brogiolo and Cagnana 2012.
See also the Italian journal Archeologia dell’Architettura, published since 1996, and the Spanish
journal Arqueología de la Arquitectura, published since 2002.
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Fig. 8. File-card for
structural features
recording.

Obviously, in order to normalize the data entry and editing, we have encoded
standard taxonomies for fields like Definition/Typology/Techniques/Masonry and
controlled vocabularies for fields like Aggregates-Materials/Shape/Dimension/Arrangement or Vestment-/Finishing/Laying/SpecificSetting and so on; this descriptive
apparatus for ancient masonries is appropriate for the antique architecture of Mediterranean Basin and the terms and the criteria that we have used to build it have
been collected during on-field experience and the associated study of the wide
bibliography about this topic12.

Fig. 9. Actual DEM
of the investigated
urban district.

In addition, the detailed morphometric information derived from autoptic analysis
of samples taken from wall facades (normally their size is 1 square meter), is managed by sub-cards where every “constituent” feature (i.e. brick, block, etc.) is organized by type, use/reuse, material, manufacture, finish, and measurements. This
tool automatically calculates the percentage of the constituent/conglomerate ratio,
but also the dimensions of the components, with their degree of homogeneity and
variability; it is also possible to evaluate chronological factors in ancient buildings,
such as the extent of resource supply, the reuse index, and building materials’ se-

12

See footnote number 10 and 11; in particular see Brogiolo and Cagnana 2012, pp. 47-59.
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lection level: proceeding in this way we try to refine the chronological sequence
of each single building.
Finally, we have updated the territorial study producing a digital elevation model
in order to compare the current state with ancient surfaces: this DEM was produced through the interpolation of the altimetric data available at the Geoportale della
Regione Lazio13 and subsequently recalibrated on the basis of the altimetry detected
during the annual topographic campaigns (Fig. 9). For the study of the urban landscape, it is an additional basis on which we can project the stratigraphic evidence of structures and infrastructures (ancient roads, sewers, terraces, substructures)
inextricably connected to the original morphological configuration; here we can
verify, using the deepest stratification data, our environmental reconstructions for
the most ancient periods.
E.B., L.F.

Towards an integrated system
The stratigraphic excavations today are completed and the final state of graphic
documentation is made up of two blocks: on one side the bidimensional dataset
managed by GIS (surveys, drawings, photos, pictures and alphanumeric data) on
the other the three-dimensional raw-data produced during years of research using
different tools, excluded from integrated GIS analysis due to the technological
limits described above.
The recent development of software capable of true and dynamic management of
3D spatial data (together with two-dimensional ones) is pushing us towards an attempt to unify all our information: now we want to create an integrated management system of the whole archaeological record collected on multiple dimensions,
experimenting with new criteria for the combined use of documents of a different
nature.
It must be added that in some documents, of both kinds, it is possible to retrieve
information relating to stratigraphic masonries no longer visible today because
they have been reburied.
Today, through a survey and cataloguing project of all the visible ancient structures, it is possible to unify and compare past and present documentation, with the
hope that the recovery and systematization of information will give a new contribution to the stratigraphic and historical interpretation of ancient architectures,
highlighting the ancient building palimpsests that can still tell about the history of

13
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this place, even if they have been hastily reburied or covered by restoration works.
(fig. 10).
We will perform a general review of all the documentation produced in the Bagni
di Elagabalo together with a more accurate and exhaustive study of the ancient
walls. Our aim is to clarify better the structural and contextual relationships between the Severian construction yard and the surrounding buildings and to formulate
wide-ranging and multi-temporal reconstructive hypotheses.
The purposes of this new information system can be briefly summarized here:
• create a single historical archive of all the documentation produced during
the investigations: in this way the memory of the research will be delivered
to posterity and can be consulted univocally in order to verify the operations
carried out, year by year, together with the progressive changes of the site;

Fig. 10. Traditional
survey and 3D survey
data integration.

• build an integrated management system for the collected archaeological record, both in two-dimensional and three-dimensional format: in this framework new methods can be tested for the effective use of different data;
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• design a new tool for archaeological analysis linked to the accuracy and precision of 3D surveys: this will be focused on the study of building techniques,
production and treatment of materials, organization and logistics of ancient
construction yards;
• define better the processes of use, change, destruction and abandonment of
the monuments inside the wider urban historical landscape, defining crucial
periods for the transformation of the city: in this way it will be possible to tell
the millennial history of Rome in a clearer way, using versatile and communicative documents;
• develop web shareable formats of the digital archive to make it accessible
through network archaeological resources available today14; the documents
will be designed to be addressed not only to administrative entities, but also
to the scientific community as well as to a wider audience;
• prepare a three-dimensional model as a monitoring device of the area, in
order to record the conservation, consolidation and restoration interventions
but also to control the deterioration phenomena in progress: this should be
functional for planning conservative interventions but also for identifying
the causes of pathologies.
E.B., L.F.

Data sharing
Our research was of course also focused on giving access to the scientific community and interested people not only to the data but also the analysis system that we
have prepared: paying great attention to the issues of open-data and ArcheoFoss,
we have tested the migration of the entire dataset with its interrogation and management criteria on the Qgis15 open source platform: doing this, obviously, we had
to expand our geodatabase with a section strictly dedicated to metadata, sharing
formats and a detailed description of the “origins of information”16.
Next to the module dedicated to the analytical database of the ancient walls, a new
apparatus has been created for the collection of all the data relevant to the docu14
15

See Bogdani 2019.
While it is not a problem to share a shapefiles format between different GIS products, it is not
the same for user interfaces, GUIs, or symbology, which we had to reproduce following the
options the Qgis software offers.
16 With “origins of information” we mean the documentary base referred to each archaeological
context: here, in comparison with the meaning of same terminology used by the SITAR (the
ministerial archaeological information system of Rome: see Ruggeri and Cecchetti 2011; Serlorenzi et al. 2012), no reference is made to administrative nature contents.
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mentary base. Here, photos, 3D models acquired from scratch, sections and elevations, as well as extracts of historical cartography, drawings and all the graphic
documentation produced during the excavations, have found their place in the
form of attachments.
In this way, through a simple query, it is possible to trace the whole corollary of raw
and elaborated data that constitute the starting point for the analysis of each context.
Furthermore, the external connection with 3D visualization software17 allows the
graphic quality of the photogrammetric acquisition to be appreciated and for, at
least partially, the traditional two-dimensional perspective of GIS to be overcome
(Fig. 11, 12).
Although these early developments are still far from the realization the integrated
system we want to reach, we believe that the use of an opensource software, giving
the option to consult the documentary base of each feature, represents a fundamental step in the perspective of transparency and dissemination of data.

Fig. 11. Open-source
GIS version: main
data inquiry (QGIS)

In this way, in fact, starting from the general site map, it is possible to decompose
each architecture into its structural context and features and verify the cognitive
process for each one of them: passing from photos to 3D models, then to elevations, wall-samples, up to the textual file-cards of synthesis on ancient structures.

17

We use the opensource CloudCompare (https://www.danielgm.net/cc/) compatible with main
systems and able to read the most common 3D formats.

Clementina Panella, Emanuele Brienza, Lorenzo Fornaciari

68

This further management of raw data requires time and effort: however, this seems
sustainable and necessary to offer not only an aseptic sum of data but a digital environment for data sharing and comparison of ideas.
In order to share our data inside the web community and to act in the best way for
this purpose, we are testing the export of our spatial documents (mainly shape files)
in a PostGIS archive, meanwhile we are evaluating and testing the construction of
a web-system based on QGis Server and Lizmap.
To provide us with a communication tool of easier to access, suitable also for not
particularly experienced users, we are also thinking to create a Social Network account where we can give updated news about our research and share data in KML
and KMZ formats, according to permissions granted by the Parco Archeologico del
Colosseo that manages the site of our research.
L.F.

Considerations on 3D GIS and BIM for the study of ancient architecture
Having to deal with the above issues we had to take into consideration digital tools
and approaches related to ancient architecture, recently performed on 3D structural analysis: from our first survey of actual scientific literature we detected some
elements we will have to deal with in the future development of our research.
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Fig. 12. Open-source
GIS version: 3D data
visualization (QGIS
and CloudCompare)

First of all, in the general framework, we think that it would be more appropriate
to make a distinction between software and systems.
In the first case we refer to IT applications or modular software able to manage
data, from the acquisition phase up to, through processing steps, correct outputs.
By systems we mean instead a set of procedures connected to a work flow in
which the knowledge of individual expertise contribute in the data management
and processing phases to the achievement of the desired goal. One of the basic
principles of these systems is interoperability, the chance for various professionals
to act simultaneously during the process and to exchange data through shareable
output formats.
In this perspective it seems to me that the substantial difference between 3D GIS
and BIM (Building Information Modelling) does not concern the application areas
but essentially the different contributions that these tools can give in data-processing, making the two technologies complementary rather than opposite.
In the archaeological field, the recent development of 3D GIS has led to a transition
from an exclusively two-dimensional to a three-dimensional perspective, opening
new horizons in archaeological data management and making these systems even
more useful not only in survey work integration but also in spatial analysis and
data contextualization and characterization.
Referring to BIM, we mean a management system for planning, construction and
maintenance of brand new buildings. The starting point of the entire system consists in the digital drawing of the features that make up the new constructions
together with the related structural and material information. This set of elements
can be used in simulation and validation procedures of the entire model, in order to
verify the feasibility and the static capacity of the architecture under construction.
The acronym HBIM (Historic/Heritage Building Information Modelling) identifies
the declination of BIM systems in the management, maintenance and enhancement of historical-architectural heritage18. This methodology, however, has to
clash very often with the deficit of the designing process of the historical buildings:
those, moreover, are present and concrete instead of being in digital format.
While standardized architectural elements are created in the construction of a new
building, the same levels of data discretization cannot be adopted for historical building analysis since the final result would inevitably be a simplified replica of reality.

18

About HBIM see Scianna et al. 2015; Adami, Scala and Spezzoni 2017; Canevese and De Gottardo 2017; Nicastro 2017; Brusaporci et al. 2018; Carpentiero 2018; Pratali Maffei, Canevese
and De Gottardo 2019.
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The BIM approach to historical-architectural heritage cannot be compared to that
used by contemporary architecture studios and necessarily requires a general revision of procedures, where the modelling phase cannot be separated from an accurate and detailed three-dimensional survey of the building itself.
In this sense, the range-based (laser scanner) and image-based (photogrammetry) digital survey techniques offer excellent possibilities for the acquisition of spatial data
and for the creation of three-dimensional cloud models of points (almost) adherent
to reality. These documents will represent the information base on which, through
complex segmentation operations, it will be possible to categorize the single architectural features and components: the aim is the creation of a library of objects
retaining the original morphometric elements in order to avoid simplifications and
schematizations19.
Expanding the field of application of HBIM to archaeology, in particular in the
elaboration of reconstructive models for ancient buildings, further problems are
added to the perplexities just expressed, primarily related to the conservation status
of architectural artefacts20.
In the archaeological field we almost always find buildings often brought down to
fragments of walls or just remains of foundations or also, in the most unfortunate
cases, hollow spaces that are the indirect evidence of entirely removed structures.
In addition to fragmented data, it is also necessary to consider local varieties of
construction techniques and material selection: in fact, any reconstructive hypothesis must necessarily take into account information concerning geographical
area, chronology and function. In this framework it is clear how fundamental the
contribution of tools recording the singularity of the artefacts is, highlighting their
contextual peculiarity.
In conclusion, it is evident that for the Bagni di Elagabalo the combined use of 3D
GIS and BIM systems can represent an effective practice in order to understand
the construction methods of the architecture and propose multi-temporal reconstructive models.
Using GIS potentials it will be possible to manage the complete archaeological
record in a wider context in order to correlate information not directly linked to
each architecture but compatible by stratigraphic position, chronology, typological comparisons, materials and function.
Starting from this base we will proceed then with BIM modelling, verification
and visualization of reconstructive hypotheses: our results will represent a point of
19
20

D’Andrea 2016.
About ARCHEOBIM studies see: Garagnani, Gaucci and Govi 2016; Garagnani 2017; Gaucci 2017; Bosco et al. 2018; Bosco et al. 2019.

71

GROMA 5 - 2020

arrival but also a research trigger since “le ipotesi ricostruttive costituiscono un modo
fondamentale per comprendere, tramite ciò che è scomparso parzialmente o integralmente,
ciò che invece ancora esiste”21.
The issue of “transparency” as a declaration of the philological relationship with
the information at the basis of the reconstructive model represents one of the fundamental principles of our research: this is why we are studying also new methods
for visualization and dissemination of the results22.
Using Computer Graphic solutions and Information and Communication
Technology (ICT) we will attempt to create a platform where we can share the
complex information system that has fuelled the interpretative process. In other
words, it will be a matter of creating a system that makes the archaeological experience accessible by sharing not only the results but also the process of knowledge
and interpretation that led to each hypothesis.
L.F.
CP: Clementina Panella, Sapienza Università di Roma
clementina.panella@fondazione.uniroma1.it
EB: Emanuele Brienza, Università degli Studi di Enna “Kore”
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Spina revisited: the 2008 geophysical
prospection in the light of the excavation
results

In 2008 the British School at Rome (BSR) and Archaeological Prospection Services of Southampton
(APSS) conducted a geophysical survey at the Etruscan site of Spina (Comacchio, Emilia Romagna) on
the behalf of the University of Southampton, the University of Zurich and the Soprintendenza Archeologia, Belle Arti e Paesaggio per la Città Metropolitana di Bologna e le Province di Modena, Reggio
Emilia e Ferrara. The survey was conducted during a period of excavations in a central area of the site
and aimed to place the excavation results in a wider context. This paper re-examines the geophysical
survey results ahead of a new programme of research being led by the University of Bologna.

Introduction
The Etruscan site of Spina, founded in the second half of the 6th century BC, was
discovered in the late 1950s during a programme of land reclamation work that
drained the Valli di Comacchio (Fig. 1). Previous work had discovered the rich
cemeteries in the Valle Trebba, recently the subject of a new research project
(Govi, 2017) and Valle Pega (the lagoons around Spina) with over 4000 tombs
now having been documented. When identified, the site of Spina had already been
damaged by dredging activities and the construction of a large drainage canal that
divides the site. From 1965 onward a series of archaeological excavations began,
the first immediately to the north of the aforementioned Canale Mezzano which
brought to light parts of the habitation and a north – south channel 8m in width.
The sides of the channel were reinforced with wooden posts, and evidence was recorded of perpendicular narrower east-west channels leading away from the main
channel (Zamboni 2016b, 131). Subsequently a series of excavation campaigns
were undertaken on the opposite bank of the Canale Mezzano as well as to the
north in order to try to define the extent of the site.
The geophysical survey formed part of a new programme of excavations that begun in 2007 led by the University of Zurich and the Soprintendenza Archeologia,
Belle Arti e Paesaggio per la Città Metropolitana di Bologna e le Province di Mo-
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dena, Reggio Emilia e Ferrara1. The aim of the survey was to assist in establishing
the size and urban nature of the site as well as provide further detail to the central
area of the settlement. The results of part of the geophysics were published in an
article by Izzet (2010) which discussed aspects of urbanisation that were revealed
by the survey. However, the uniqueness of the site for geophysical prospection
and the later excavations provides an opportunity to look more in depth at the full
results of the survey2.

Fig. 1. The location of
the Etruscan cities of
Spina and Marzabotto.

1

The survey was undertaken on the behalf of Vedia Izzet with the support of Christoph Reusser
and the then Soprintendenza per I Beni Archeologici dell’Emilia Romagna.
2 The text will use the generic term ‘excavations’ to refer to all excavations undertaken at the site,
regardless of the institution.
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The environmental setting
The site of Spina was situated in fertile alluvial wetlands alongside a minor river
that was a branch of the River Po. It lay close to the mouth of the river, although
today lays 12km from the coast as by the 9th century AD the river had dried up and
the coastline had substantially retreated (Fig. 1).
Excavations have shown that the city was created on a series of artificial islands where the ground level was constantly raised and stabilised using tree trunks,
reeds, branches and other organic materials (Zamboni 2017, 52; Cappuccini and
Mohr 2017, 25). The location of Spina at the mouth of the river was strategically
important for its role as one of the principal commercial centres of Etruria Padana
(Fig. 1). Despite its estimated small size in comparison with other Etruscan cities
such as Marzabotto (30 hectares) or sites in South Etruria such as Tarquinia (120
hectares) and Vulci (90 hectares), the archaeological evidence indicates, in particular through the discovery of quantities of Greek amphorae, that Spina was a
commercial port but also a city in its own right (Gras 1994, 63). Whilst Spina was
closely tied with Bologna, it seems it performed a different function to the city –
port relationship seen elsewhere, such as Caere and Pyrgi or Vulci and Regisvilla.
The town functioned more as independent centre, as testified by the evidence that
it was one of the few Etruscan cities (together with Caere) to have a treasury at the
sanctuary of Apollo at Delphi.

Survey methodology
The geophysical survey at Spina, conducted in February 2008, covered a total of
10.5 hectares divided across three areas (Fig. 2)3. As noted above, an aim of the
survey was to test the application of geophysical prospection at the site, as well as
to verify the extent of Spina and locate previous excavation trenches (Izzet, 2010:
118). The form of settlement, with wooden structures and a network of channels,
would be expected to appear in the archaeological record as a series of post-holes
and ditches, therefore it was decided to investigate the site using magnetometry.
The technique records the positive magnetic infill of these features against the
homogenous neutral background, whilst also recording positive features such as
hearths or furnaces.
The survey was undertaken using Bartington Grad 601 fluxgate gradiometers
with data collected in regular 30m grids with a sample interval of 0.25m and zigzag traverses at an interval of 0.5m (Fig. 3).
3
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The survey was undertaken by a joint team from the Archaeological Prospection Services of
the University of Southampton and the British School at Rome.
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The survey to the north of
the ‘Collettore Mezzano’
canal covered an area of approximately 5.5 hectares in
a flat and open field with
some north-south divisions
generated by disused drainage ditches (Fig. 4). An
open excavation was located
in the central area and was
surrounded by large spoil
heaps, therefore preventing the collection of data.
To the south of the canal a
second area of 1.5 hectares
was investigated which surrounded open excavations.
In the same way as the survey to the north, the area
of investigation was limited
due to large spoil heaps that
lay along the field boundaries. The third area of approximately 3.5 hectares lay to
the south east and extended
for 400m. The study area
had previously been divided
into 50m quadrants with
metal poles used as markers,
which are visible in the magnetic data as circular features of no data.

Fig. 2. Geophysical
survey areas at Spina.

The methodology adopted by the 2008 survey was
successful in mapping a range of structures, discussed below. In terms of the geophysical prospection results,
magnetometry was shown to be a suitable technique. Other methods commonly
used, such as Ground-Penetrating Radar and electrical resistivity would presumable be significantly more affected by the high water-table. Furthermore, the nature
of the alluvial sediments that filled the valley allowed features to be recorded by the
gradiometry to a considerable depth.
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Survey results
The magnetometer survey was divided across three
areas (Fig. 5). The majority of the archaeological
features were recorded in the northern area of the
survey (Fig. 6), as well as potential further features
in the south-eastern area (Fig. 8).
The survey in the northern area recorded a range
of positive and negative magnetic features against
a general low magnetic background reading. The
results have been summarised in an interpretation
plan (Fig. 7), based upon the geophysical survey
and information deriving from published excavations. The magnetic data follows a regular pattern,
with rectangular areas measuring approximately
70m by 17m, interspaced with areas of low magnetic noise, ranging around 3.2m in width. The
positive anomalies that were recorded have a regular linear geometry and are also scattered, a reflection of the different types of materials that were
recorded and the organisation of space. Immediately to the south of the central excavations (area of
Fig. 3. Magnetometer
survey at Spina (Photo Sophie Hay).
Fig. 4. Survey area
to the north of the
2007-2009 excavations (Photo Sophie
Hay).
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no data) the readings were
affected by stronger magnetic disturbance, however a
number of features, in particular a north-south stretch
of lower background readings were recorded.
In the east section of the
central survey area, the magnetometer survey recorded
broad geological features
that appear to be associated
to an earlier river channel.
This follows the same alignment as the feature recorded to the southwest
and traverses the area in a
northwest-southeast direction, creating a triangular
shape to the area of positive
magnetic readings. The magnetometer readings provide a clear edge, suggesting
that the river channel was
contemporary with the archaeological features.

