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Abstract

:

A collaboration between the American University of Rome, the Municipality of Giove, and Soprintendenza Archeologia, Belle Arti e Paesaggio dellʼUmbria has resulted in an academic project aimed at a preliminary evaluation of a particular area along the Tiber river that straddles the border between Umbria and Lazio. Archaeological prospection methods, such as Unmanned Aerial Vehicle (UAV)-based remote sensing, ground-penetrating radar (GPR), and photogrammetry, have made it possible to better study the landscape with respect to not only the changes the area has undergone recently, but also its evolution during the Roman and Medieval periods, while keeping the main communication route represented by the Tiber river as its fulcrum.
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1. Introduction


Non-invasive methods in archaeology have been widely used with successful results for many years [1,2,3,4]. In particular, photogrammetry [5,6], drone-borne imagery [1,7], and ground-penetrating radar (GPR) [8,9,10,11,12] have yielded very encouraging results from both a methodological and archaeological point of view. The use of these methodologies is also fundamental to better understanding the historical evolution of specific sites during specific periods [4,13]. For this project, we studied the territory of Giove, focusing in particular on areas close to the Tiber river.



The Tiber is the most significant river in Central Italy. It flows some 400 kilometers through a long valley, starting from the Emilia-Romagna region, through Tuscany, Umbria, and Latium (and Rome), and finally to the Tyrrhenian Sea in Ostia. The river has had positive as well as negative effects upon the growth of Rome (e.g., floods). Compared to other transportation methods, it offered an affordable and cost-effective manner of sending goods to the city by water. Because the river Tiber went as far as the city, it allowed Rome to develop at a safe distance from the Tyrrhenian Sea, providing security against naval fire or invasion [14,15].



The Tiber valley is a tectonic depression formation that is primarily filled with alluvial deposits of sand and clay, which have formed a horizon of low hills that are easily subject to erosion [16]. This landscape has determined settlement strategies since prehistoric times, with people favoring the more solid soils for housing and reserving the less cohesive ones for agriculture. In addition, it has remained quite attractive throughout the ages due to the course of the Tiber river, especially the left bank (geomorphologically the most stable), which offered settler communities many opportunities for connection, defense, and trade [16,17].



Throughout the centuries, the relevant parts related to the river’s navigability have created the possibility of multiple harbors along its course throughout Central Italy [17]. One such area was investigated in this study, with a particular focus on the ancient Roman Republic (2nd–1st century BCE) and early Medieval (10th–12th century CE) periods. The countryside of the current Comune di Giove (within the Umbria region, but close to the boundary of the Latium region) has brought to light several archaeological discoveries that have allowed us to better understand its landscape evolution, particularly during the Roman period [17,18,19,20,21,22,23,24,25,26,27,28].



Based upon previous interesting archaeological surveys done in the area [27,29,30], this non-destructive technique (NDT) research project was focused on two main areas above the Tiber river: (i) San Valentino and (ii) Malvicino (Figure 1). The purpose of this work was both academic and methodological. On the one hand, the involvement of students allowed us to teach them the best practices for the use of remote sensors in an archaeological context; on the other hand, the support of the local bureau for archaeology (the Soprintendenza Archeologia, Belle Arti e Paesaggio dellʼUmbria) allowed us to better understand the fragmented information related to the historical Giove landscape.



1.1. San Valentino


The first site examined was San Valentino, located just north-west of a bend in the Tiber river on private farmland. The most visible monument here is a long wall (about 30 m long × 2.5 m high). The core of the wall is made of opus caementicium (ancient Roman concrete), and its south-east face is made of small irregular limestone blocks, most of which have an exposed face and a rectangular shape with a distinctive herringbone coursing (or opus reticulatum) that is punctured by a series of doors and windows faced with Roman bricks. It is oriented almost parallel to the Tiber river (Figure 2a,b) [17,18,28,29,30,31].



This wall defines the south-east side of a modern olive grove and some lightly ploughed fields. These fields produced ancient bricks, tiles, coins, well-preserved mosaic tesserae, and ceramics during the late Republican and early Imperial periods [27,28]. A few fragments are still easily visible to the naked eye. As it is located near the left bank of the Tiber river, it is likely to have been part of a riverside settlement [17,18,19,21,22,24,25,27,28,30,31,32]. Moreover, previous archaeological surveys have found kilns nearby, which could have produced materials for Rome’s rapid expansion in the late Republican and early Imperial periods [27].



After the Roman period, this wall apparently once terminated at a 9th or 10th century CE church known as San Valentino. During the construction of the 19th-century Rome–Florence railway, the ruins of this church were destroyed by the left shoulder of the bridge by which the railroad crossed the river Tiber. Some decorated stones that were recovered by the then-current inhabitants were walled into the face of the current farm and are still visible today [18,28,29].



Finally, between the farmhouse and the public road to the east, multiple inhumed bodies have been found. These must have been part of the burial ground that extended further east since the opening of the A1 motorway (called Autostrada del Sole), as an a cappuccina necropolis (tile-tent tomb) was found nearby [18,28].