Fig. 5. Magnetometer
survey results.

To the west in the central
area the positive and negative features have a clear
north-south edge, beyond
which the magnetometer
survey recorded very low
magnetic readings. In the
southwestern area a rectangular feature on a different alignment (northwest -southeast) was recorded, at approximately 17m to the west on the defined edge noted above.
The central survey area to the south of the ‘Collettore Mezzano’ and the earlier
open excavations was affected by the limited space available and the disturbance
caused by these excavations, as well as excavations which were ongoing at the time
of the survey. In the eastern part a continuation of the paleochannel was recorded, identifiable by the low magnetic readings relating to the build-up of alluvial
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Fig. 6. Detail of
the magnetometer survey results
of the northern
area.
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soils that subsequently filled
the channel. In a more central area, immediately to the
south of the excavations, an
area of both positive and negative anomalies was recorded, similar to those to the
north of the modern channel. The limited size of the
study area restricts the interpretation that can made
of the features.

Fig. 7. Interpretation
of the magnetometer
survey results.

The previous publication of
the geophysical prospection
results (Izzet 2010) presented the findings from the
central area, as the focus was
upon the clear traces of the
settlement organisation that
had been recorded. However, the 2008 survey also
extended to the southeast,
covering an area of approximately 3.5 hectares (Fig.
8). The paleochannels, recorded as irregular positive
features in the dataset to the
north were also mapped in
the south-eastern area (Fig.
9). Furthermore, several
backfilled trenches (probably relating to the excavations of 1973) were also recorded against the weaker background value. At the eastern extent of the survey,
the magnetometer survey recorded numerous positive features, interspersed with
multiple strong magnetic dipole readings. Whilst these readings mask the less magnetic features, it is clear that there is considerable anthropogenic activity in this
area of the site. The strength and alignment of the magnetic dipole anomalies
suggest that they are contemporary with the positive linear anomalies. These may
therefore be a result of cultural activity in the area, such as production or heaths,
that have a significantly stronger magnetic field. Overall, there is a clear indication
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Fig. 8. Magnetometer
survey results in
south-eastern area.

Fig. 9. Interpretation
of the magnetometer
survey results in
south-eastern area.
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Fig. 10. Detail of the
magnetometer survey
results of one insula.

of activity on an approximate east-west alignment with some indication of channels as noted in the survey area to the north.

Discussion
The excavations conducted at Spina provide an opportunity to better understand
the typology of the features that were recorded by the magnetometer survey. Furthermore, as Spina was abandoned by the third century BC (Desantis and Gaucci,
2019) and never reoccupied, the site provides an opportunity to assess the Etruscan
layout of the settlement. Other Etruscan centres that were conquered and settled
by the Romans, such as Veii and Vulci, had much of their urban settlement pattern
destroyed or obscured in the archaeological record by the continued occupation
of the site.
The site of Spina has been shown through the excavations to have been created
on a series of partially artificial islands divided by one main central channel and
various other smaller channels. This division has been interpreted as the islands
representing individual insulae following an urban pattern recorded at other sites
of the 5th century BC such as Marzabotto (Govi et al, 2020). This urban system of
waterways is seen in the geophysical data as a series of linear low magnetic anomalies, with the north – south channel the widest of the features. At regular intervals,
in particular to the west of the central channel, other narrow long linear features
were recorded that relate to the smaller waterways separating the insulae. Excava-
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tion has revealed that the central channel, between 8-10m in width and recorded
over a distance of 300m, was reinforced at the edges by two rows of vertical posts
and horizontal planks. In terms of the survey results, it therefore appears that the
fluxgate gradiometer recorded the negative fill of the channel, which differed to
the positive values of the areas of habitation. Furthermore, excavation has shown
that the edges of some channels, whilst lined with rows of wooden posts, were also
filled behind with large fragments of ceramic vases and amphorae (Cappuccini and
Mohr 2017, 25). This regular use of fired material may have also helped to define
the edges of the waterways.
As noted by Zamboni (2017, 52) the individual insulae were sometimes also divided by smaller channels that separated the houses. These features appear in some
areas of the magnetometer survey as narrow linear negative anomalies, however
excavation has shown that pottery was regularly discarded into these channels in
huge quantities, with these features originally being misinterpreted by the early
excavators as walls made of ceramic material (Zamboni 2016b, 133). If these channels had substantial quantities of dumped pottery, these features would be recorded
by the magnetometer as positive features.
The geophysical survey of the central area at Spina recorded a series of houses
with probable internal subdivisions. The recent excavation of a house (Cornelio
Cassai et al., 2013) provides the opportunity to examine in detail the features that
were recorded by the geophysical survey. The magnetometer recorded a series of
rectangular areas on an approximate east-west alignment, measuring 70m by 17m
(Fig. 10). Within these blocks of both positive and negative anomalies areas of
lower readings were recorded on a north-south alignment at approximately 8.5m,
and east-west at 35m. This division fits with the layout that was recorded by the
excavation, whereby a house (in the 6th century BC) occupied an area of circa 8m
by 7.2m, and one insula was composed of four houses (Zamboni 2016, 135).
The construction style in the earliest phase (late 6th century BC) made use of joined wooden planks, reeds and unfired clay for the walls and roofs constructed of
reeds and hay (Zamboni 2017, 55). The organic materials used would provide
little trace in the geophysical record in terms of their magnetism, although there
are some examples of the use of plaster slabs as a form of protection from dampness
and this material may perhaps be detected by the magnetometer. Therefore, whilst
the geophysics recorded the overall layout of an insula and houses, it difficult to
associate the features, such as the linear positive anomalies, as belonging to this first
construction phase.
In the second phase, dated to the beginning of the 4th century BC the excavations
revealed that there was a change in construction style with the use of shallow
foundation trenches (0.2 – 0.3m) with post holes but importantly also the use of
terracotta tiles laid horizontally and vertically which were used to prevent humi-
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dity in the overlying wooden beams (Cappuccini and Mohr 2017, 22). Therefore, as the roofs were still made of reeds and hay, the floor of unfired pressed clay
and sand, the threshold of stones and cobbles, it seems likely that the geophysical
survey recorded these wall foundations as well as the small hearths (measuring approximately 0.80m by 0.50m). The linear features, clearly recorded at the eastern
end of the insula in Fig. 10, may therefore be associated with these foundation
preparations. The insulae also contained areas outside of the houses which have
been identified as workshops. Evidence for this comes from the excavation of a
small forge for metal working that was excavated. These areas of activity, and in
particular a furnace, would have been recorded by the magnetometer survey. This
would therefore explain some of the less regular positive features that were recorded within the individual insulae.
The 2007 excavation also recorded evidence for the destruction of the house in the
final phase, seemingly caused by a fire (Cappuccini and Mohr 2017, 21). Whilst
the burnt organic material will not have been recorded by the magnetometer,
the layer contained clay that had been exposed to intense heat as well as ceramics,
which together will have created a positive magnetic anomaly. This destruction
layer may be the cause of some of the larger areas of positive readings, where the
concentration of pottery masks deeper less magnetic features.
A further feature of interest recorded by the magnetometer survey lies to the
southwest of the central survey area, 50m to the north of the Canale Mezzano.
The set of positive anomalies are on a different alignment to the insulae that have
been recorded 17m to the east. The features are separated by a wide north-south
area of low magnetic readings that are interpreted as a water channel running
along the western edge of the insulae blocks. The set of positive readings form a
rectangular shape, 45m in length and 14m in width. The anomalies have been interpreted a potential mole (Zamboni 2016b, 140, Tav.4) as a further paleochannel
has been hypothesised to the west, beyond the magnetometer survey. The feature
is of particular interest as it appears to be contemporary with the other geophysical
features, on the basis that it respects the north-south channel, but lies on a different
alignment to all the other magnetic features recorded by the survey. Likewise, as
noted in the south-eastern area of the survey, areas of backfilled excavations also
show against the weaker background magnetic readings. It is therefore a further
hypothesis that the long rectangular area may also represent the location of an
earlier excavation.
A comparison with the geophysics undertaken at Spina can be made with early
geophysical surveys conducted in 1981 and 1983 at the site of Forcello di Bagnolo
S. Vito by the Fondazione Lerici using a proton gradiometer (De Marinis 1988)
and a recent new survey of the site using multiple fluxgate gradiometers conducted by the Deutsches Archäologisches Institut (Komp et al., 2020). The survey
conducted by the Fondazione Lerici covered an extent of around 6 hectares and
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was successful in recording areas with a density of ceramic material. Furthermore,
the survey also recorded blocks of higher magnetic intensity aligned in a NE-SW
direction as well as a central road which was subsequently confirmed through
excavation. The houses of Forcello also followed a similar style and dimensions,
with houses measuring 17m by 10m. The recent new study at the site completed
using a multi-channel fluxgate system re-examined part of the area investigated by
the earlier work but also extended the survey, revealing traces of an embankment
as well as multiple buildings (Komp et al. 2020, 236).
The geophysics results of the central area of the 2008 survey at Spina were published by Izzet, including an interpretation of the magnetometry data (Izzet 2010,
Plate 1, 2). A schematic interpretation was subsequently proposed by Zamboni
(2016a, 41; 2016b, 140; 2017, Table 27a) using additional locational data from the
excavations at Spina. In the light of the various excavations that have followed the
2008 geophysical survey, there is an opportunity to update the previous interpretation of the geophysics (see Figs. 7 and 9). The original interpretation, and Zamboni’s later synthesis, identified the broad features, such as the north-south channel
and the positive linear features on each of the insulae. However, the excavations
confirmed that the east-west anomalies were also water channels, although much
narrower. It is unclear from the magnetometer data if these channels also existed
to the east of the main north-south channel, as has been hypothesised by Zamboni
(2016a, 41). Likewise, the smaller channels within an individual insula, are now
recognisable in some areas of the geophysics and positive linear anomalies can be
associated to the foundations of houses (Fig. 10).

Conclusion
The site of Spina offered a unique challenge for a magnetometer survey of an urban centre. In the absence of walls and floors constructed from stone or brick, it relied upon the presence of filled channels, ceramic materials, hearths and furnaces to
provide an indication as to the potential layout of the town. The Etruscan sites in
Etruria Padana region such as Spina, Marzabotto and Forcello appear to differ from
those in South Etruria, such as Tarquina and Veii, by implementing regular urban
grids, although at Spina the roads were substituted by a network of waterways.
Recent geophysical surveys at Veii (Campana 2019) and at the Cività di Tarquinia
(Bagnasco et al, 2018) have shown that these sites did not follow a strict plan and
seemingly developed according to the local topography of the plateaus on which
they were built. However, the geophysical survey at Spina illustrates that there
existed as early as the beginning of the 5th century BC an urban framework model
which divided the cities into distinct spaces. The geophysical survey at Spina does
not appear to have recorded areas of public space in the Etruscan town such as
been recorded at the regularly laid out city of Marzabotto where the main temple
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neatly fitted into the plan (Smith 2014, 69). However the survey has recorded the
urban organisation, where a network of water channels were constructed in place
of roads and artificial islands were the equivalent of insulae.
The reassessment of the 2008 geophysical survey at Spina has illustrates how excavation data can inform the interpretation of the geophysics, and vice versa. The
need for an open dialogue between geophysics and archaeology, as has been argued elsewhere (Keay et al., 2008), shows how much more can be learnt from a
dataset. In the case of Spina, following the recent excavations, a revision of the
magnetometer data has revealed more details about the Etruscan city. One aspect
that requires further investigation is the extent of the site. The 2008 survey was limited by modern field boundaries that may not reflect the true extent of the site. It
remains unclear if the excavated area represents just one island group of dwellings,
with other beyond the limits of the survey. Indeed, the results of the survey in the
southeast area, whilst less coherent than the northern area, suggest that there was
also settlement activity in this area. Future investigations may perhaps extend the
geophysical survey further to the east to assess the extent of this activity.
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Marco Cavalazzi

“Looking through the keyhole”: problems
and research strategies for landscape
archaeology in an alluvial plain with a high
rate of vertical growth. The case of Bassa
Romagna and south-eastern Po Valley
This paper aims to outline the main limits that a landscape archaeological project has to face examining
a floodplain with a high rate of vertical growth of ground levels, due mainly to the combined action of
subsidence and alluvial sedimentation phenomena. The investigated area is the Bassa Romagna, the
south-eastern part of the Po Valley, object of survey since 2009. The paper focuses on the characteristics
of the archaeological data collected, on the influence of the biases detected, and it presents some of the
solutions applied in order to mitigate these limits.

1.Introduction
One of the most discussed concepts in Landscape Archaeology (an “enormous
topic”1) is the archaeological (inductive) inference, the process of defining the characteristic of the whole context, starting from the analysis of a part of it. Firstly,
this is related to the practice of adopting a sampling strategy to analyse the object
of the research (the population) and, secondly, to a limit of the archaeological investigation: the sites or artefacts detected on the surface never are the totality existed
in the past because several biases affect this result.
The wave of interest in sampling theories and bias effects started in the 1960s2 and
reached its acme in the middle of the 1980s3, when the post-processual critique
started4. Particularly in the Americas, trying to avoid the risk of omitting key sites

1
2

Orton 2000, 40, with an overview on the related debate.
E.g.: Binford 1964; some prodromes reported by E.B. Banning (2020a, 4): Philips, Ford, and
Griffin 1951; Vascelius 1960.
3 Bannings 2020a, 5.
4 Shanks and Tilley 1987.
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- the so-called “Teotihuacan effect”5 -, the archaeologists started to adopt a “fullcoverage” approach, investigating the entire context, anyhow with a low level
of intensity6. On the other hand, in the Mediterranean countries, the pedestrian
surveys still prefer a high level of intensity and investigate small area of 10-25
sq. km7. This was a consequence of the debate on the biases affecting the survey
results, a discussion particularly strong in Mediterranean archaeology; in the last
two decades of the 20th century, to augment the intensity of surveys seemed the
easier solution8. Furthermore, the difference between American and Mediterranean archaeology is linked also to a different approach to the landscape. In American
archaeology the site remains the fundamental unit of analysis, while European and
Mediterranean archaeologists “have moved more clearly toward the landscape approach, with individual features or even artefacts as the basic element of analysis”9.
The impact of the biases affecting the results of a survey reaches an acme when archaeologists investigate an alluvial floodplain10; here, only an integrated approach
between different methodologies (geomorphology, topography, artefacts survey,
archaeobotany ..) can help to shed a light on past landscapes history and to limit
the impact of different kinds of biases11.
This paper aims to outline the main limits that a landscape archaeological project
has to face examining a floodplain with a high rate of vertical growth of ground
levels, due mainly to the combined action of subsidence and alluvial sedimentation
phenomena. Indeed, the case-study area is a portion of the Po Valley lowland, the
Ravenna hinterland, equal to approximately 525 square km and located near the
northern coasts of the Adriatic Sea (Fig. 1). This region is currently called “Bassa
Romagna›› and since 2009 it has been the research area of the “Bassa Romandiola›› project, which included artefact surveys, geophysics analysis, archaeobotanical
and geoarchaeological researches, and written sources analysis. The limits faced
here are characteristic of a wide floodplain area and the solutions applied would be
helpful for other archaeological research projects.

5

6
7
8
9
10
11

B. Mayer-Oakes and R. Nash at the 1964 meetings of the American Anthropological Association performed a theoretical task: they applied a stratified sampling strategy to an existing
project, the Teotihuacan Valley survey project of William Sander (1970), using a stratified random sampling strategy, according to L. Binford indications (1964); the sample missed the most
important site of the area, the city of Teotihuacan itself (see the discussion reported in Flannery
1976, 133-135).
An overview in Banning 2020a.
Alcock and Cherry 2004; Opitz et al. 2015.
Terrenato 2004, 37; Cremaschi 2000, 220-26; Cowley 2016.
Opitz et al. 2015; cfr. also Volpe and Goffredo 2014; Campana 2018, 31-42.
Vita-Finzi 1969, 101-02; Brown 1997, 1-5; Dall’Aglio 2000, 237-38; Franceschelli and Marabini 2007, 76-93.
Dall’Aglio 2000, 239; Denham 2017.
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The first section of the paper is devoted to present
the geographical and geomorphological characteristics of the case-study area,
the project history, and the
research methods; the second section is focused on
the characteristics of the
archaeological data collected, discussing in particular their limits and the
influence of the main biases
detected; the third and final
section presents some of the
solutions applied in order to
overcome these limits.

Fig.1. Northern Italy
and the Po Valley, the
Romagna region, and
the area investigated
(the Bassa Romagna).

2. The case-study area and the research project
2.1. Geography and Geomorphology of Bassa Romagna region
The Romagna region corresponds to the south-eastern part of the Po Valley; it is
today more a cultural and historical region, composed of the provinces of Ravenna, Forlì, and part of that of Bologna. The natural borders of this region are the
ancient river Po of Primaro (Reno nowadays), north of Ravenna, the Sillaro river,
westward, the Apennine ridge (approximately) and the river Tavollia southward,
and, finally, the Adriatic coastline to the east (Fig. 1)12. The lowest part of this area
is currently characterised by the presence of intensively cultivated lands, extending
between several urban centers and towns densely populated (Fig. 2). This lowland
was the result of the action of the aggradation of Apennine rivers, interacting with
the southern branches of the Po river. From the end of the 13th century this area
was identified with the name “Romandiola” and the region started to have a clearer territorial identity13. “Bassa Romagna” (namely Low Romagna) is currently the
northern and lower part of Romagna, located westward of Ravenna; it corresponds
to a historical region called “Territorium Faventino acto Corneliense” during the
Middle Ages and, from the 15th-16th centuries, “Romandiola Estensis”, because it

12
13
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Longhena et al. 1936.
Vasina and Mengaldo 1970.
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was the portion of “Romandiola” that went under the
control of the lords of Ferrara, the Estes.

Fig. 2. The peculiar
aspect of the Bassa
Romagna landscape: ploughed lands
between orchards
and vineyards (picture by the author).

From the geological point
of view, the soil surface in
Bassa Romagna is exclusively molded on alluvial and
swamp sediments mainly
represented by the layers of
the Subsintema of Ravenna
(AES 8) - dated back to last
15.000 years - and in particular the upper part of it, the Unità of Modena (AES 8a), which includes the sediments born from the 4th century CE onwards14. The intense activity of alluvial
sedimentation of the Apennine rivers is here accentuated by a high rate of subsidence, which reach one of the highest values of the southern part of the Po Basin15.
The main consequence is that the ancient ground-levels are sometimes buried
several metres deep; for instance, sometimes in the investigated region the Late
Republican/Imperial stratigraphies are buried 10 metres deep16. Moreover, this
aspect is characterised by a high rate of variability: this depends on the morphological characteristics of the ancient landscape, which alternated highlands (e.g.
inactive fluvial ridges) and depressed area (e.g. wetlands)17. These elements also
depict a very unstable territory from the geomorphological point of view, already
before the Roman Age contrasted by the anthropic actions, which were finalised
to manage the landscape to assure water drainage and supply18. This makes the archaeologists’ job in this kind of contest more complex. They are obliged since the
preliminary phase of the research to have a systematic and wide-range approach,
to take into account several possible parallel interpretations, and to consider in a
single analysis framework different kinds of data — the only approach that can
limit the imponderable.

14
15
16
17

Cibin 2014; Severi and Cremonini 2009; Marabini and Vai 2020.
Bitelli, Bonsignore, and Unguendoli 2000; Campo, Bruno, and Amorosi 2020.
Franceschelli and Marabini 2007, 78 and 194; Cavalazzi et al. 2018; Abballe 2020.
For a synthesis cfr. Castiglioni et al. 1997; Franceschelli and Marabini 2007, 76-93; Marabini
and Vai 2020.
18 Regarding the analysed area, cfr. for instance the synthesis in: Bottazzi 2000; Dall’Aglio and
Franceschelli 2012; Chouquer 2015.
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2.2. Project history and research methods
The landscape archaeology project “Bassa Romadiola” was started in 2009 and,
until now, it investigated through intensive artefact surveys approximately the
15% of the territory of Bassa Romagna (i.e. 78 sq. km of the whole context, namely 525 sq. km). Since the beginning of the research several field campaigns took
place (Fig. 3)19: in 2009, in the area of Lugo20; in 2011, in the area of Conselice21; in
2012, in the area of Bagnacavallo and Fusignano22; in 2016, in the area of Bagnacavallo and Lugo23; in 2018, in the
area of Cotignola.
The objective of the project was to
define the history of the settlement
patterns in this portion of the Ravenna hinterland, from a diachronic perspective; in particular, we
focused into trying to solve a gap
in the historiographic research,
which was not able to clearly define the settlements patterns’ transition from the Roman Age to the
Middle Ages.
The on-field research method was
that of the systematic and intensive
survey24. In the sample area, every
cadastral parcel with a minimal level of visibility (i.e. a “Topographical Unit”) was systematically surveyed by the
archaeologists, walking in parallel lines with a distance of 10 metres from each
other (the “Intensity” of the survey)25. Thus, the “Topographical Unit” was considered the box in which any archaeological find was located, as well as, anyway,
the trace on the ground of human and natural activities26. During the artefact
survey the position of every single find has been recorded with a GPS receiver,
like in a siteless survey27. Anyhow, any area with a higher density of artefacts,
19
20
21
22
23
24
25
26
27
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For a summary of the results: Cavalazzi et al. 2018.
Cavalazzi 2012; Cavalazzi et al. 2018.
Cavalazzi et al. 2018.
De Felicibus 2017; Cavalazzi et al. 2018.
Cavalazzi et al. 2018.
Banning 2002, 89-90.
Cambi and Terrenato 1994, 161-79.
According to Gattiglia and Stagno 2005.
Cambi and Terrenato 1994: 256-57. The device was a GPS Garmin 64s.
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Fig. 3. Sample area of
the “Bassa Romandiola” project, with
the different field
campaigns carried
out. Base map:
shaded Tinitaly DEM
(Istituto Nazionale di
Geofisica e Vulcanologia).

above the background scatter of the Topographical Unit, has been interpreted as
an archaeological “Site”28. In this case, the intensity of the survey increased and the
distance between every archaeologist was set to 1 metre from each other; every
archaeological find has been collected, except the architectural ones (i.e. bricks or
roof tiles). This double approach (site/siteless) allowed to map the continuum of
the artefact distribution29, preserving anyhow the interpretative category of “Site”,
useful for further archaeological analysis, the public bodies policies and the related
instruments of protection.

3.Why “Looking through the keyhole”? Limits and characteristics of
the collected data set
3.1.First of all: sampling the context
The research started already before fieldwork, with a review of the previously
known data, analysing written sources archives, previous archaeological discoveries, and the geomorphological evolution of the context30. We were not working
in a vacuum, but no archaeological field systematic research was done before in
this area. The aim of this phase was to acquire the existing knowledge on the investigated context and to define the sampling strategy of the artefact survey. The
data set produced was a geo-database in which each record was associated with
a geometric geo-referenced feature (points, lines, and polygons); it included 625
entries, divided into the following categories (Fig. 4 and Tab. 1):
• Sites and landscape features mentioned in edited written sources, focusing on
post-roman Ages (5th-15th centuries CE);
• Archaeological sites, mentioned in edited studies;
• Geomorphological features.

28

The threshold of site definition on fieldwork was related to every single Topographical Unit
and subjectively defined by the field coordinator, dr. Marco Cavalazzi; further statistical analysis
did not change substantially this preliminary distribution.
29 Campana 2018: 31-42.
30 The preliminary phase of the research was funded by the Center of Study on the “Bassa Romandiola Nord-Occidentale” of Bagnacavallo and was performed in the winter of 2008 by the
author, under the direction of prof. Andrea Augenti and dr. Nicola Mancassola.
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Fig. 4. Preliminary
database (only the sites' entries, according
to archaeoloagical
and written sources),
Landscape Strata,
and the sampled area
of the “Bassa Romandiola” project.

Categories

Typologies

Geometrical features

Sites and landscape Fortified settlements (towers and castles); Isola- Points, lines, and
features mentioned in ted houses; Churches (ecclesiae, plebes); Harbors; polygons
edited written sources Hospitals; Productive sites; Land exploitations
structures (curtes and massae); Mills; Monasteries
and convents; Open villages; Marshes; Channels;
Forests
Archaeological sites

Burial areas; Isolated houses; Castles; Churches; Points
Land exploitations sites; Productive sites; Monasteries and convents; Harbors; Nucleated settlements; Channels, bridges, and fords; Road structures; Isolated finds

Geomorphological fe- Fluvial ridges and Fluvial branches, according to Polygons and lines
atures
edited studies and their hypothesis
Table 1. The preliminary phase of the Bassa Romandiola project had the objective of summarising the existing knowledge on the
investigated area and produced a spatial database; here the entries’ categories:
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In this kind of landscape, the main challenge is to investigate the history of fluvial
systems; scholars tried to clarify their recent evolution, but the unresolved questions are still numerous31.
By crossing archaeological, historical, and geomorphological data, this first phase
allowed to divide the research area into Landscape Strata, belonging to three main
categories (Fig. 4):
• High Floodplain;
• Fluvial Ridges in Low Floodplain;
• Low Floodplain.
To adopt a sampling strategy was the only possibility in order to balance resources
(time and costs), with the objectives of the research. Furthermore, the extreme variety of the examined area forced to change the sampling strategy in each stratum,
as summarised in the following table (Tab. 2):

L a n d s c a p e Geomorphological, archaeological, Sample characteristics
Stratum
and historical main characteristics
i. High flo- Stable floodplain; Roman Age sites
odplain
in surface or buried maximum 3-4
metres deep; centuriation mainly
conserved

Rectangular transect oriented according
to the centuriation (approx. N/W-S/E)
and a within-stratum sampling fraction
of 50/100

ii. Fluvial rid- Stable floodplain; Roman and Bronges in the low ze Age buried under plough soil;
floodplain
Roman centuriation retraced in the
Late Middle Ages or not conserved
and replaced by medieval or modern
land divisions

Rectangular transects oriented N-S or
E-W, with a width of 1-kilometre multiples, which cover the whole fluvial ridges, and a within-stratum sampling fraction of 100/100

iii. Low flo- Unstable
floodplain,
generally Area excluded from the sample
odplain
marshes dried in Modern and Contemporary Age; Roman and Bronze
Age buried from 5 to 10 metres deep
or more; centuriation mainly absent
Table 2. Landscape Units categories in Bassa Romandiola projects and sampling strategy:

31

Fortunately some scholars tried to overcome this limit, as Stefano Marabini (2020, with Gian
Battista Vai, or 2007, with Carlotta Franceschelli) and Michele Abballe (2020); see also footnote
n. 39.
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Thus, by choosing different sampling fractions in each stratum - but with a systematic approach -, we applied what we can define a systematic disproportional stratified strategy32. Anyhow, we chose high fraction values, from 50% to the
full-coverage, because the previous archaeological knowledge was very superficial;
moreover, since the designing phase, we left the possibility of doing some minor
enlargements of the sample during the fieldwork, with an adaptive strategy33.
The sampled area covered 150 sq. km, equivalent to 22% of the Bassa Romagna
sub-region, and it avoided the “Low floodplain” stratum (Fig. 4)34. The transects in
the High floodplain stratum are 8, designed according to the main cadastral limits
of the landscape and a sampling fraction is 50/100. On other hand, the transect in
the “Fluvial ridges in low floodplain” stratum are 15; they are oriented according
to the kilometric grid, north-south or east-west, and designed to assure almost a
full-coverage of this stratum.

3.2. The “keyhole”: the data set collected
In the ten years of research 71 artefacts concentrations have been detected. After an
interpretative phase, they have been classified into different categories, according
to their dating and characteristics, as summarised in the following table (tab. 3).

Sites categories

Total Number

General Chronology

Castle

4

11th/13th-15th

Church

4

11th-15th

Early medieval-High Medieval house

22

8th-12th c.

Late Antique-High Medieval house

7

5th-12th c.

Late Antique house

1

5th-7th

Late Medieval-Modern Age farmhouse

8

14th-18th

Late Medieval-Modern Age productive site

6

14th-18th

Medieval Harbor

1

11th-15th

Medieval not-fortified village

2

11th/12th-14th/15th

32

Orton 2000, 30; Banning 2020b, 45. On the contrary, a proportional stratified sample adopts
the same proportion between sample and population (the “sampling fraction”) in every strata.
33 Orton 2000, 34-38 and 90-91: an adaptive strategy implies to change the sample facing some
predetermined condition, e.g. to find a relevant cluster of sites, as it was in our case. This actually happened during the 2009 field-campaign, when a cluster of archaeological sites was found
in the area of Zagonara -Lugo, RA- (Cavalazzi et al. 2018).
34 Banning et al. 2017.
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Table 3. Archaeological sites detected (2009-2018)35:

It is not my aim to discuss in this paper the settlement patterns evolution in this
area or the historical phenomena connected to that, e.g. the land reclamation processes36; as anticipated, I would like to focus on the methodological aspect of surveying such a kind of landscape. Just for the sake of clarity, the project allowed us
to find an answer to our first question: what happens in this part of Romagna after
the end of the Roman Age and how the settlement patterns evolved. Summarising,
the artefact survey identified a relevant growth in the number of the sites between
the 9th-10th centuries, the Carolingian and Ottonian Age, sometimes in continuity with Late Antique sites. This process took place according to two main trends:
a dispersed pattern (as recorded in the area of Zagonara, Fig. 5.a), as well as a clustered pattern (as recorded in the area of Bagnacavallo, Fig. 5.b). The clusterization
of the habitat appears to have been a frequent trend in Romagna lowland during
the Early Middle Ages, as already documented in other contexts of the Ravenna
hinterland itself or in the area of Cesena (40 km south of Ravenna)37.

Fig. 5. Detected sites
in the 5 field-campaigns (2009-2018)
performed since now.
In the bigger panes,
the geomorphological
windows in the area
of Zagonara (pane
A) and Bagnacavallo
(pane B).

35

The chronology of the sites can be less wide than indicated; the range reported is the widest
defined for the sites included in the category.
36 For a synthesis: Cavalazzi et al. 2018.
37 Mancassola 2008; Negrelli 2008.
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The main bias that clearly affected survey results for such a context of a plain with
a high rate of vertical growth was a macroscopic factor, acting at site-level38: the
geomorphological processes. The results of the artefact survey are drastically limited in comparison to the surveyed area. The most ancient sites have been recorded
in what we can define as geomorphological windows of less than 10 square km.
They are areas in which portions of natural paleo-soils are exposed on the surface,
or limitedly buried by alluvial phenomena (so still reachable by plowing). Generally they correspond to paleo-fluvial ridges, higher than the rest of the lowland
around. After their deactivation, they were chosen to place settlements and start
land-exploitation39: they were safe from floods, easily drainable, a suitable environment for agriculture, and natural and secure paths that crossed lowland and
marshes and linked localities. Post-depositional alluvial phenomena can bury these
landforms, making them impossible to detect simply through a micro-morphological approach40.
Thus, it is clear that interpreting these data is similar to trying to understand what
is happening inside a room looking through the keyhole.
The area around, indeed, was not an empty landscape: sites presence is attested in
the medieval written sources; buried sites are detectable in the literature and located under the plough soil level. All that:
• Greatly reduces the possibility of applying reliable inference processes, at
least based on a simply frequentist approach;
• Moreover, shows the difficulty of performing a completely correct stratification analysis of this kind of context, cause of its extreme geomorphological
variability, not totally clear before field survey;
• Finally - and obviously - limits knowledge from the chronological point of
view.
It does not mean that sampling is not useful or effective in this kind of context,
on the contrary: despite the limits, it can address the research and make it more
efficient. Moreover, it can clarify the sustainability of the research questions, which
since the beginning move the archaeologists: if your research topic is to define
how the transition from the Protohistoric to the Roman landscape occurred, to
survey the northern part of Bassa Romagna is not a good option.
38

Macroscopic biases are active at site level, while microscopic biases are active at the artefact
level (infra, and cfr. Terrenato 2004, 38-39; Given 2004, 19).
39 In this field the studies are numerous; I will mention just some main references related to area
analysed and, more in general, to the south-eastern part of the Po Valley: Cremonini 1994;
Veggiani 1995; Marabini and Franceschelli 2004; Rucco 2015, 109-14; Mozzi, Piovan, and
Corrò 2020.
40 Bondesan and Meneghel 2004, 133-134; Marabini and Franceschelli 2004, 28.
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If the impact of geomorphological biases is well-known
by landscape archaeologists
since the 1960s and 1970s41,
anyhow, the existing maps
hardly have enough resolution to represent the actual
geomorphology of an area
with such a local level of variability, as the Bassa Romagna42. Not every single window can be predicted and
dated a priori.

Fig. 6. Interpolated
raster of the surface
soil geomorphological
stability through offsite and site artefacts,
in the area of Cotignola (RA). Authors:
Alice Ferrari and dr.
Marco Cavalazzi.

Furthermore, the systematic survey itself can complete the geomorphological
knowledge of the context in
a diachronic manner. During this field campaign, we
collected all the artefacts,
in-site and off-site43. The
earliest dating of a site, or, if
absent, of the artefacts off-site, provides a reliable terminus ante quem to date the
geomorphological stability of a Topographic Unit. With a process of spatial interpolation, it is possible to extend the measure to the not sampled portion of the
context (Fig. 6)44. Obviously, “one swallow does not make a summer”: a single
artefact is not enough for that; a consistent set of artefacts is better, and even more
an archaeological site or a set of these45.
Sometimes the data set collected confirms the previous knowledge; sometimes it
can also integrate it. Geologists often base their considerations also on morphometry; the fluvial ridges are mapped frequently detecting anomalies in ground
elevation. Thanks to that, scholars mapped the fluvial ridges so-called “of San Pie41
42
43
44
45

Vita-Finzi 1969; Ammerman and Bonardi 1981; between the last: Terrenato 2004, 39. An archaeological approach to an extreme situation (all the archaeological deposits buried and hidden
by a relevant alluvial deposit) in: Corrò, Moine, and Primon 2015.
This kind of problem is discussed in: Terrenato 2004, 39.
On the use of off-site scattered artefacts: Bintliff and Snodgrass 1988; Whitehead and Stoddart
1991.
With the Inverse Distance Weighting (IDW) algorithm, we interpolated the centroids of
every Topographical Unit, associated to the value of the dating of the earlier artefact found in
it (Collins 2020, 120-21).
See below the discussion on inferencing from absence.
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tro in Sylvis” (5th-11th centuries)
and “of Bagnacavallo”(11th-13th
centuries), in the northern part of
Bassa Romagna46; these hypotheses were confirmed by the survey
and this is clearly visible in the
sites distribution map (Fig. 5.b).
Anyhow, the systematic approach of the survey allowed us to
detect other geomorphological
windows, assessing and improving geologists’ reconstructions.
This is the case of Zagonara area:
the existence on the surface of
Late Antique and Early Medieval sites suggested the presence
of an emerging paleo-soil, probably the top-soil of a fluvial ridge;
it was not recognizable through
the morphometric analysis of the
surface because it has been buried
and hidden by following alluvial
events and currently its surface is
- paradoxically - at a lower level
than the area around (Fig. 7); the
geoarchaeological analysis of the
sub-surface confirmed this hypothesis47. This paleo-soil can be
probably related to the depositional activity of the near so-called
paleo-ridge of Barbiano, partially
buried here48.
The second element that affected sites’ visibility after geomorphological factors
was the land use/land cover; the proportion between ploughed lands (high level
of visibility) and orchards, vineyard or, worst, grassland (low or null visibility),
changes radically, according to the geographical context, agrarian traditions and
policies, and geopedological characteristics. The stratum of low floodplain has a
prominence of extensive ploughed soils, mostly composed of distal alluvial deposits
46
47
48
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Franceschelli and Marabini 2007, 31-32; Marabini and Vai 2020.
Abballe and Cavalazzi in press and infra.
Franceschelli and Marabini 2007, 31;
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Fig. 7. Section eastwest of the sub-soil in
the area of Zagonara
(by Abballe, Cavalazzi in press).

Fig. 8. Three different
sampled transects:
Land use / land cover
proportion in each
one.

of clay; anyhow, the geomorphological biases do not allow to take any advantage from that (Fig. 8.a). The stratum of the middle floodplain is characterized
by a proportionate balance between different cultures (Fig. 8.b); anyhow, going
southwards, towards the high and stable floodplain, the portion of orchards and
vineyards becomes bigger and bigger, according to the more and more intense
agricultural practices (Fig. 8.c). More the burden of the geopedological biases decreases, more the relevance of land use/land cover biases, unfortunately, increases.
Changing the point of view and taking into account the artefact level (the microscopic one49), the main bias is related to the action of mechanical agricultural
instruments on artefacts’s distribution and dimensions. The Romagna countryside
has been intensively cultivated since the beginning of the 20th century and men
covered the area with orchards and cereals fields. Since that time the archaeological deposits on the surface have been destroyed and dispersed; artefacts themselves
have been fragmented in smaller and smaller sherds. This aspect is clearly recognizable in the field. The fragmentation index of sherds is relevant in any site
detected, with a substantial consequence in quantification50. Some areas, with a
density of artefacts higher than the normal but lower than the sites themselves, do
not seem simply a sort of background noise, but sites with a very low level of visi49
50

Terrenato 2004, 38-39.
Ceci and Santangeli Valenzani 2016, 20-21; Cirelli 2006.
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bility, because strongly dispersed by mechanical instruments, or partially affected
by the “traffic light” effect: a site is not clearly visible every year, but randomly, as
a consequence of the ploughing cycle51.
It is clear that all the mentioned aspects surely deserve future definitions and quantification analysis. The job of surveyors seems pretty hard in a plain with a high
rate of vertical growth such as that of Bassa Romagna.
However, is our data set reliable?
Archaeologists have to deal with the paucity of data and frequently they argue
inferring from absence, despite the adage “Absence is not evidence of absence”52.
For instance, that happens when we suggest that a site have been abandoned in
a certain period, because we do not find any diagnostic artefacts of that period53.
Similarly, what has been recorded on the surface is not representative of the subsoil and, furthermore, it can be also a false-positive: not all the concentrations are
actually a site54. Anyhow, the frequency of the negative results can have such a
degree of likelihood, to “create situations in which inferences from the absence of
evidence have a respectable plausibility”55. In our case-study all the sites in panes A
and B of Fig. 5, do not have any diagnostic artefact more recent than the 12th/13th
century; consequence: it is highly plausible they have been abandoned during the
13th century.
At the same time the statistical frequency of the recurrence of a result - so a positive
result and not a negative one - suggests a historical trend: in the area of Zagonara
between the 9th/10th the 100% of sites are dispersed, while, in the same age, in the
area of Bagnacavallo they are clustered.
This is a trend and the answer to my question has to be yes.

4. Filling the gaps
As expected, in this floodplain with a high rate of vertical growth the main bias
is obviously the geomorphological one. What was unexpected was the elevated
geomorphological variability of this area that makes any inference process harder.
The second bias, in order of relevance, was low visibility caused by intensive agriculture, which even more limited the comprehension of the settlement patterns.

51
52
53
54
55
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Lloyd and Barker 1981, 291.
Sagan and Druyan 1997, 213; for a review: Wallach 2019.
Banning 2002, 204-05; Wallach 2019.
Dall’Aglio 2000, 237-38.
Wallach 2019.
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Fig. 9. Paleo-DEM of
the Roman layers in
the area of Zagonara
(Lugo, RA). Author:
Michele Abballe.

These biases - micro and macro - have been compensated in different ways:
• First of all, with a quantitative and spatial approach. Despite the critique
born in the ’90 towards any data treatment of this kind, strongly influenced
by the postmodern theoretical framework56, different scholars tried to find a
path between this position and the heuristic impasse of post-processualism57.
Visibility bias can be managed with the application of interpolation analysis,
which can take into account the quantity and dislocation of sites or artefacts
and survey biases (visibility, geomorphology, intensity), mainly recurring
to trend-surface analysis58. Anyhow, in our context, the plausibility of any
inference is connected to the resolution of the knowledge of the surface geomorphological variability, that afflicted not only the number of artefacts and
sites detectable, but it was also a factor that strongly influenced the anthropic
settlement choice. A geoarchaeological systematic field campaign started in
2017/18, including mechanical corings, manual augerings and the review
of the past knowledge59. The main aim is to define Digital Elevation Model
of the floodplain in the different historical phases (Fig. 9)60. It is obviously a
constant work in progress, which gradually improves with the advancements
of the analysis carried out by all the actors involved in the study of the geomorphology of the area (public bodies, private subjects, research institutes
56
57
58
59
60

Tilley 1994.
Terrenato 2004; Fahlander 2014.
Terrenato 2000; Casarotto 2019.
The research is coordinated by Michele Abballe, Ghent University.
Abballe 2020; cfr. Franceschelli and Marabini 2007, 78.
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etc.). Anyhow, it has
to be done and keep
updated to reinforce
any further interpretations of historical landscape evolution.
• The study of the historical Ages allows us to
cross the archaeological data set with another resource: written sources. Written
sources analysis helps
to enforce historical
interpretation and to
fill empty-scapes. This can be effective at the site-level - to clarify the settlements’ dispersion, their network, and their political, social, and material characteristics - ; furthermore it can be effective also for hypothesizing the environmental scenario in which site and anthropic actors were placed (Fig. 10)61.
• Environmental factors are clearly fundamental in any settlement reconstructions; an archaeobotanical analysis of the area (pollen and macro-rests), with
a landscape/territorial approach62, that means addressed not only to infra-site
analysis, but also to off-site one, is particularly relevant to understand these socio-ecological systems, exposed to extreme events (but not necessarily
weak and fragile).
• Finally aerial and satellite remote sensing, if systematically performed, can integrate the dataset, allowing to collect both archaeological and geomorphological evidence, to check further with on-field analysis63.
Two final considerations to conclude this section: only crossing all this information
- archaeological data set, paleo-geomorphology, written sources, environmental
factors - we will be able to inference with a probabilistic approach and, thus, apply
bayesian statistics64. Second, a multiscaled approach seems the right way to inve-

61
62

Fiorotto 2018.
Also this part of the research started recently and it is coordinated by Celeste Fiorotto, University of Verona (Fiorotto et al. 2020).
63 It is impossible to refer to all the studies highlighting the importance of remote sensing in
landscape archaeology; here just several recent references: Ceraudo and Boschi 2009; Forte and
Campana 2016.
64 Otárola-Castillo and Torquato 2018; for an application to this context: Abballe 2017.
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Fig. 10. Environmental medieval matrices
in Bassa Romagna
region, based on
the written sources
analysis (9th-11th
centuries, cfr. Fiorotto 2018). Basemap:
Carta tecnica regionale, Regione Emilia
- Romagna. Author:
Celeste Fiorotto.

stigate this relevant amount of aspects, at different levels of resolution and with a
multidisciplinary approach.

5. Conclusion: infinite parallel worlds?
To produce a synthesis on settlement evolution in this kind of landscape, we are
forced to reason in a binary way: 0 or 1, presence or absence. Between the two
we have to privilege the presences, avoiding the appeal to inference from absence.
Any gradient or nuance brings us into a sloping ground. This happens when we
try to develop probabilistic previsions or, simply, interpretations of what happens
outside our sample or our geomorphological window. What we saw from the
keyhole was not enough, but it was something to start with.
It is something like it happens in the quantum physic: a phenomenon can be in
different status at the same time, until we have the possibility of observing it; this
brings to an infinite number of overlapping possibilities and, potentially, infinite
parallel worlds65. Luckily in archaeology, we have (at least until now) something of
material to touch or see; the number of parallel worlds can be limited with a long
process of integration of a set of data, trying to find the right dialogue between
different sources and approaches.
Indeed, also this kind of landscape, a plain with a high-rate of vertical growth,
has brought surprises and unexpected results (such as the Late Antique sites on the
surface in some northern areas). In that, there is a strength and an opportunity:
this kind of context allows to investigate the birth of settlements free of any past
legacy. There was no Roman villa survived in elevation in the area of Bagnacavallo
when a landowner decided to built his farm or his house between the 5th/6th c.;
similarly it happened here in the 9th/10th century, when peasants decided or have
been forced to build their houses in a clustered manner. In other terms, within the
landscape, there were no previous attractor places, which could assure the continuity66. After the extreme events that buried the past settlements, in the 5th as well as
in the 9th/10th century, the floodplain was an empty canvas in which people could
choose to settle as they preferred.
Furthermore, this kind of landscapes is frequently composed of marginal lands:
fragile ecosystems exposed first to extreme events and, because of that, obliged to
be more resilient to survive67; the study of these historical landscapes can help contemporary societies to face future challenges.

65
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Rovelli 2020, 40, 68-69.
Tosco 2009, 151.
Vandam 2019; referring to this area: Abballe and Cavalazzi in press.
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Thus, as in any other landscape archaeological project, also in a such difficult context, a systematic and multiscaled approach is always the best one68.
To conclude, facing a context like this one, we can suggest to:
• Make more intense the dialogue with other methodologies, with a multiscaled approach;
• Identify the biases and, as far as possible, quantify them;
• Base statistical inference (better Bayesian) on your best data set, with the
consciousness it can be improved in time.
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Roman Terni. A GIS-based approach for the
study of Interamna Nahars (Terni) in Roman
times

The town of Terni, located in a strategic position along the Roman uia Flaminia, represents a typical
and symbolic example of a settlement that has lived continuously up to present days. The centre run
across little changes in it urban pattern, up to the first decades of the 20th Century, when it was radically
transformed, at such degree that the identification of the ancient evidence can be performed by few and
scanty traces. This article is aimed at providing an updated state of the art of the studies on Roman Terni
and also integrating latest studies performed collecting data on-field and also by a thorough survey of
archives. The new considerations have been developed on the basis of a GIS platform built to collect and
spatially analyse the available current and legacy data

Introduction
This contribution aims to be a synthesis of the studies carried out to date on the
Roman phase of the city of Terni, enriched by the latest field research accomplished by the author and by the unprecedented use of a GIS platform for data collection and analysis, with the aim of an accurate use of technological tools to support
a topographic and urban planning study1.
In the recent history of the city there have been three periods of great liveliness in
the construction sector, which led to new archaeological discoveries. First, between the end of the 19th and the beginning of the 20th century on the occasion of
the construction of new roads and the provision of the modern sewer system.
Secondly, in the middle of the last century, due to post-war demolition and reconstructions. Although numerically consistent, the findings made in recent years
were often poorly documented and can only be positioned in an approximate way.

1

Special thanks to Alessandro Jaia, who allowed this research as supervisor in the occasion of my
master’s thesis at Sapienza University of Rome and to Julian Bogdani, the co-advisor, who helped
me by giving very helpful advices both in the research phase and in the writing of this article.
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However, in the last 20 years, because of the construction of new public works
and various restoration and reconstruction projects, new data have been brought
to light giving further impetus to the archaeological research, thanks above all to
better and more efficient documentation.
The city of Terni, the nerve centre and crossing point along the Via Flaminia,
represents a very significant example of a continuously inhabited settlement. Its
ancient and medieval wall circuit constituted an almost insurmountable limit to
the development of the town up to the beginning of the 1900s, when for the first
time the expansion outside the circuit itself became necessary, in conjunction with
the construction of the steel plants, first and foremost that of the Acciaierie.
This article aims to assess the situation of the city in Roman times, with a particular
focus on the Early Imperial age, and tries to offer a unitary reading of the data, also
thanks to the support of a new GIS platform created for the occasion.

The geo-morphological context
Fig. 1. View of the
Marmore Falls over
Valnerina

The city of Terni occupies an elongated alluvial plain about 130 m above sea level
with a northeast-southwest orientation, located at the confluence of the Serra stre-
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am with the Nera river. The latter originates from the Sibillini Mountains descending towards southwest through the Marmore Falls, until reaching Terni, giving
its name to the valley it crosses (fig. 1).
Its major tributary, the Velino, comes from the Reatini Mountains, and due to the
particular composition of its waters (rich in calcium bicarbonate) over time it has
deposited carbonate sediments (travertines) that have raised and partially blocked
the stretch of the Marmore-Pentima valley and the Rieti plain behind2.
In the 3rd century BC, the Rieti plain was reclaimed by digging an artificial canal
(called “Cava Curiana”, from the name of the consul who took care of it, M. Curio
Dentatus), where the waters of the Velino were channeled. From that moment its
waters flowed into those of the Nera river, falling down for 165 m and creating the
Marmore Falls, where the so-called “sponga” stone3 (alabaster) is formed, which is
also used for the constructions of the Roman city of Interamna.

2
3

Leonelli 2003, 24-25.
It is a lithoid travertine characterized by a spongy consistency and large vacuolarities; hence the
ancient term sponga, from the Latin spongia, meaning “sponge”. Lightweight and easy to work
with as soon as it is extracted, the “sponga” stone hardens and acquires compactness with air
exposure. For this reason it has been widely used since ancient times in the Terni area, where it
has found widespread use as a building material.
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Fig. 2. Satellite image
of the ares highlighting the mountain
and hill ranges

The valley, very narrow and with a typical “V” profile up to this point, opens into
the wide plain of Terni, which extends for about 10 km east-west from Papigno
to Narni with a transverse axis of about 3-4 km, surrounded by small uplands and
hills.
The basin is crossed from east to west by the Nera river which, due to the slight
slope, forms meanders; various streams flow into it, including the Tescino and the
Serra, which descend from the heights of Spoleto, and the Aia, coming from the
mountains of Configni and Cottanello in Sabina. To the west, the area is closed by
the chain of Mount Piglio. To the north, it is dominated by Monte Torre Maggiore (1120 m), the extreme southern offshoot of the Martani Mountains, which
rise between the Terni basin, the Spoleto valley and the Tiber valley. Southeast,
it is closed by Monte S. Angelo (fig. 2). The Terni basin therefore represents an
obligatory crossing point located on the confluence of important natural routes,
such as the Nera, Serra, Velino, Naia valleys etc., which allow the connection with
the Sabina, the Faliscan-Capenate countryside, the lower Tiber valley, southern
Etruria, the Latium Vetus, and therefore with the Tyrrhenian area on one side. At
the same time, it connects the Tudertine countryside, the Volsinii area, the middle
and upper valley of the Tiber, the Spoleto area, and the Umbrian-Marche Apennine ridge, from which the Adriatic area can be reached in several points through
more or less easy passages4.
This position, combined with the favourable environmental conditions, facilitated
human settlement since Prehistoric times, as evidenced by various findings dating
back to the early 1st millennium BC5.

Toponymy and hydrography of the city
The importance of waterways for the development of the city, and in particular
of the Nera-Serra system, also emerges from toponymy. Interamna, Interamnia or
Interamnum are the variants used in the sources, meaning “center surrounded by
water”. There are also Nartium, Nahartium or Nahars6, already mentioned by Pliny
the Elder (NH. III, 113) as well as in numerous inscriptions, deriving from Nahar,
ancient name of the main river of southeastern Umbria, which has the meaning of
“sulphurous waters”7. The ancient people of the Nahartes (or Naharkus) are already

4
5
6
7

Bonomi Ponzi 2006, 1.
Cf. Bonomi Ponzi, Ermini Pani, Giontella 1995, Leonelli 2003, but also De Angelis 2015.
Prosdocimi 2001, 62-77.
The ethnic origin of the Naharci, deriving from the name Nahar, or Nera, is found for example
in the names S. Anatolia di Narco, Narni and in all probability in that of the Naia stream (from
a presumable Naria). See Prosdocimi 2001, 70.
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mentioned in the Eugubine Tablets, together with other peoples, as extraneous to
the Umbrian nomen8.
It is no coincidence that the original nucleus of Interamna, the
first proto-urban center, the one
pertaining to the necropolis of S.
Pietro in Campo and the former
Alterocca polygraphic, datable to
the 7th century BC and about 500
m from the inhabited center, is
located near a wade on the Nera,
the crossing point of the paths
coming from the Serra and Nera
valleys (fig. 3).
However, the ancient hydrographic situation must have been
radically different from the current one. The Serra is now a stream with a very limited flow rate,
flowing into the Nera in the western part of the city, so that currently the rivers
only lap half of the eastern and southern areas of the city9.
Today the river basin of the Nera river flows into the Conca Ternana, which is
thus made up of alluvial plains created by the sedimentary contributions of the
main course and its major tributaries: the Velino river, the Aia torrent, the SerraTescino torrent, the Bianco-Caldaro ditch.
The central area of the Conca is covered by the recent floods of the Nera and Serra-Tescino, while the most ancient continental fluvial-lacustrine deposits emerge
around it. This is also testified by the presence of several terraces, among which
one of the most evident is the one located south of Terni, in locality “Le Grazie”.
Nevertheless, the natural evolution of the Terni basin suffered the effects of anthropic intervention with the opening of the aforementioned Curiana quarry, which
caused a significant change in the hydrographic situation of the area. In 271 BC,
on the occasion of a reclamation project that involved the Conca Reatina, a cleft
was made in the travertine of the Marmore, which had the purpose of varying the

8

Probably they belonged to a mixed Umbrian-Sabine lineage, as the extension of the ethnic
group would seem to imply, also in the area of internal Sabina (Prosdocimi 1978, 585-787).
9 The studies conducted at the end of the last century by Paolo Fazzini and Marisa Maffei have
finally shed light on a question which had never been fully resolved until then (Fazzini, Maffei
2006, 57-62).
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Fig. 3. View of the
town of Terni on a
drawing by Domizio
Gubernari. In top the
confluence of the
Serra into the Nera
(reworked version of
Angeloni 1646).

Fig. 4. Ancient
hydrographic layout
(reworked version
of Fazzini, Maffei
2006).

course of the Velino river, so that, instead of flowing into the plain of Rieti, diverted to that of Terni.
The average flow of the Nera river, currently estimated at around 75-80 m3/s on
an annual basis and with a fairly regular regime, owes a considerable part of this
volume to the Velino. The cutting of the Marmore ensured that the waters of the
Velino increased the flow of the Nera river with the consequent beginning of a
phase of greater erosion of the riverbed. The greater erosive force acquired by the
latter could have, over time, lowered the altitudes southeast of Terni, in the area
where the river enters the Conca, causing the capture of the Serra Tescino stream
and the consequent shift to the northeast of its confluence with the Nera10.
The city is currently located west of the confluence of the two rivers and for this
reason it is less subject to the floods which, instead, the inhabitants of Interamna
had to face. This ancient centre was located at the confluence of the Nera with the

10

Fazzini, Maffei 2006, 58.
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Fig. 5. Current
hydrographic layout
(reworked version
of Fazzini, Maffei
2006).

Serra-Tescino, which in Roman times probably run upstream of the city and then
descend towards the southwest downstream of the amphitheater area (figs. 4-5).
The almost rectilinear deviation of the Serra-Tescino may suggest an anthropic
intervention (or, at least, favoured by men) which, afflicted by continuous floods,
attempted to solve the problem in this way11.

Brief historical overview
The first traces of settlements in the area of the future center of Interamna Nahars
date back to the phase between the Eneolithic and the Bronze Age, a period to
11

Information about a work of such great importance as the displacement of the course of a
river has not yet been found in medieval documents. It would therefore not be excluded the
hypothesis that the path of the Serra was the same as the current one, while to the west of the
city another watercourse flowed, a torrent that has lost its flow over the centuries, or a channel
of a certain relevance.
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which the village of huts identified in the area of Acciaierie, below the levels of the
subsequent necropolis, is attributed. It is during the early Iron Age that archaeological evidences document a continuity of frequentation in the area, now populated
by a series of settlements located both within the future city (Clai district) and in
the immediate vicinity (Pentima, Rocca S . Angelo, Maratta Bassa)12.
An inscription from the Tiberian age (CIL XI, 4170), dated 32 AD and found at
the entrance to the amphitheater, places the foundation of the city 704 years earlier, therefore in 672 BC13. The archaeological data, however, seems to confirm
the presence of a settlement already in the 7th century BC. In fact, the necropolis
of the Acciaierie refers to the first period of attendance, extending north of Terni
over a vast area between the slopes of the Pentima hill and the locality of S. Pietro
in Campo (near the railway station) and frequented from the 10th to the 4th century
BC. The final phase of attendance of the necropolis coincides with the beginning
of the Roman conquest of Umbria. The Umbrian people of the Nahartes, “the
inhabitants of the Nera valley”, were probably annexed to the Roman territory
around the middle of the 3rd century BC, certainly after the conquest in 299 BC
of Nequinum, renamed Narnia in that occasion, and before the deduction of the
colony of Spoletium in 241 BC.
The district became a viritane settlement and the locals were granted the status of
civitas sine suffragio. It was probably only towards the end of the Republican age
that the inhabitants were recognized as optimo iure citizenship. The establishment
of a praefectura probably dates to this most ancient phase, from which the centre of
Interamna will evolve. During the same period of time, the reclamation of the lacus
Velinus (275-274 BC) with the diversion of its waters into the Black River through
the Marmore Falls, but also the opening of the Via Curia (272 BC) connecting
Interamna to Reate, was accomplished by the consul M. Curio Dentatus. The Romanization of the area was established with the construction of the Via Flaminia
around 220 BC. Therefore, the construction of the walls and the definition of the
road layout were completed. The praefectura of Interamna was transformed in 90
BC in a municipium governed by a group of quattuorviri and the inhabitants were
enrolled in the Clustumina tribe14. In the 1st century BC, Interamna was probably
affected by the clashes between Mario and Silla, siding with the former and suffering repercussions from the latter during the period of the dictatorship (Flor. II,
9). During the last years of the Republic, the center is often remembered for some
disputes with Reate regarding the Curiana quarry, which, while on the one hand
ensured the drainage of the Rieti plain, on the other exposed the Terni basin to

12
13
14

Sisani 2008, 29-30.
Andreani, Fora 2002, 48-49 but also Gregori 1989, 17.
Zampolini Faustini 1993, 60.
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flooding. Among the most famous of these judicial controversies is that of 54 BC.
narrated by Varro (Varr., r.r. III, 2, 3) and by Cicero (Cic., ad Att., IV, 15, 5).
Starting from the 1st century BC, there was a period of prosperity that culminated in the following century, when the urban layout was definitively redesigned,
together with the construction of the water and sewerage networks. Between the
end of the 1st century BC and the first part of the 1st century AD, the theater, the
amphitheater and at least two large thermal complexes, among other buildings,
were built15. Also during the Augustan age, the municipium was included in the
Regio VI (called Umbria or Umbria et Ager Gallicus).
Between the end of the 2nd and the beginning of the 3rd century AD, the presence
of at least two curatores civitatis, imperial officials sent to put local finances in order, also allows to place Interamna in the climate of general economic decline and
limitation of autonomy that affected most of the cities of the empire. The lack of
inscriptions relating to public works or municipal magistrates may suggest a managerial inability of the local ruling class. Nevertheless, the solicitude with which
the emperor tried to remedy this situation and the high rank of the two curatores
testify to the persistent importance of the city, essentially linked to its proximity to
Rome, its strategic position and the richness of its territory16.
Between the 3rd and 4th century AD, when Diocletian created the new administrative order dividing Italy into provinces dependent on a corrector, Interamna Nahars,
with all the Cisappennine already included in Regio VI, became part of the province of Tuscia et Umbria, which in the mid-5th century AD would become Tuscia.
For the Late-Antique period, despite the silence of the sources, it is likely that the
city suffered devastation both by the Visigoths of Alaric in 408-410 AD and during
the Greek-Gothic wars, at least to judge the events that affected the neighbouring
centres of Narnia and Spoletium, given its strategic position and the location along
the Via Flaminia.
Starting from the end of the 6th century AD, Interamna was in a phase of full decline
and became part of the Longobard Duchy of Spoleto. In 598 AD, the dioceses was
entrusted to the bishop of Narni, as it is documented as early as the end of the 4th
century AD17.

15

Giani 1998, 67-70, Angelelli, Zampolini Faustini 2005, 847 but also Zampolini Faustini 2006,
154-155.
16 Andreani 1997, 140.
17 Sisani 2008, 46.
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Viability and organization of the inland
It is only from the beginning of the 3rd century BC that it is possible to speak of a
“city” in the sense of a regulated and organically equipped settlement with defined
urban shape18. As for many other Italic centers, the so-called Romanization period
corresponds to a decisive urban layout, at least in its essential features, such as margins, main roads, definition of the forensic area, and so on.
Although it is quite complex to try to outline the course of the walls in some parts
of the city, such as along the eastern side, it is still possible to reconstruct the space
occupied by the urban area with some precision. The dimensions of the initial
nucleus were 1000 x 500 m (respectively with east-west/north-south orientation),
which in any case had to undergo several extensions, perhaps already in Roman
times. The length of the wall circuit was to exceed 2.5 km, delimiting a vaguely
pentagonal area of about 35 hectares (fig. 6). The city had four entrances, each
marked by the terminal point of a very important road axis: on the north and south
sides the Flaminia19 (between Narnia and Spoletum), on the west side the road coming from Tuder-Carsulae, and on the east the via Curia coming from Reate (figs.
7-8).
The main urban road axis crossed the city with a south/southwest-north/northeast
direction. The Via Flaminia came from Rome and entered20 the city through the
“Roman gate”, whose wall stretches are still visible in Piazza Briccialdi21. An evidence for the location of the entrance is preserved in the name of the church of S.
Nicolò, known among Modern age sources as S. Nicolò «fra le porte» [“between
the gates”] or «infra portas”. In the documents of the 13th century, it is defined as
Sancti Nicolai foris portam or even foris portam antiquam22.
The first urban stretch of the road coincided with the current Via Roma (below
which an ancient pavement over 100m wide was found in the 1940s). The se18
19
20

21

22

Starting with the construction of the city walls, whose first plant in opus quadratum is attributable to this period (Sisani 2006, 196-197).
The road leading from Rome to Terni was the so-called Flaminia nova, i.e. a deviation from
the original road, which detached from the route near Narni, passed through Interamna, Spoletium, Fulginuim and at Forum Flaminii rejoined the route of the Flaminia vetus.
According to the most ancient reconstructions, the Via Flaminia flanked the city to the east
without however crossing it (Fontaine 1990, 126). More recent studies, on the other hand,
argue that the main urban axis was made up of the street itself. Consequently, the current via
Roma and Corso Vecchio would constitute the section crossing the city (see Ranucci 1997, 174,
but also Perissinotto, Zampolini Faustini 1993, 70).
It is interesting to note how this area of the city is defined by oral sources as the “Roman
gate”, while the area between the square and the river, although incorporated in the expansion
of the walls built in the Middle Ages to defend the bridge, is still referred to today as “outside
the Roman gate”.
Zampolini Faustini 2006, 148.
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Fig. 6. Hypothetical trace of the defensive walls in Roman period. 1) Sant’Angelo gate; 2) San
Giovanni gate; 3) Sesto gate; 4) Roman gate.

Fig. 7. Extraurban road network from Rome. In the red
square the two branches of uia Flaminia (reworked
version of Coarelli, Sisani 2008).
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cond stretch most likely coincided with today’s
Corso Vecchio (sections of paving were found
in Piazza San Pietro and in Piazza Corona). Its
course, due to the existence of an older route,
was not exactly straight, especially in correspondence with Via dell’Ospedale and the former Palazzo Sanità. Today’s Via Cavour - Via
Garibaldi was instead the other main urban
road axis. Sections of stone-paved roads have
been found here as well23. The Forum area was
located at the intersection of these two roads,
corresponding to the current Piazza della Repubblica - Piazza Solferino. This preserved
the role of gravitational center of the city for
a long time, at least until the 13th century, with
the construction of Palazzo del Popolo.
Fig. 8. Topographical
context of Interamna:
1) Via Flaminia; 2)
Road to Tuder- Carsulae; 3) Via Curia to
Reatae.

It is possible to notice an imperfect orthogonality between the two main road axes. The cause of this is to be traced back to the
pre-Roman road layout which included two routes later reused by the subsequent
planning (fig. 9). The analysis of the Duomo district allows us to trace a planning
grid based on a theoretical module of 2 square actus (240x240 Roman feet, approximately 71x71m). The definitive arrangement of the urban layout involved the
construction of numerous infrastructures starting from the 1st century BC.
The city can be considered divided into four quadrants:
• the southwest sector was considered a sort of monumental district. In fact,
the theater24 was built here (between Via del Teatro Romano, Via XI febbraio, Via Tre Colonne and Via Aminale), as well as the amphitheater25, but also
several thermal baths, two of which were very likely of large dimensions26
(fig. 10);
• the southeastern and northwestern sectors were instead used for private buildings, whose archaeological evidence are visible in the remains of the domus
found under the church of S. Salvatore27 and under Palazzo Pierfelici28.

23
24
25

Silvestri 1977, 498.
See for example Terni 1980, 94, Gaggiotti et al. 1993, 43-44.
Among many contributions, see Giuliani 1974, 287-293, Silvestri 1977, 73-75, Angelelli,
Zampolini Faustini 2006, 205-225.
26 Angelelli, Zampolini Faustini 2005, 847-848, Zampolini Faustini 2006, 154-155.
27 Grassini 1957, 475-479, Ciotti 1974, 71-101.
28 Angelelli, Zampolini Faustini 2005, 849, Bonomi Ponzi 2006, 18.
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Fig. 9. First and
second order road
network of Interamna
Nahars.
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• the northeastern sector, with a
fairly irregular layout, gravitated
around Piazza Clai, which is the
area that in all probability had
constituted the first settlement of
the city since the arrival of the
first Nahartes. Sections of pipelines and sewers have been found
in this area, which testify to a
developed water and sewage system connected to the roads and
integrated by cisterns, basins and
wells29.
Many of the remaining archaeological findings date back to the
Early Imperial age, a period in
which the urban structure appears more clearly recognisable.
After the Roman conquest, the
organization of the extra-urban
area also underwent a rationalisation. The high ground settlements of pre-Roman origin
were gradually abandoned to the
advantage of sites closer to the
main roads and to the areas most
suitable for an advanced agricultural development30.
Fig. 10. Urbanistic layout of the
south-western part
of the town, where
it is possible to note
that most of modern
building blocks has
maintained the
original Roman
orthogonal shape.

With the end of the Social War
and the acquisition of the status
of municipium, the urban growth became stronger, reaching its peak during the
Augustan age. Regular planning dates back to this period, traceable in the Duomo
district with the adoption of a scheme based on the double actus, and the location
within the walls and in the same sector of the buildings for plays and recreational
purposes, urban topos typical of the Augustan period31. The Roman layout will also
be preserved in Μedieval times, with continuity of frequentation of the various
routes. This is especially true for the city center, while the suburban areas were
29
30
31

Zampolini Faustini 2006, 156.
Cf. Bonomi Ponzi 2006, 20.
Sommella 1988, 153-159.
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destined for other uses, eg. gardens, and do not always retain the original orthogonality (fig. 11).
Fig. 11. Anonymous,
view of the city od
Terni (Barb. Lat.
9901, f.96, second
half of 17th Century).
Reworked version;
the defensive walls
after the most recent
expansion of the
15th Century, the
rivers and some
channels have been
highlighted. The
red line marks the
hypothetical Roman
perimeter.

GIS platform and methodological issues
The outlined framework was also made possible thanks to the creation, as part of
a research project, of a GIS platform that supports a database alongside the archaeological map already drawn up during the ‘90s, suitably digitized, georeferenced,
modified and updated with information on the latest findings (fig. 12).
The reasons for choosing the GIS-based platform reside in the advantages offered
by this tool, first of all the possibility to associate alphanumeric information with
spatial and geometric data. In this way it was possible to integrate a database containing all the useful information for an urban planning study and which can be
used with profit even by those who will not read this work. Basically, the first step
was creating the GIS environment, populating it, inserting all the available data,
the result of archival and field research work, and then moving on to the filing
of the evidences and the compilation of the thesis work, using computer science
technology as a support tool.
We have chosen to use QGIS because in addition to being an open source system,
it also offers significant advantages, such as the opportunity to use a wide range of
plugins that are constantly added and updated by a development team composed

131

GROMA 5 - 2020

Fig. 12. Screenshot
of the QGIS project
showing the base
cartography and the
numerated archaeological evidences.

by volunteer programmers. It offers similar, if not better, possibilities than proprietary software (eg. ArcGIS) with the advantage of always being free from copyright
and restrictive user licenses, and therefore implementation costs.
The data was entered in tabular form. A mask was created only at the end in order
to have an interface that was as user friendly as possible, simple and intuitive even
for those who are not accustomed to the use of computer systems and which includes, in addition to data tables, even raster images (photos, drawings and plans).
In particular, this data entry operation required some time, necessary for a research
and careful evaluation of the documentary material32, a comparison between the
information collected and surveys on the field to assess its reliability and to produce
further documentation, especially photographic one, to be added.
Even if the focus of this study is the Roman age during the Imperial period, the
project has been enriched with the most important evidence of the Protohistoric,
Late Antique and sometimes Medieval age, above all based on the continuity of use
of certain contexts or monuments.
A completely new subject is the altimetric one, which has never analyzed until this
moment for the whole city of Terni in a complete and systematic way, but only
for single excavation areas and rather restricted contexts. Within the GIS platform the topic was addressed using first the Regional Technical Map (CTR), freely

32

In addition to the published material, consultation of the archival documentation was also
fruitful, in particular the Historical Archive of the Superintendence for the Archaeological Heritage of Umbria and the Giovanni Eroli and Luigi Lanzi funds, which report evidence of the
very first modern studies of cities, accompanied by sketches, measurements and descriptions of
the evidence no longer observable today.
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downloadable from the Geoportale of the Umbria Region33, which offers a 1: 5000
scale cartography and is the only officially recognized tool on which the heights
rely on. In fact, the map shows several listed points scattered throughout the city
center. The problem with this cartography, however, in addition to the obviously
too small scale for an urban context (with consequent difficulty in establishing the
exact point to which the altitude points refer) also lies in the small number of the
elevation points themselves. An alternative and more effective method was therefore sought, finding it in the DTM and DSM, digital terrain models that map the
Earth’s surface by presenting elevation points at regular distances. In various online
portals a completely free and easily downloadable cartography is available, but at
very small resolutions (eg. 20m34 or 90m35). If this definition may be sufficient for
the analysis of a relatively large portion of the territory, it certainly would not have
been reliable in an urban context such as the one in question.
For this reason, the choice fell on the cartography produced by LiDAR technology36, thanks to which in 2008 the whole national territory was
mapped with systems of maximum precision and much higher
ground resolution (1 m)37.
Before proceeding, however, a comparison was made between
the elevation of the DTM produced with LiDAR and the elevation of the CTR in order to check their differences and their
reliability. Therefore, for each elevation point of the CTR, the
relative altitude in the DTM was checked. The difference in
these measurements is always within 10-25 cm, an acceptable
error especially since it occurs uniformly throughout the area
under examination (fig. 13)38.

33
34
35
36

37
38

http://geoportal.regione.umbria.it/geoportal/catalog/main/home.page
(last
accessed
30/12/2020).
Available on the ISPRA portal (Higher Institute for Environmental Protection and Research) http://www.sinanet.isprambiente.it/it/sia-ispra/download-mais/dem20/view (last accessed 20/11/2020 ).
SRTM (Shuttle Radar Topography Mission) produced by NASA and available within the
mission portal https://www2.jpl.nasa.gov/srtm/ (last accessed 20/11/2020).
There is now a large bibliography on the use of LiDAR surveys in archeology. Here we cite
the article “ Il LiDAR sta rivoluzionando l’archeologia”, Il Fatto Storico, 27.07.2012, available
on the website https://ilfattostorico.com/2012/07/27/il-lidar-sta - revolutionizing-archeology /
(last accessed 20/11/2020), but also the interesting contribution Johnson, Ouimet 2014, 9-20.
Very kindly granted for study purposes by the Ministry of the Environment and Protection
of the Territory and the Sea.
This difference is plausible, also considering that the elaboration of the CTR dates back to the
1990s. More than ten years have therefore elapsed between the creation of this cartography and
the LiDAR one, years in which several redevelopment works were carried out in some urban
areas (e.g. refurbishment of the pavement) which have certainly altered, even if slightly, the
level of the walking surface.
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Fig. 13. Diference of
elevation between
CTR and LiDAR.

Once the data referring to the current situation of the city center were inserted in
the platform, the DTM referring to the ancient period was created trying to recover the heights of the Roman age floors.

Fig. 14. Elevation
points used for
the creation of the
DTM referred to the
Roman period.

For this reason, a vector of points was
created, containing all the relative
heights collected through the bibliographic analysis, the excavation reports,
the plans and the perspective drawings
available. The problem that has arisen in
this phase is related to the date of survey
and the accuracy of the altitude report.
Inaccurate information or information
with a too wide range of heights were
not taken into account and were excluded from the calculation. On the other
hand, there were heights that could be
easily positioned in space, or whose location was easily traceable, even though
there were surveyed in the early years
or in the middle of the last century. For
example, several finds of paving stones
no longer visible today fall into this
category. Since they referred to relative measurements, it was impossible to
establish with certainty what the measurement reference plane was, above all
when considering the strong changes
in the urban landscape, especially as a
result of the massive bombings of the
Second World War. Therefore, all the
heights were entered into the platform
and it was analyzed which information most agreed with the most recent news
relating to the last 30-40 years. Most of the time the feedback was positive, while
some other testimonies, those reported in a less precise way, seemed unreliable. As
a consequence, it was decided to calculate the ancient DTM preferring the precision and reliability of the information over the quantity of points39. Nevertheless,
the amount of information was more than sufficient to create a reliable model (figs.
14, 15, 16).

39

Portions of certain planimetric location and good altimetric definition have also been excluded when they could not be attributed to walking surfaces (such as the bottom of basins).
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It is important to point out that this model can be reworked and improved in the
future if new information on heights is added following new urban surveys, using
the same methodology that has proven to be valid and functional.
In addition to a greater amount of data, it would have been desirable to have a
more uniform spatial diffusion of the listed points within the historic center, since
the algorithm works better with points that tend to be equidistant. This was not
possible because, while the greatest number of evidence is concentrated in the
southern area, for the northern part of the city the information available is very
scarce. This is due not only to the numerous road reconstruction works that took
place in the first half of the last century, which have often erased the Roman remains, but also to the bombings that hit this area the most, definitively disturbing
its stratigraphy.
Thanks to the altimetric bases mentioned above, it was therefore possible to calculate the absolute height for each point, after which the Roman altimetric model
was created and overlapped on the modern one by means of an algorithm implemented in the GIS system, in order to appreciate the variations and changes that
have taken place over the centuries.

Considerations on the altitude
The elevation situation of the current city is markedly variable, going from 124
m amsl in the area where the ancient city walls ran, climbing up to about 130 m
amsl at the current Piazza della Repubblica - S. Giovanni Decollato (the ancient
Forum area), descending again until returning at 124 m amsl to the opposite side,
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Fig. 15. Dynamic 3D
model of the city,
based on the DTM
data.

Fig. 16. Comparison of elevations in the current DTM and in the one referred to the Roman period, obtained through a raster
analysis
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Fig. 17. Positioning of the
altimetric profiles.

Fig. 18. Current altimetric profile of the western area.
In the x-axis the elevations expressed in meters: 1)
extraurban area; 2) ditch where the riverbed of an
ancient stream can be recognized; 3) defensive walls; 4)
urban area.
Fig. 19. South to north altimetric profile of the town
along the main road. In red the current profile, in blue
the Roman one.
Fig. 20. South to north altimetric profile, in the center of
which is located the square of S. Giovanni Decollato. In
red the current profile, in blue the Roman one.
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almost symmetrically. Even along the same route, it is possible in some cases to
notice significant differences in altitude between the beginning and the end of it.
By observing today’s altimetry, it is possible to see how the city develops beyond
a lower area of about 2 m, then a moat that can be traced immediately behind the
walls: this is almost certainly the area where the water course ran, which contributed to giving the ancient city the toponym Interamna (fig. 18). One hypothesis
is that the original river bed was later reduced to a defensive moat for the walls.
The Roman finds within the city, with rare exceptions, are located between 30 cm
and 3 m below the level of the current floor.
From the overlap of the two DTMs, it is possible to see how the difference in
height of the old one was very low compared to the current one (the absolute altitudes range roughly from 124 to just over 126 m amsl). The current profile retraces the ancient altitudes near the perimeter area, and it follows the ancient profile,
highlighting the existing differences in altitude (fig. 17). The only exception to
the regularisation of the heights according to a well-defined profile appears to be
the structure in Piazza S. Giovanni Decollato (-6 m below the current walking
surface), whose interpretation is still rather obscure (however, it is almost certainly
a public structure40) which in all probability was already under the walking floor
in ancient times (figs. 19-20)41.
However, the uniformity of the Roman city is reiterated, which undoubtedly had
to suffer from the morphological situation of the area but still managed to maintain
a certain regularity that today no longer appears visible. The area of the Forum,
slightly higher than the marginal areas, could also symbolically rise to the control
center of city life, while the peripheral areas (such as the area of the southwestern
amphitheater or that of the thermal baths near the east gate) rose a little below,
with a particular attention to a space division and heights that does not seem casual.
Such analysis, in addition to being useful from the point of view of research, as it
is very suitable for better understanding the urban planning of the Roman city,
can also be used as a valuable tool for the more correct management and enhancement of the archaeological potential, for example by public institutions that have
to plan a sustainable management of their territory on a daily basis. It is therefore
hoped that this study will be resumed and implemented in the future, following
the extension of archaeological or archival researches.

40
41

Giorgi 2006, 163-177.
The remains of the paving in the immediate vicinity are located at much higher altitudes.
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Ilaria Cristofaro, Michele Silani

Approaching Skyscape Archaeology: A Note
on Method and Fieldwork for the Case Study
of Pompeii

The urban layout of Pompeii presents several orientations, possibly due to an uneven bare ground plateau. However, its main east-west axes have the same orientation of Herculaneum ones, suggesting that
not only geomorphological constrains can explain the urban plan. Starting from a hypothesis by Nissen
(1906), the method of skyscape archaeology was applied to Pompeii urban grid and temples, testing digital models with fieldwork measurements. The results show that the main east-west axes aligned with
the rising summer solstice sun above the local horizon. Furthermore, the Doric Temple was orientated
with the sunset on the same day of the year, suggesting an intentional design in the foundation ritual.

1.Introduction: Aims and Rationale of Skyscape Archaeology
The discipline of archaeoastronomy is more than one century old. This field of
study is part of a wider etiquette called cultural astronomy, the study of the relationships between cultures and the sky. Though, due to its hybrid nature, for a
long time archaeoastronomy could not find its proper place within academia, at
least in Europe.1 In the past, archaeoastronomers, often professional astronomers,
archaeologists, anthropologists or architects, have been debating between two extreme methodological tendencies in order to prove celestial alignments: one side
rigorous statistics was applied on a large number of similar sites as possible, on the
other side the evidence was drawn upon records from anthropological history and
archaeology.2 This led to the so-called “green” and “brown” archaeoastronomy as
reflected in the colour of two monographic volumes.3 Certainly, a midway method
between the two approaches became evident. In the last decade, with the work by
Liz Henty and Fabio Silva, archaeoastronomy was referred to as skyscape archaeology, in the attempt to fully affirm its identity within the discipline of archaeology,
by starting from the material records towards a historically contextualised inter1
2
3
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pretation, and to be placed alongside landscape and maritime archaeology.4 The
aim of archaeoastronomy, or skyscape archaeology, is to contextualise an archaeological site within the wider cosmos by reconstructing the ancient celestial vault
and, possibly, its cultural value. Any potentially significant directions in archaeological structures, for instance the main axis, is geometrically extended and projected
on the celestial sphere just above the profile of the local horizon: at that sightline
horizon astronomy questions which celestial events might have been seen looking
in that given direction as defined by the archaeological structure. Astronomical
orientations are not just ones that reflect cardinal directions, as it often has been
taken for granted.5 Important celestial orientations are many on the horizon: they
can range from solstitial alignments, following the rising and setting positions of
the sun across the year, lunar standstills which are similar to solar solstices but have
a longer period of 18.6 years, significant rising and setting of brightest stars and
planets, and to Milky Way alignments.6 Celestial bodies are the world time keepers,
as well as the main tool for human groups to navigate within a wider landscape: in
ancient times the sky was a fundamental point of reference for ordering time and
space. More than practical uses, the celestial dome was also a realm of divinities and
of the sacred. For instance, in many cases solar light was manipulated within the
darkness of sacred architectures: precisely orientated structures channelled sunlight
to illuminate statues or paintings at a specific time of the year with predictable
hierophanies.7 In conclusion, by analysing monuments orientations the research
aim is to find evidence of intentionality in order to establish if human groups built
their architectonic environment in accordance to specific celestial patterns. This
complex issue of intentionality will be dealt with further on in this paper. The aim
of this contribution is to provide a brief methodological note on the application of
skyscape archaeology techniques to an ancient site by presenting a recent analysis
in regard to the urban grid of Pompeii and its temples.8

2. The Site: Pompeii and its Urban Layout
Any skyscape archaeological investigation should start from an understanding of
the cultural and environmental features specific to the site, since the choice of
observational points constrains the identification of alignments and interpretations.
4
5
6
7
8

Henty 2014, 13; Silva 2015.
Sommella 1988, 231; De Caro 1992, 81, n. 69.
Ruggles 2014a, 463-470; Connolly 2016, 13-15.
Ruggles 2014b, 380-381; Incerti 2001.
This preliminary note is related to the beginning of a doctoral project on the orientation of
temples and urban grids in ancient Campania, from the 8th to the 3th century BC. The project is
carried out at Capys Laboratory at Università degli Studi della Campania Luigi Vanvitelli under
the coordination of Prof. Carlo Rescigno, with the collaboration of Dr. Frank Prendergast and
Dr. Georg Zotti.
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Establishing which directions might have been considered potentially meaningful
is the preliminary step of this approach.9 In regard to a temple, the main axis in
either direction is usually taken as the most important line,10 but the diverging
orientation of associated altars can be meaningful as well. For an urban orthogonal
settlement, directions of main streets should additionally be considered, if no hints
are given otherwise.11 In the case of Pompeii, the urban plan presents several orientations, often not orthogonal to each other (fig. 1), and it is not clear if any diachronic orientation reassessments happened.12 Indeed, detailed knowledge of the
development of the city from its Archaic foundation at the end of the 7th century
or beginning of the 6th century BC until the Hellenistic restructuration is doubtful
and still in debate.13 One of the reasons is that the Archaic findings and structures
remains too scattered to get a full understanding of the Archaic urban grid.14 The
differences in height above sea level of the plateau, with Via Stabiana following
the contours of a natural canyon, should be considered as a constraint causing the

Figure 1. Pompeii’s
plan with the
urban references
mentioned in the
text (adapted
from Morichi et al.
2018 by Michele
Silani).

9 Ruggles 2014b, 376.
10 Boutsikas 2007-2008; Pernigotti 2019.
11 González-García et al. 2019.
12 Bonghi Jovino 2011, 10.
13 Bonghi Jovino 2011; Giglio 2016.
14 Avagliano 2018.
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layout to diverge from a geometrical form, if ever one was intended.15 Thus, scholars have explained orientation as defined by geomorphological causes;16 however,
the independence of Pompeii east-west axes in respect to altimetric conditions is
confirmed by its comparison with Herculaneum, whose decumani, or east-west
axes, have the same azimuths as in Pompeii i.e. c. 60°/240°.
In questioning the diachronic layout of Pompei, it may be useful to test astronomical hypotheses of orientation. In the Sarno Valley, a strong Etruscan characterisation of the social indigenous communities preceded the foundation of Pompeii,17
and the Etrusca Disciplina of setting boundaries was based on the observation of the
sky, at least as far as the Latin legacy can testimony.18 At the beginning of the 20th
century, Heinrich Nissen proposed that Via di Nola pointed towards the rising sun
at summer solstice, but mentioning an error evident by the fact that the south side

Figure 2. Horizon
profile as seen from
Pompeii looking East
(PeakFinder 2020).

of the street was not illuminated.19 Stefano De Caro suggested, instead, that the
same road was intended to point towards Monte Torrenone (fig. 2), a triangular
shape mountain on the north-eastern side and location of Sarno river springs.20 In
order to test these and other hypotheses, a digital landscape and skyscape model
were first reconstructed; secondly, site fieldwork was undertaken in order to check
the accuracy of the virtual reconstructions; third, some considerations on a possible
interpretation are suggested. Due to the doubts regarding how the urban grid was
planned and developed, it was necessary to progress by enabling more possibilities,
testing all directions and starting from the most central routes, including Via di
Mercurio, Via delle Terme, Via della Fortuna, Via Marina, Via di Nola, Via dell’Abbondanza, and so on (fig. 4).21 In particular, for the specific task of questioning
Nissen’s hypothesis, the focus is on the North-East horizon where Via dell’Abbon15
16
17
18
19
20
21

Holappa and Viitanen 2011, 182.
Holappa and Viitanen 2011, 182; Giglio 2016.
Cristofani 2009.
Briquel 2008, 44.
Nissen 1906, 105-107.
De Caro 1992, 82.
Ruggles 2014b, 376; Ruggles 2014a, 414.
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danza, Via di Nola, and Via delle Terme are pointing at (fig. 3) in comparison to the
position of the rising sun at summer solstice.

3.Projecting the Pompeian Streets on the Celestial Sphere: Azimuth,
Altitude and Declination
The aim of this section is to analyse data from the available digital models to test
Nissen’s observation with more sophisticated tools. For this scope, the direction of each road should be geometrically projected on the celestial sphere,22
in a point described by two celestial coordinates, azimuth and altitude. Therefore, the first step for applying skyscape
archaeology is to measure the azimuth
values of the selected axial directions for
structures of interest. The azimuth of a
given direction is here regarded as the
clockwise angle from the True North.23
A recent geo-referenced cartography
of Pompeii was used within GIS software for this task.24 For each route,
the geometrical line running midway
between the two lateral side walls of
the street was considered as the main
axis of orientation of a route.25 This was
not always possible since streets are not
fully straight,26 due to the nature of the
architectonic components.27 The mo- Figure 3. Orientation of Pompeian streets projected on the celestial sphere just above
the local horizon. The skyline looking north-east from Via dell’Abbondanza, Via di Nola,
difications in the different phases of ur- Via delle Terme is characterised by Monte Torrenone and Monte Faitaldo. Note how
ban development might have affected the apparent position of the landscape, for instance the azimuth of Monte Torrenone

peak, varies accordingly to the view point. The street azimuth values are derived from
QGIS after Morichi et al. 2018. (adapted from PeakFinder 2020 by Ilaria Cristofaro).

22
23
24

Karttunen et al. 2003, 14.
Karttunen et al. 2003, 15; Zotti and Wolf 2020, 218.
Morichi et al. 2018; The meridian convergence value γ=-0.34° was determined on the medium value indicated on the regional technical cartography CTR from Regione Campania.
Within the software QGIS, used for cartographic analysis, some plug-ins allow to directly measure azimuth values of a given direction with consideration of the meridian convergence. In
alternative, azimuth values can be measured in satellite imagery within Google Earth by using
the ruler tool.
25 Prendergast 2014, 391.
26 For example Via di Nola presents a slight curvature at its end.
27 Ruggles 2014b, 375-380.
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Figure 4. Skyscape archaeology database with values shown in decimal degrees. All the landscape and skyscape targets of structures orientation data are
kept for completeness, but it is not presumed these were intended by the builders. These are orientations but not necessarily alignments (see last section).
Here, only the east direction is shown. The altitude values were measured with PeakFinder 2020 and, due to the different software programs used, there
are divergences (±0°.1) in respect to altitude values in fig. 6 (elaborated by Ilaria Cristofaro).

the orientation of the Archaic structures, such as the original delimitation of the
blocks used as foundations.28 Therefore, the most correct methodology is to define
an average orientation of the block fronts and, in the case of significant differences,
to take into consideration the topographical reasons for such deviations and any
archaeological data available to explain these variations. All data were recorded
within an excel file (fig. 4). All azimuth values for streets were measured on GIS
software using the “Azimuth Measurement” plug-in v. 0.2.2 with a precision of
0.01°, on the basis of Morichi’s vectoral cartography.29

28

On this aspect of continuity of orientations and discontinuity of occupation see Coarelli 2008,
174-175 and the extensive discussion in the same volume Nuove ricerche archeologiche nell’area vesuviana (scavi 2003-2006), 508 ff. However, it has been shown how the alignments underlying
the planning of the urban layout of Pompeii were drawn in the 6th century BC, taken up and
respected in later periods, see Giglio 2016, 29-30.
29 Morichi et al. 2018.
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For each road direction, the second step is to measure the skyline altitude defined
as the angular distance above the mathematical horizon, or astronomical horizon.30
The local horizon profile is the visible line where ground and sky meet: indeed,
mountains and hills can alter the visibility of a celestial body’s rising and setting
in comparison to where it would rise if the horizon had an altitude of 0°. When
the horizon profile is uneven (see fig. 2), the skyline altitude variates accordingly.
Altitude values were measured from digital terrain models based on Shuttle Radar
Topography Mission 90m (SRTM 3”) resolution datasets, and converted into a
horizon profile.31 For such resolution datasets and for horizon distances larger than
c. 10 km, as in the case of Monte Torrenone and Faitaldo which are c. 18 km faraway from Pompeii, the accuracy is c. 0.1°.32 It is important to notice that for a vast
area, such as the 66 hectares plateau of Pompeii, the skyline profile is dependent on
a perspective related to a precise observation point. Indeed, mountains seen from
different locations appear positioned differently in respect to the azimuth grid: for
example, the azimuth of Monte Torrenone peak stands at 58.8° from Via di Nola,
but at 58.1° if seen from Via dell’Abbondanza (fig. 3). Therefore, for each observation point, generally by standing at the beginning of the road (fig. 3), the correct
panorama was reconstructed. In summary, for each street azimuth value (az), its
relative skyline altitude value (h) was measured: this results in a precise point on the
celestial sphere, based on the two coordinates of the “horizontal system”.33
The third step is to convert data into astronomical declination values in order to
identify possible astronomical events for a specific sightline, such as an urban road
or temple axis. Declination is a celestial coordinate of the “equatorial coordinate
system” not measurable on site but calculated by converting the coordinates from
the horizontal system (azimuth/altitude).34 Thus, having the latitude (φ) of the site,
the declination (δ) is determined as followed:35
sin δ = (sin φ × sin h )+ (cos φ × cos h × cos az)
Declination is a coordinate fixed on the celestial sphere and ideal to identify celestial objects since these generally move along precise declination lines.36 An overview of all possible astronomical alignments can be achieved by numerically com30
31
32
33
34
35
36

Karttunen et al. 2003, 14; Zotti and Wolf 2020, 218.
To convert DTM into horizon profile we used the software programs HeyWhatsThat at
https://www.heywhatsthat.com/, PeakFinder at https://www.peakfinder.org/, and Horizon (©
1998-2020 Andrew Smith) available at http://www.agksmith.net/horizon.
Patat 2011. For shorter distances, resolution can be enhanced with a DTM from IGM data
each 20m.
Karttunen et al. 2003, 14-15; Ruggles 2014a, 460.
Karttunen et al. 2003, 15-17; Ruggles 2014a, 460-463.
Ruggles 2014a, 461; a convertor is available at https://www3.cliveruggles.com/index.php/
tools/declination-calculator.
Ruggles 2014a, 460.
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paring the calculated declinations, resulting from projecting the Pompeian streets
into the celestial sphere, with the list of main solar and lunar declinations, as well
as stellar ones, in a chosen epoch.37 A declination value can corresponds to one or
more celestial body visible at a different time or season, and all matching values
should be recorded in the database for completeness purposes (fig. 4).38 The difference between the street sightline declination and the celestial body declination
should have a margin of error within 1°-2° maximum, depending by the structural conditions of the archaeological site.

Figure 5. Rising of
the sun at summer
solstice behind Monte
Faitaldo in the 6th
century BC as seen
from “Via dell’Abbondanza Station”,
Pompeii. In orange
the horizontal coordinate system (altitude/
azimuth); in violet the
equatorial coordinate
system (right ascension/declination). The
fieldwork computed
measurements of
the sun’s azimuth
60°.374 (60° 22’
27’’) for summer solstice in 600 BC corresponds to the value of
the Stellarium digital
reconstruction (60°
22’ 26’’). Horizon
profile after SRTM
3” computed with
software Horizon
(©Andrew Smith) and
Stellarium 2020.

The forth step is to bring all previous information together and further test possible
astronomical orientations with a virtual reconstruction of ancient skies with software programs, moving from a numerical to a visual comparison. For the present
research, Stellarium which is an open-source planetarium software program, was
used to go back in time to visualise the Pompeian sky of the 7th-6th century BC.39
An artificial polygonal panorama was also added within the astronomical software to virtually recreate the local DTM horizon profile within the skyscape (fig.
5).40 Celestial coordinates resulting from Pompeii streets sightlines were visually
compared with the position of main sky events such as the sun’s course at summer
solstice. This can be visually plotted using “archaeolines” within Stellarium.41 One
outcome from this analysis was that a number of streets and templar structures

37
38
39
40
41

Ruggles 1999, 57; Ruggles 2014c, 475-480.
Ruggles 2014b, 376.
Available at https://stellarium.org/; Zotti and Wolf 2020.
Zotti and Wolf 2020, 66.
Zotti 2016.
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Figure 6. Eastern
horizon profiles as
seen from different
cross-roads at
Pompeii, comparing
the direction of
Pompeian streets
with position of the
rising sun at solstices
at the beginning of
the 6th century BC.
Created with the
software Horizon
(©Andrew Smith),
with processed DTM
data from the Shuttle
Radar Topography
Mission 90m (SRTM
3”). The red circles represent the sightline
of the roads with an
apparent diameter or
error of ±1°. The yellow line on the left is
the course of the sun
at summer solstice
in 600 BC, and the
right one is the winter
solstice sun’s path
(adapted by Ilaria
Cristofaro).

seemed to be directed towards the position of the rising sun at summer solstice in
the Archaic period, with a variable divergence of 1°-2° (fig. 4). In order to test
the accuracy of the digital models, and to document the occurrence of the celestial
event on site, the investigation progressed with the acquisition and analysis of field
data as discussed in the next section.
I.C

4. Fieldwork and Data Analysis: The Position of the Sun Rising above the Mountains
On site autoptic perception and fieldwork are crucial elements in any skyscape
archaeology investigation. The precision of digital models and the virtual reconstructions proposed in the previous section are here tested according to direct evi-
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dence measured in the field. For this task, a fieldwork campaign for observation
and measurement at the site of Pompeii for the day of summer solstice, 21st June
2020 was planned. To test the hypothesis of the orientation of the eastern sector of
the urban grid with the rising summer solstice sun, two observation points were
defined by dividing our working team into two groups:42 the first group was standing at the crossroad between Via Stabiana and Via dell’Abbondanza, named “Via
dell’Abbondanza Station”; the second, at the intersection between Via Stabiana and
Via di Nola, named “Via di Nola Station” (fig.1). At the first crossroad, the sun rose
on the right slope of Monte Faitaldo; whereas, at the second observation point,
the position of the rising sun appeared on the top peak of the same mountain. We
recorded the position of rising sun in respect to the local landscape with photographic documentations (fig. 9).
In order to measure the sun position on the celestial sphere, from “Via dell’Abbondanza Station” a survey was carried out by using the shadow projection of a gnomon on the ground, technique used since antiquity for orientation in respect to
the sun.43 For use as a gnomon, a 1.65 m long telescopic pole with a prism was
fixed on the planking level
and kept in a vertical position by using the in-built
spherical bubble level. With
a Leica TS16 Total Station,
with an angular precision of
1’’, three points were measured: the gnomonic pole
base (B) and top (C), and its
shadow projection on the
ground (A). Measurements
were done 5 minutes after
the first visible ray of the
rising of the sun. The same
procedure was repeated 35
Figure 7. Orientation of the sun according to fieldwork measurements and calculations in relation to the
minutes after the sun rising
position of Monte Torrenone and Faitaldo (c. 18 km from Pompeii). “Orientation Solstice Gnomon” (in
blue) is the direction of the gnomon shadow on 21/06/2020, 5 minutes after the sun rising. “Orientation
in order to have control data
Solstice Declination 600BC” (in red) is the previous measurement with the correction for ecliptic obliquity
in 600 BC. “Orientation Solstice Declination 600BC sunrise upper limb” (orange) is the orientation of the
for comparison. In order to
sun at the exact moment of its upper limb rising in the Archaic period and represents the final direction to
geo-reference the survey
be compared with Via dell’Abbondanza midway line (black). Finally, “Orientation Solstice Declination 600
BC mathematical horizon” (pink) is a test applying the suggestion by Hyginus to sight the sun as if above
with the local cartographic
an ideal zero-horizon (elaborated by Michele Silani).

42

We would like to thanks Prof. Carlo Rescigno and Prof.ssa Carmela Capaldi for assisting the
observations.
43 Herodotus, Histories II 109.
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projection system, from “Via dell’Abbondanza Station” three anchorage points
from the Parco Archeologico di Pompei topographical grid were rigorously measured.44 Thanks to the acquisition of these data, it was possible to determine the
position of the sun 5 minutes after its local rising on 21/06/2020 and to display its
orientation on the map (“orientation solstice gnomon” on fig. 7). Indeed, as mentioned in the previous section, the parameters necessary to determine the position
of any points on the celestial sphere are azimuth and altitude: in this case, the sun
position was calculated with the direction of the gnomon shadow (az) and the angle BÂC (h). The results of the fieldwork have given an azimuth value of 61.55°
in the line between the gnomon and its shadow projection and reported on the
site plan with the correction
given by the meridian convergence inherent to the
georeferenced cartography
used (“orientation solstice
gnomon” on fig. 7).45 The
angle BÂC gave the altitude
value of 3.277°, also considering the penumbra ambiguity.46
From these values, at the
latitude of 40.75° that is
precisely “Via dell’Abbondanza Station”,47 the calculated declination of the sun
is 23.43°.48 This declination
value corresponds to the expected value of the obliquity of the ecliptic ε for 21st
June 2020, confirming the
consistency of the fieldwork

44
45
46
47
48

Figure 8. Comparing the orientation of street centrelines (black) with the direction of the sunrise upper
limb rising on summer solstice in 600 BC (orange lines). All orange lines are created parallel to each
other’s starting from the one at Via dell’Abbondanza, obtained after fieldwork measurements and data
analysis for the sun position. The geometrical translation is possible due to the sun infinite distance in
respect to the urban dimensions, since at that precise moment the sun has the same azimuth (60°.37) for
the whole plateau of Pompei (elaborated by Michele Silani).

Other control measurements were done on archaeological structures visible both on site and
on Pompeii topographical reference basis from Morichi et al. 2018.
See note 24.
The fuzziness of the gnomon shadow is due to the fact that the sun is not a point source of
light but has an apparent diameter of 0.5°; therefore, we added a penumbra error of ±0.25° to
the value of the altitude.
For the conversion of the latitude value in geographic coordinates WGS84 starting from
cartographic coordinates with Gauss Boaga Fuso Est Roma 1940, the national IGM software
Verto 3k was used.
Ruggles 2014a, 460-462.
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on site measurements.49
Furthermore, it was necessary to consider the exact
moment when the sun was
rising, since field measurements have a delay of 5
minutes in respect to it. For
this reason a reassessment
of the bearings was carried
out, considering that the
hour angle of the sun does
not flow at an even rate,
the sun in those 5 minutes
was running 1.096° along
the declination line, which
is inclined in respect to the
astronomical horizon to an
angle corresponding to the
Figure 9. Top: Rising of the sun at summer solstice from “Via dell’Abbondanza Station”, Pompeii, 21st June
co-latitude.50 After having
2020. Consider that the position of the sun in the 7th -6th cent. BC was half a degree on the left than
nowadays (photo by Ilaria Cristofaro). Below: Panorama image of the rising of the sun at summer solstice
subtracting those 5 minutes,
from “Via di Nola Station”, with Via Vesuvio on the left and Via Stabiana on the right, Pompeii, 21st June
the new computed values
2020 (photo by Carlo Rescigno).
are 60.83° for the azimuth
and 2.45° for altitude for
the upper limb of the sun rising on 21/06/2020. To calculate the position of the
sun at its rising in the 7th-6th century BC, the small variation in the oscillation of
the obliquity of the ecliptic ε should be added.51 Even if the year 600 BC was used
as a reference date for the urban foundation, not much variation in the ecliptic ε
and the sun position would exist for few centuries of difference. Therefore, we
substituted the sun obliquity of the ecliptic ε value for AD 2020 to the one for 600
BC: in particular, the solstitial declination of the sun has a difference in declination
of +0.33°.52 Finally, from the sun’s Archaic declination value, it was possible to calculate back the value of the sun azimuth in the Archaic period,53 in order to compare it with the orientation of the urban grid of Pompeii: keeping unchanged the
altitude and the latitude, in 600 BC the summer solstice rising sun azimuth value of

49
50
51
52
53

Ruggles 1999, 57; Ruggles 2014a, 465; Data for ε are derived from Laskar (1986) using the
calculator provided by PH Science Labs at http://www. neoprogrammics.com/obliquity_of_
the_ecliptic/
Karttunen et al. 2003, 31-32.
Ruggles 2014c, 479-480.
Ruggles 2014c, 479-481; Data for ε are derived from Laskar (1986) using the calculator provided by PH Science Labs at http://www. neoprogrammics.com/obliquity_of_the_ecliptic/
Karttunen et al. 2003, 31-32.
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60.37° (60° 22’ 27’’) was obtained (“orientation solstice declination 600 BC sunrise
upper limb” on fig. 7). Due to the progressive decrease of the ecliptic obliquity
over two and half millennia, the sun now rises half a degree, which corresponds to
the width of the sun diameter, south of its rising position in 600 BC.54 This result is
fully compatible with Stellarium data for summer solstice on 29/06/-600 at 4:44:43
from “Via dell’Abbondanza Station” and the SRTM 3” horizon profile by Horizon
software (fig. 5). The wider error on the altitude 2.45° (2° 26’ 46’’) in respect to
2° 46’ 55’’ by Stellarium derives from the fuzziness of the penumbra ambiguity in
the gnomon shadow.
This obtained result is diverging from 1.2° in respect to the mean orientation of
Via dell’Abbondanza (figs. 7-8) and this is compatible with the accuracy expected
for the determination of an astronomical orientation in antiquity. Irregularities in
the urban modifications following the moment of the city foundation until AD
79 have clearly conditioned our determination of the mean orientation of Via
dell’Abbondanza.55 However, results show that Via delle Terme has the most precise
orientation to the rising summer solstice sun among the roads surveyed (fig. 8);
therefore, from that street autoptic observations and photographic documentation
will be produced during the next solstice. Moreover, the altitude value obtained
(2.45°) is referred to the center of the solar disk and compatible with the presence
of Monte Faitaldo on the horizon. The mountain would have partially covered the
sun, whose upper limb would have been visible, exactly at its rising. The importance of the landscape and the local skyline was already considered in antiquity,
as confirmed by the writing of ancient Gromatics, or Roman agrimensores,56 in
particular Hyginus, when he questioned:
et si kardo a monte non longe nascatur siue decimanus, quomodo potest cursus conprehendi recte, cum ferramento
sol occiderit et trans montern sol adhuc luceat et eisdem ipsis adhuc campis in ulteriore parte resplendeat?57

If the kardo or decumanus originates not far from the mountain, how can the course (of the sun) be sighted properly,
if the sun has set on the ferramentum, but is still shining beyond the mountain and beaming down on the very same
plain in the more distant area?58

In the case of Pompeii, the presence of Monte Torrenone and Monte Faitaldo seems to have been considered in the ancient planning of the town. As a confirmation, we tested the possibility of having a zero horizon, by sighting the solstitial sun
54
55
56
57

Ruggles 1999, 57.
Prendergast 2014, 391.
For recent evidence of Gromatics in Pompeii see Ferro, Magli and Osanna 2020.
Hyg. const. limit. 12-16 Th.; see the illustration from the codexes of the Gromatics (Rome, Vat.
Pal. Lat. 1564, fol. 92r), fig. 98a Th., 98 C. in Dilke 1967, pl. 4.
58 Campbell 2000, 146-147.
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rising above an ideal flat horizon with no mountains according to the suggestion
by Hyginus: this orientation does not conform with the urban layout (“orientation
solstice declination 600 BC mathematical horizon” on fig. 7). More appropriate to
the present analysis are the words of the agrimensor Frontinus, who wrote that
multi mobilem solis ortum et occasum secuti uariarunt hanc rationem. sic uti[que] effectum est, ut decimani spectarent ex qua parte sol eo tempore, quo mensura acta est, oriebatur59

many have followed the variable rising and setting of the sun and altered this principle.60 Indeed they have arranged
so that the decumani faced from the part (of the heavens) where the sun was rising at the time when the survey
was carried out.61

The definition of the visible horizon profile from a specified point is a central issue
for investigations relating the relationship between astronomical and on-site orientations. For this reason, more data have been acquired, still in elaboration, for other
relevant positions of Pompeii topography, corresponding to the two urban Archaic
sanctuaries, the Apollo Temple and the Doric Temple, as well as at the crossroad nearby the Temple of Fortuna Augusta. Horizon profiles, together with archaeological
structures survey, will be inserted within the software Stellarium in order to refine the
accuracy of the reconstructions and realize new cases study, since the solutions acquired on site fieldwork just discussed resulted fully compatible with the digital models.
M.S.

5.Preliminary Considerations towards a Possible Interpretation:
Orientation versus Alignment in Foundation Rituals
Different conventions exist in relation to use of the term orientation and alignment.62 If orientation is meant to be “the measured direction of a structure’s
façade or axis with respect to the local meridian (azimuth)”, the idea of alignment
implies the original intention of directing a monument façade or axis towards a determinate target beyond any coincidence.63 The question of intentionality is, therefore, a central issue. Efrosyni Boutsikas and Clive Ruggles pointed out that the
“fundamental methodological problem” in archaeoastronomy consists in the fact
that a determinate architectonic orientation must point somewhere - in the land or

59
60
61
62
63

Frontino de limit. 14, 14-17 Th.
The principle of directing decumani from east to west.
Campbell 2000, 11.
Prendergast 2014, 389.
Prendergast 2014, 391.
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skyscape (fig. 4).64 Moreover, whereas the landscape changes only over long time
periods, the sky’s movement provides a wide range of astronomical possibilities
for one single orientation. Thus, any claims for a particular intentional orientation, or alignment, should be supported by archaeological evidence and culturally
contextualized. Bradley E. Schaefer (2006) proposed a useful manner to proceed.65
He argued that for claiming intentionality three or more conditions should be satisfied: first, the orientation should be statistically significant (3σ or better); second,
there should be archaeological evidence for the orientation intentionality; third,
there should be ethnographical or anthropological evidence on the symbolic value
of the alignment, which means that any archaeoastronomical orientation needs to
be explained within the specific cultural context in order to give sense to a particular interpretation. As Stanisław Iwaniszewski considered, the skyscape’s experience
is related to particular cultural, social, technological and environmental conditions;
hence, it became essential to intertwine several disciplines in order to justify the
fieldwork’s measurements within a contextualized interpretation.66
According to Schaefer, to calculate the statistical significance in respect to the null
hypothesis, which implies that an orientation is accidental, the probability that
a single orientation within a single site corresponds within 1° (±1) to a solar direction, cardinal or solstitial, is 1/22.5.67 This is due to considering that the eight
main solar rising and setting positions (four cardinal and four solstitial) occupies an
azimuth value ±1° for a whole circle of 360°: in total they cover 16°, or 2° each
8 directions, that is 4.4% of the whole circle of the horizon. In a gaussian statistic
this probability corresponds to 2.08 σ. Thus, quoting Vito Francesco Polcaro, the
probability that an orientation found in “one of the eight fundamental solar directions is due to chance is significantly high”, therefore its factual presence “does not
prove itself that it was intended by builders”.68 In the case of Pompei, apart from
the urban fabric and all the monuments oriented accordingly to it, there is another
relevant archaic structure oriented towards summer solstice: the Doric Temple,
situated on a promontory on the southern limit of the city (fig. 1). This has its
main axis with an azimuth of 300.25°, pointing towards the city plateau, with the
altitude of the local bare ground horizon of 1.7°. Its own very peculiar orientation
was not affected by the topographical contexts: in particular, looking towards the
cella, the temple’s prolonged axis pointed within an approximation of 1° towards
the position of the setting sun at summer solstice in the 7th-6th century BC (fig. 10).
The same cannot be true for the reverse view, looking south-east with the back at
the temple entrance. At the time of winter solstice, a mountain delays the sunrise
64
65
66
67
68
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Schaefer 2006.
Iwaniszewski 2014, 323.
Schaefer 2006.
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GROMA 5 - 2020

and this shifts the azimuth of the rising sun
so as not to correspond with the temple’s
axis, therefore excluding the possibility of
alignment.69 Thus, it is possible to calculate the null hypothesis that the summer
solstitial coexistence of the peculiar orientation of the Doric temple, together with
the urban grid, is due to chance, assuming
they are statistically independent. This
corresponds to the composite probability
that two orientations within a single site
points at the eight fundamental solar directions is due to chance is 1/506.25, or
0.2%. In conclusion, the probability that
two orientations in a single site pointing at
relevant solar directions is not coincidental
is 99.8%, which corresponds to 3.5σ and is
therefore statistically significant. Thus, the
first test is successfully passed.
The direct archaeological evidence may
give some hints to confirm the solstitial
alignments. The extended axis of the Doric Temple, as well as the facing heroon, is
Figure 10. The top yellow line shows the direction of the Doric Temple’s main axis
with an azimuth of 300°.25 (towards north-west): considering the altitude of 1°.7,
diagonally crossing the middle of the Fothis direction points at the summer solstice sunset in the Archaic period (±1°). The
rum, to unite and align with the very last
bottom yellow line is the direction of summer solstice sunrise in line with Via delle
Terme. At the cross-road between Via delle Terme and the last trait of Via Consopart of Via Consolare (fig. 10). This assolare, the angle of c. 120° of the two solstitial diagonals is still visible in the viability
ciation was already noted by Filippo Co(adapted from Google Earth 2020 by Ilaria Cristofaro).
arelli, stating that there might have been
an old track connecting the road coming
from the Salinae Herculeae, called viu Sarinu, to the Doric Temple, in a cult dedicated to Hercules in relation to the salt market.70 From the present analysis new data
can be added to this theory, since Via delle Terme represents the best fit to the rising
midsummer sun among the streets surveyed (figs. 6 and 8). Between via Consolare
and Via delle Terme the angle of 120° might reflect the intersection of the two solstitial directions at midsummer time, one sightline coming from the Doric Temple
towards the sunset, the other pointing at sunrise above Monte Faitaldo-Torrenone
(fig. 10). If the summer solstice played a part in the ritual temporality and spatiality
of the city foundation, and if the Doric Temple preserved such a memory with its
69

For this reason we excluded the possible orientation to winter solstice sunset for the urban
grid (on the opposite geometrical side of summer solstice sunrise), but further analysis is needed.
70 Coarelli 2001, 98.
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orientation, the data here analysed highlight the cross-road between Via Consolare
and Via delle Terme as the central point of the urban planning. Few centuries after,
by the end of the 1st century BC, the Temple of Fortuna Augusta was built nearby: its orientation does not seem casual since the sanctuary appears as an intrusion
on existing nearby buildings, also obstructing the viability of Via della Fortuna.
This anomaly may find an explanation if the direction of the sun rising at summer
solstice was the target of the temple axis. Indeed, according to Jacqueline Champeaux, in the Roman world at the day of summer solstice a festivity dedicated to
Fortuna was celebrated.71
There are many advantages of using the sun as a point of reference in urban planning in preference to sighting a mountain, as De Caro suggested.72 Due to the
sun’s infinite distance with respect to Earth, orientation to the sun was possible in
many sectors of a site, even where distant from each other, its rays always appearing parallel at multiple places (fig. 8). In comparison, sighting a nearby mountain
from different distant points on a site would introduce parallax errors causing streets not to be parallel (fig. 3): in the case of Pompeii, although Via di Nola is oriented towards Monte Torrenone, this is not true for Via dell’Abbondanza or Via delle
Terme. Furthermore, solar and topographical (mountain and relative river springs)
solutions need not be mutually exclusive, if considering that the Roman festivity
dedicated to Fortuna was celebrated at summer solstice at the local fluvial divinity and known as the Tiberina descensio.73 Therefore, De Caro’s hypothesis will be
further scrutinised by testing the nearby urban layout of Nuceria Alfaterna, whose
orientation was suggested to point at the same mountain peak.74
How such archaeological evidence might be related to the temporality of foundation
rituals will be the topic of analysis in future research. Finally, apart for calendric purposes more proper to temple rituality, other possible interpretations of such specific
orientation in the urban grid include the function of guaranteeing the right solar irradiation across the year to all houses façades.75 This intention might explain the greater error attested for the eastern part of the grid. This and other interpretations will
be further explored in the future advancement of this research by comparing other
urban settlements to better understand the role of the sky within foundation rituals.
I.C.
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6.Conclusion
Skyscape archaeology explores meanings and functions attributed to celestial phenomena by human groups within the specificity of each cultural perspective. The
interrelationship between the skyscape, the horizon profile and the geomorphological landscape creates a wider understanding of the site in examination. For the
case study of Pompeii, a starting hypothesis by Nissen was tested by employing
digital reconstruction of the land- and skyscape. The fieldwork has proven the
compatibly of direct data with the digital models. The orientations of Via dell’Abbondanza, Via di Nola, and Via delle Terme were compared to the position of the
rising sun at summer solstice in the Archaic period above Monte Torrenone and
Faitaldo. The best fit result was for Via delle Terme, orientated towards the solstitial sun within 0.5°, in respect to Via dell’Abbondanza with 1.2° of error, whereas
Via di Nola has a divergence error of 1.3° (fig. 8). The sighting of the sun above
the local horizon for orientating the decumanus is textually attested by Frontinus,
whereas Hyginus suggested a zero-horizon practice not compatible with Pompeii
urban grid. In order to confirm the intentionality of such astronomical alignment,
a statistical test was carried out: considering the co-existence on site of two important solar directions, one in the urban grid and the other at the Doric Temple, the
probability that this is coincidental is 0.2%. Moreover, archaeological evidence in
relation to the cult of Heracles at the Doric Temple and the position of Via Consolare proposed by Coarelli will be further scrutinised with the additional evidence
of the alignment to the direction of the summer solstice sunset. The intention of
assuring equal solar irradiation all year could be one explanation for the urban grid
and this needs further testing. These preliminary results will be contextualised by
applying the method of skyscape archaeology to other Campanian cities in order
to compare data. Meanwhile other evidence is brought to light, it is possible to
conclude by suggesting the hypothesis that summer solstice had temporal and spatial significance for the planning of ancient Pompeii, as inferred from the orientation of the urban grid and the Doric Temple.
I.C., M.S.

Bibliography
Avagliano, Alessandra. 2018. Le origini di Pompei: la città tra il VI e il V secolo a.C.
Bulletin antieke beschaving. Supplement, 33. Leuven: Peeters.
Bonghi Jovino, Maria. 2011. “Ripensando Pompei arcaica.” In Corollari: scritti di
antichità etrusche e italiche in omaggio all’opera di Giovanni Colonna, ed. by
Daniele F. Maras, 4-13. Pisa: Fabrizio Serra.
Boutsikas, Efrosyni. 2007-2008. “Placing Greek Temples: An Archaeoastronomical
Study of the Orientation of Ancient Greek Religious Structures.” Archaeoastronomy: The Journal of Astronomy in Culture, 21: 4-19.

Ilaria Cristofaro, Michele Silani

158

Boutsikas, Efrosyni, and Clive Ruggles. 2011. “Temples, Stars, and Ritual Landscapes: The Potential for Archeoastronomy in Ancient Greece.” American Journal of
Archaeology, 115 (1): 55-68.
Briquel, Dominique. 2008. “L’espace consacré chez les Étrusques: réflexions sur le
rituel étrusco-romain de fondation des cités”. In Saturnia Tellus : definizioni dello
spazio consacrato in ambiente etrusco, italico, fenicio-punico, iberico e celtico,
Atti convegno internazionale, Roma, 10-12 Novembre 2004, ed. by Xavier Dupré
Raventós, Sergio Ribichini, and Stéphane Verger, 27-47. Roma: Consiglio Nazionale delle Ricerche.
Campbell, Brian. 2000. The Writings Of The Roman Land Surveyors. Journal of Roman
Studies Monograph, 9. London: The Society For The Promotion Of Roman Studies.
Campion, Nicholas. 2015. “Skyscapes: Locating Archaeoastronomy within Academia.” In Skyscapes: The Role and Importance of the Sky in Archaeology, ed. by
Fabio Silva and Nicholas Campion, 8-19. Oxford: Oxbow Books.
Coarelli, Filippo. 2001. “Il Foro Triangolare: decorazione e funzione.” In Pompei:
Scienza e Società. 250° anniversario degli Scavi di Pompei, Convegno Internazionale, Napoli, 25-27 novembre 1998, ed. by Pier Giovanni Guzzo, 97-108. Milano.
Coarelli, Filippo. 2008. “Il settore nord-occidentale di Pompei e lo sviluppo urbanistico della città dall’età arcaica al III sec. a.C..” In Nuove ricerche archeologiche
nell’area vesuviana (scavi 2003-2006), ed. by Pietro Giovanni Guzzo and Maria
Paola Guidobaldi, Studi SAP 25, 173-176. Roma: L’Erma di Bretschneider.
Champeaux, Jacqueline. 1982. Fortuna: Le culte de la Fortune à Rome et dans le
monde romain. Fortuna dans la religion archaïque, Vol I. Roma: Ecole Française
de Rome.
Connolly, David. 2016. Archaeoastronomy for Archaeologists. Guide 43, BAJR Series. [online]. www.bajr.org/BAJRGuides/43_ArchaeoAstronomy/43_ArchaeAstronomy.pdf
Cristofani, Mauro, 2009. “La Fase ‘Etrusca’ di Pompei.” In Pompei, a cura di Fausto
Zevi, 17-54. Napoli: Alfredo Guida Editore.
De Caro, Stefano. 1992. “Lo Sviluppo Urbanistico Di Pompei.” Atti E Memorie Della
Società Magna Grecia, 3: 67–90.
Giglio, Marco. 2016. “Considerazioni sull’impianto urbanistico di Pompei.” Vesuviana, 8: 11- 48.
Guzzo, Pietro Giovanni, and Maria Paola Guidobaldi (eds.). 2008. Nuove ricerche
archeologiche nell’area vesuviana (scavi 2003-2006), atti del convegno internazionale, Roma, 1-3 febbraio 2007, Studi SAP 25, Roma: L’Erma di Bretschneider.
González-García, A.C., A. Rodríguez-Antón, D. Espinosa-Espinosa, M.V. García Quintela, and J. Belmonte Aviles. 2019. “Establishing a New Order: The Orientation of
Roman Towns Built in the Age of Augustus.” In Archaeoastronomy in the Roman
World , ed. by Giulio Magli, Antonio C. González-García, Juan A. Belmonte Aviles,
and Elio Antonello, Historical & Cultural Astronomy, 85-102. New York: Springer.
Ferro, Luisa, Giulio Magli, and Massimo Osanna. 2020. “Gromatic Images from New
Discoveries in Pompeii.” Nexus Network Journal 22: 717–733.

159

GROMA 5 - 2020

Henty, Liz. 2014. “The Archaeoastronomy of Tomnaverie Recumbent Stone Circle: A
Comparison of Methodologies.” Papers from the Institute of Archaeology, 24 (1):
1-15.
Holappa, Maija, and Eeva-Maria Viitanen. 2011. “Topographic Conditions in the Urban
Plan of Pompeii: The urban landscape in 3D.” In The Making of Pompeii: Studies
in the history and urban development of an ancient town, ed. by Steven J. R. Ellis,
Journal of Roman Archaeology Supplementary Series, 85:169–89. Portsmouth.
Incerti, Manuela. 2001. “Architettura sacra medioevale ed archeoastronomia.” In
L’Uomo Antico e il Cosmo, Atti dei Convegni Lincei, 171, ed. by F. Bertola, G.
Romano, and E. Proverbio, 346–384. Roma: Accademia Nazionale dei Lincei.
Iwaniszewski, Stanisław. 2014. “Cultural Interpretation of Archaeological Evidence
Relating to Astronomy.” In Handbook of Archaeoastronomy and Ethnoastronomy,
ed. by Clive L. N. Ruggles, 315-324. New York: Springer.
Laskar, J. 1986. “Secular terms of classical planetary theories using the results of general relativity”. Astron Astrophys 157:57–90
Karttunen, Hannu, Pekka Kröger, Heikki Oja, Markku Poutanen, and Karl Johan Donner. 2003. Fundamental Astronomy. 4th ed. New York: Springer.
Morichi, Ruggero, Rosario Paone, and Fabia Sampaolo. 2018. POMPEI. Nuova
cartografia informatizzata georiferita, Quaderni di Nova Bibliotheca Pompeiana.
Roma: Arbor Sapientiae Editore.
Nissen, Heinrich. 1906. Orientationen: Studien zur Geschichte der Religion. Vol. I.
Berlin: Weidmann.
Patat, Ferdinando. 2011. “Horizon synthesis for archaeo-astronomical purposes.” In
Astron. Nachrichten 999, 88: 789–795.
Pernigotti, Antonio Paolo. 2019. “A Contribution to the Study of the Orientation of
Etruscan Temples.” In Archaeoastronomy in the Roman World , ed. by Giulio Magli, Antonio C. González-García, Juan A. Belmonte Aviles, and Elio Antonello, Historical & Cultural Astronomy, 3-15. New York: Springer.
Prendergast, Frank. 2014. “Techniques of Field Survey.” In Handbook of Archaeoastronomy and Ethnoastronomy, ed. by Clive L. N. Ruggles, 389-409. New York: Springer.
Ruggles, Clive. 1999. Astronomy in Prehistoric Britain and Ireland. New Haven and
London: Yale University Press.
Ruggles, Clive. 2011. “Pushing back the frontiers or still running around the same
circle? ‘Interpretative archeoastronomy’ thirty years on.” In Proceedings IAU Symposium No. 278, Proceedings of “Oxford IX” International Symposium on Archaeoastronomy (Lima), ed. by Clive L. N. Ruggles, 1-18.
Ruggles, Clive. 2014a. “Basic Concepts of Positional Astronomy.” In Handbook of
Archaeoastronomy and Ethnoastronomy, ed. by Clive L. N. Ruggles, 459-472. New
York: Springer.
Ruggles, Clive. 2014b. “Best Practice for Evaluating the Astronomical Significance
of Archaeological Sites.” In Handbook of Archaeoastronomy and Ethnoastronomy,
ed. by Clive L. N. Ruggles, 373-388. New York: Springer.

Ilaria Cristofaro, Michele Silani

160

Ruggles, Clive. 2014c. “Long-Term Changes in the Appearance of the Sky.” In
Handbook of Archaeoastronomy and Ethnoastronomy, ed. by Clive L. N. Ruggles,
473-482. New York: Springer.
Schaefer, Bradley E.. 2006. “Case Study of Three of the Most Famous Claimed Archaeoastronomical Alignments in North America.” In Viewing the Sky Through
Past and Present Cultures. Proceedings of Oxford VII International Conferences
on Archaeoastronomy, ed. by Todd W. Bostwick and Bryan Bates, Pueblo Grande
Museum Anthropological Papers, 15, 27-56. Phoenix: City of Phoenix, Parks and
Recreation Department.
Silva, Fabio. 2015. “The Role and Importance of the Sky in Archaeology: An Introduction.” In Skyscapes: The Role and Importance of the Sky in Archaeology, ed. by
Fabio Silva and Nicholas Campion. Oxford: Oxbow Books.
Sommella, Paolo. 1988. Italia antica: l’urbanistica romana. Roma: Jouvence.
Polcaro, Vito Francesco. 2016. “The Credibility of Archaeoastronomy: A Suggestion
From Pharmacology?” Mediterranean Archaeology and Archaeometry, 16 (4): 1-5.
Vinaccia, Gaetano. 1939. Il Corso del Sole in Urbanistica ed Edilizia. Milano: Hoepli.
Zotti, Georg. 2016. “Open-Source Virtual Archaeoastronomy.” In Mediterranean Archaeology and Archaeometry 16 (4): 17–24.
Zotti, Georg, and Alexander Wolf (eds.). 2020. Stellarium 0.20.3 User Guide. [online].
https://stellarium.org/

161

GROMA 5 - 2020

Enrico Giorgi

B. Forsén (ed.), “Thesprotia Expedition IV.
Region Transformed by Empire”

B. Forsén (ed.), Thesprotia Expedition IV. Region Transformed by Empire, Helsinki
2019. Papers and Monographs od the Finnish Institute at Athens (Vol. XXIV)
The Thesprotia Expedition Project is a long-term landscape archaeology project
of the Finnish Institute at Athens, conducted since 2003 in agreement with colleagues from the Ephorate. At the time the project began, Thesprotia was still one of
the least known and least studied regions of ancient Greece in terms of landscape
archaeology. Despite the construction of the new Via Egnatia that had led to a
number of important archaeological discoveries, scholars’ attention was mainly focused on major archaeological sites such as Elea, Gitana, Phanote and Dymokastro,
while a large-scale intensive survey project capable of providing an overall reconstructive picture was still lacking. Some projects involving archaeological surveys
were being carried out in various parts of ancient Epirus, but they mainly involved
analysis at a site-scale and the immediate environs. An integrated landscape archaeology project such as that of the Finnish Institute at Athens, which would study a sub-regional area such as the Kokytos valley was therefore still lacking. The
Thesprotia Expedition, which is still ongoing, is programmatically proposed as a
project capable of combining archaeology, historiographic and epigraphic sources
and ancient geography. The method involves intensive archaeological and geoarchaeological surveys, excavation trials and palynological studies located in some
areas of particular interest for the reconstruction of the ancient landscape. The focus is on the Kokytos valley, in the heart of Thesprotia, a region of ancient Epirus.
The chronological range is wide, in line with the longue durée which is a common
approach in the archaeology of Mediterranean landscapes. The research questions
are answered in the timely publication of the volumes included in the Monographs
of the Finnish Institute at Athens, starting with the first volume published in 2009
edited by Bjorn Forsén and entitled ‘Thesprotia Expedition I. Towards a Regional
History’, which presented the project, beginning with the methodological approach and the broad chronological framework. The second book (Thesprotia
Expedition II), published in 2011 and edited by Bjorn Forsén and Esko Tikkala, is
dedicated to Environment and Settlement Patterns. The third published in 2016
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(Thesprotia Expedition III), edited by Bjorn Forsén, Nena Galanidou and Esko
Tikkala concerns landscapes of nomadism and sedentism.
The attention and the accuracy in the regular presentation of the results to scholars
is enough to understand the importance that this project has gained over time to
become an indispensable source for landscape archaeology studies in this region of
ancient Greece.
Further merits include the skillful balance between the most innovative methodologies of archaeological investigation and the consistently high regard for more
traditional approaches that do not neglect the study of historiographic and epigraphic sources or even stratigraphic archaeological excavation. The very effective
collaboration with Greek archaeologists and in general with other colleagues, specialists in other various disciplines, is also one of the strengths of the project.
The latest issue of the series follows the same path. The main subject of the book is
the transformation that characterized the Thesprotian landscape in Roman times,
entitled ‘Region Transformed by Empire’ edited by Bjorn Forsén, currently director of the Finnish Institute at Athens, and published in 2019. The book is focused
on the Hellenistic and Roman periods and also includes reports of excavations at
the sites of Mazarakia, Ladochori, Gouriza and Agios Donatos. There are also numismatic studies and an important summary of the fortifications of Epirus.
As in previous publications, the editor’s first paper, named ‘Disruption and Development: Tracing Imperial Vestiges in Epirus’, presents a summary of the entire
volume and provides the status of the research project, with an extremely useful
overview (pp. 1-48). The brief historical framework, highlighting how Thesprotia
was dominated over time by a series of empires (first Macedonian, then the Roman, followed by Byzantine, the Venetian and the Ottoman), introduces the section focusing on ‘Macedonian Influence’ (pp. 4-12). The author notes that, from
the early Iron Age onwards, a settlement pattern developed in the Kokytos valley,
which is stable at least until the end of the Third Macedonian War (167 BC), but
which also shows some dynamics of persistence thereafter, even up to the Roman
Imperial period (I-II AD). This settlement pattern, which finds a comparison in
the Ioannina basin in neighbouring Molossia, was based on clusters of small sites,
separated from each other by 1.5-2 kilometres, which can be interpreted as nonnucleated villages or scattered villages sometimes surrounded by farms, presumably
inhabited for centuries by the same family groups. The spread of agriculture and
the proximity of pastures contributed to the stabilisation of the regional settlement.
During the Hellenistic period (4th-3rd BC) there was a sharp increase in population and, alongside the scattered villages that continued to exist, fortified sites were
also established on the hilltops. Among these, only a few emerge that have a real
urban development and become cities included in the lists of participants in the
Panhellenic games of Delphi and Epidaurus. This dynamic does not appear to be
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the result of synecism but of demographic increase, since traditional scattered populations continues to persist. In the Hellenistic period the most significant change
is represented by the rise of hilltop fortifications and the establishment of planned
urban settlements in some of these sites, such as Elea, Kassope, Orraon and Gitana.
Great attention was also given to the defense of the harbours: they were connected
with walls to the cities (Amphipolis/Limnaia), or fortified (Argos Amphilochion,
Thyrreion) or protected with small forts at the harbour mouth (Palairos and Oiniadai).
The study of these coastal settlements implies the reconstruction of the important
environmental changes that characterise river mouths and inland basins, where
significant changes in the coastline can be observed, with the sea reaching several
kilometres further inland in ancient times. Such changes in the landscape are also
fundamental to understand the fortified site at the so-called Nekyomanteion (Figs.
2, 3, pp. 9-11), at the mouth of the River Acheron.
The site, traditionally interpreted as an oracle of death by the renowned Greek
archaeologist Dakaris, is now being reassessed in the light of more recent studies
as a ‘fortified trading station’, built to protect the port as in the case of Lygia at
the mouth of the Kalamas river, recently re-examined by Spandimos. The last
major development in this period was the expansion of the Molossians, first under
Alexander I, with the help of Philip II of Macedon, and then under Pyrrhus, who
promoted the development of cities, palaces and fortification systems until the end
of the Aeacid monarchy (232 BC).
Later developments are analysed in the paragraph entitled ‘Hit by Romans wrath’
(pp. 12-17). This is the period of the Republican Federal State of Epirus, which
brought together Molossians, Thesprotians and Chaones. During this period, Epirus suffered raids by Illyrians (130 BC) and Aetolians (219 BC) and was involved
in the clash between Rome and the Macedonians. After briefly reviewing the behaviour of Epirotes during the Macedonian Wars, the author compares the ancient
historiographical tradition, which places great emphasis on the destruction of cities
and the deportation of the population ordered by Lucius Aemilius Paulus after Pidna (167 BC), with archaeological data.
It is a careful critical re-reading of ancient written sources that are reconsidered
in the light of demographic observations and the most recent studies by historians
and archaeologists. Of particular interest, also in terms of method, is the consideration that some traces of destruction found by archaeologists in Molossia and Thesprotia have been linked to the actions of the soldiers of Lucius Aemilius Paulus
in a way that is sometimes too uncritical, due to the conditioning imposed by the
tradition of ancient writers. In some cases, such as Kastritsa and Magalo Gardiki,
also in the Nekyomanteion itself, the destruction operated by the Romans seems
clear. By contrast, in other cases a more careful critical review requires taking into
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account even more recent earthquakes and other war events that may have caused
such destruction (footnote 78, p. 14). Moreover, it seems that several towns resumed their life and were not completely abandoned, albeit with different outcomes
and forms of settlement. Nevertheless, the author must accept that in the Kokytos
valley the decline in population is evident and the landscape certainly became
more desolate (Fig. 4, p. 15). Before Pidna the valley was dominated by the city of
Elea, supported by at least three other clusters of scattered rural sites (komai) and
subsequently several sites were abandoned including Elea itself, which was however later partially resettled. The changes that characterise the following period
under the Roman rule are analysed in the paragraph entitled ‘The years of wild
capitalism’, as well as in the following named ‘Colonisation and Restructuring’
(pp. 17-31), in which the survival of the Epirote communities within the Roman
provincial system is analysed. The real change now seems to be determined by the
arrival of Roman entrepreneurs. The author recalls that it has long been assumed
that these negotiatores were mainly engaged in trade, whereas we now know that
they also invested heavily in land and animal husbandry, in order to meet the
demand of Rome’s markets. The Roman villa built on the site of the Hellenistic
fortified settlement of Agios Donatos also refers to this class of entrepreneurs, called Synepirotai or Epirotici Homines. The other moment of great change is related
to the Augustan colonisation after Actium (31 BC) to which the Roman colony
of Photike, in the upper Kokytos valley, is also linked. Finally, the last paragraph,
entitled ‘Turning into a frontier region’, deals very briefly with the dynamics that
transformed Epirus into a frontier region up to the Middle Ages and the threshold
of the modern era.
Among the other contributions that complete the volume is Mikko Suha’s important study on the fortifications of Epirus, which concludes a series of papers he has
already devoted to some of the main sites, such as Elea itself, both in the previous
volumes of the same project (Thesprotia Expedition III) and in other publications.
It is a work of great interest because it uses a great deal of data resulting from field
surveys and organises them into an overall view that focuses on poliorcetic techniques with wide reference to specialist bibliography (pp. 49-102).
In addition to the study of coins from three sites in the Kokytos Valley by Tuukka
Talvio (pp. 171-176), broad space is given to the Roman villa of Agios Donatos,
already subject of important studies in previous books (Thespotia Expedition I
and II). This remarkable Roman residential structure is being reconsidered in the
light of the latest research. It is a villa built on high ground overlooking the middle
Kokytos valley on a series of three terraced levels, immediately after the battle of
Pidna (second half of the 2nd century BC), using the remains of the earlier fortified
site from the Hellenistic period. The building was later re-modelled (mid-1st century BC) and finally damaged by an earthquake (70 BC), which led to its decline
until it was abandoned due to a second seismic event (4th AD). Among the finds
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from the excavation are a number of bricks marked with three different inscriptions, one of which (COS), referring to the gens of Cossinii, a family of equestrian
rank mentioned by Varro and Cicero with possessions in Epirus and commercial
trading interests in the Mediterranean. They are believed to be members of the
Roman entrepreneurs, known as Synepirotai, who settled in the region after the
Roman conquest. The presence of archaeological remains that may be related to
horse breeding also sheds light on their possible commercial activities. Remains of
similar stamps of the Cossinii, together with others belonging to the Curtii, another
family of equestrian rank close to Cicero with commercial interests in the eastern
Mediterranean, were found at the mouth of the valley of the Acheron River at the
Nekyomanteion. As mentioned above, this fortified farm, built in the Hellenistic
period in order to control the port, was sieged and conquered by the Roman army,
as shown by the levels of destruction, the remains of catapults, projectile and pilum
heads. It was later reoccupied and turned into an important hub of a commercial
network in which they had to be involved. Goods arriving or being exported
through the harbour of the Glykys Limen had to pass through here.
The archaeological investigation in the area of the Villa of Agios Donatos is the
subject of an extensive report by Eava-Maria Viitanen (pp. 243-274), while Agneta Freccero presents the study of the fragments of wall paintings found during the
excavation, which allow us to recognise and date the second building phase of the
complex (pp. 275-298). Bjorn Forsén and Mikko Suha themselves provide a detailed stratigraphic description of the Early Hellenistic Tower located in the eastern
part of the fortress, which was also reused in the entrance system of the Roman
villa (pp. 299-316). The finds from this excavation are also the subject of specific
studies. Paul Reynolds, with the contribution of Janne Ikaheimo, presents a study
of the late Hellenistic and Roman pottery from the tower deposit enriched by an
important catalogue. The same Bjorn Forsén, Paul Reynolds and Kalle Korhonen
publish two studies on the small finds (pp. 387-412), bricks stamps and graffiti (pp.
413-428).
Two papers are focused on the site of Gouriza. The first article concerns the excavation of the kiln presented by Tommi Tummo, who also carried out the survey
of the same site in the previous volume (pp. 103-169). The Hellenistic kiln (4th
BC) remained in use until it was replaced by a later structure that also yielded a rich
foundation deposit (ca. 325-33 BC). In a second paper, Voula Tritsaroli presents
research on the Early Ottoman Cemetery found in Gouriza (pp. 441-480).
The studies of the necropolises are enriched by Atalanti Betsiou’s paper on the Roman Mausoleum of Zavali near Ladochori (pp. 199-221) and Ourania Palli’s study
of the Early Roman cemetery of Mazarakia (pp. 177-197). The Mausoleum of Zavali is part of a larger Roman necropolis already identified with the construction
of the Archaeological Museum of Igoumenitsa and is linked to a wealthy Roman
family that must have lived in a nearby villa. With regard to the necropolis of
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Mazarakia, a new cemetery area is presented that was recently discovered in a site
already partially known in the past. In particular, it deals with a grave monument
and the tomb with the epitaph of Polinicus.
Overall, the fourth volume of the Thesprotia Expedition Project adds another important step not only in the studies of the Kokytos valley but, more generally, in
the understanding of ancient Epirus. As previously noted, when the project was
launched there were few systematic studies of landscape archaeology in Epirus.
Today these have grown but the Thesprotia Expedition has maintained its role as a
reference point for other scholars. As in previous volumes, the various contributions
provide scholars with an update on the work carried out within the framework
of the project of the Finnish Institute at Athens, but together they constitute a
monograph, this time focusing on the transformation of the landscape in Roman
times. This is made possible thanks to the great consistency in the progress of the
research, which keeps faith with what has been promised since the first publication, offering a broad historical and geographical reconstruction aimed at a longterm analysis. This view, thanks also to the excellent methodological approach, is
always anchored in precise archaeological data collected in the field and presented
in an analytical way. These data dialogue with all other sources, starting with the
written epigraphic and literary ones and ending with environmental analyses. At
the same time, certain contributions, starting with the introductory one by the
editor of the book, also provide a key to interpreting the broader context, presenting all the information in the project’s path and more generally in the regional
archaeological framework, with a wealth of up-to-date bibliographical references.
This volume, in particular, develops some themes of particular importance almost
as internal sub-themes. These include the study of Epirus fortifications, the studies
shedding new light on Hellenistic-Roman necropolis archaeology in Epirus, and
the research on the Roman villa of Agios Donatos. There are also some transversal
themes, such as the reinterpretation of the dynamics of continuity or discontinuity
of the Epirus population after the end of the Third Macedonian War. We also note
some pages that offer an excellent synthesis of studies on some particularly problematic sites such as the so-called Nekyomanteion.
In conclusion, it is possible to state that contemporary archaeology cannot study and understand the whole context of Epirus without these volumes and the
introductory synthesis written by their editors for each of the four volumes of
the Thesprotia Expedition Project. This consideration applies even more in this
case, because this last book compares the data collected by Greek archaeologists in
Molossia and Thesprotia with those of the Kokytos valley, leading to an incisive
reconstruction of ancient Epirus’ landscape during Hellenistic and Roman times.
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