1.2. Malvicino


The second site, Malvicino, was an abandoned modern farm with a pigsty on the top terrace of a hill that overlooks both the east side of the Tiber river as well as the Pleistocene lava dome complex near the town of Viterbo (north of Rome) [33]. Behind the pigsty, two large masonry blocks form part of a large monument on a well-made terrace (Figure 3a). A modern electrical tower sits on a small platform made of ancient Roman opus caementicium (Figure 3b). A large fragment of a late-Republican Dressel 1 amphora is embedded in the wall of the farmhouse. Further clues about the age of this potentially ancient monument are the decorative composite squares of Roman floor tiles, broken up and dispersed among the walls of the most recent (late 19th century) buildings, several fragments of ancient tiles, and the remains of a retaining wall or partially preserved cistern (Figure 3c) [18,34].





2. Materials and Methods


Both of these areas were surveyed using different remote sensing (RS) techniques. First, a DJI Mavic Mini drone was used to collect aerial photos, not only to detect possible parch marks on the surface, but also to better understand the general disposition of the still-visible remains in relation to the areas under investigation.



The second RS method used was the GPR. Specifically, a Noggin® SmartCart® (Sensors & Software, Inc.) with 500 MHz antennas was employed. A series of Y-grids were collected in both areas with similar parameters due to the similarities in the soil and dielectric constant conditions (0.5 m interline; Stacking 4; v = 0.90 m/ns using the hyperbola calibration; setting of the zero-time position relative to the ground surface). The data were of good quality, but images were set to “amplify” the strength of the GPR data signals in both the GPR lines and depth slices. In particular, for both areas, a combination of dewow, migration, envelope (DME), background subtraction, and user gain (start gain between 0.5 and 3, attenuation between 1 and 3, and maximum between 500 and 1000) were used. The attenuation value defined the steepness of the gain function. Lower values resulted in a more gradual slope, while higher values produced steeper slopes. The value slope began at the start gain value and increased until the maximum gain value (the highest multiplication factor that can be applied to GPR line data) was reached. Together with the GPR, a commercial metal detector (Garrett Euro Ace®) was used to check for any metallic objects near the surface. As mentioned above, the area has been particularly disturbed by ploughing throughout this century. Because of this, the purpose of using the metal detector was not to detect archaeological metal findings, but rather to remove metal objects that might disturb the GPR.



Finally, in some buildings, a series of photos were collected for a 3D reconstruction of the two most relevant structures in San Valentino and Malvicino. In particular, photogrammetry was performed for the ancient wall in San Valentino and for the internal walls of the pigsty in Malvicino, using the free software 3DF Zephyr 3D® with parallel axis capture [6,35].




3. Preliminary Results


3.1. Drone-Borne Imagery


3.1.1. San Valentino


The fieldwork included the use of a drone to not only observe the presence of parch marks from above, but also to map the dispersions of ancient potsherds, tiles, and other materials, and to establish the best possible conditions for geophysical prospecting (Figure 4). The drone was also useful in obtaining a better understanding of the general orientation of the wall, as mentioned above, in relation to the Tiber river (Figure 4a). Even though the reddish sherds were already visible to the naked eye, the drone confirmed their dispersion throughout the field, as they had changed the color of the superficial soil from brown to reddish (Figure 4e). However, no particular parch marks were noticed except at some sporadic points (Figure 4b and Figure 5), which were later investigated by geophysical prospections.




3.1.2. Malvicino


As for the San Valentino area, the drone-borne images were useful in better understanding the layout of the modern farm (and especially of the pigsty) in relation to the containment wall/cistern mentioned above (Figure 4d), as well as in consideration of the subsequent geophysical investigations. No particular processing or elaborations were carried out. Moreover, the drone-borne images confirmed that the 20th-century electrical tower was isolated on a partially preserved Roman opus caementicium base (Figure 4c), with the surrounding pozzolana (the local bedrock) having been removed for the construction of the adjacent A1 motorway [36,37].





3.2. Geophysical Prospections


3.2.1. San Valentino


The surface of the ground was initially probed using a metal detector to detect ancient objects and, above all, to eliminate the areas where modern metal elements could disturb the subsequent passage of the GPR. The only result was a fragment of shrapnel, probably from a World War II bomb; this area was heavily bombed during WWII due to the presence of the railway [38].



Figure 6, Figure 7 and Figure 8 illustrate the 30–40 m Y-oriented grid in the SE–NW direction, at different depth slices from 0.2 m to 1.5 m, and their corresponding radargrams. In particular, at a depth of about 0.2 m, we noticed the presence of an anomaly along the baseline, parallel to the partial remains of the wall. This anomaly, considering its shallowness, geometry, and orientation, could be related to the wall in question—perhaps a northward extension of a related harbor building or storeroom (Figure 6). It is interesting to note how, at a depth of 1 m, there were perpendicular and linear anomalies that suggest buried wall structures. These anomalies are orientated towards the railway tracks in the western half of the map (Figure 7). Moreover, they correspond to the parch marks on the surface previously illustrated in Figure 5.



Finally, at a depth of 1.5 m, we noticed a geometric anomaly circumscribed in the western area (Figure 8). Figure 9 shows the pseudo-3D reconstruction of the anomalies identified at a depth of about 1 m, highlighting their course and very particular geometry, probably anthropic in nature.




3.2.2. Malvicino


In this area, the GPR was concentrated on collecting information about the subsoil between the various modern structures (i.e., the farm, tower, and pigsty) and the possible containment wall/cistern positioned in front of the pigsty.



Figure 10 illustrates the two largest grids (in the E–W and S–N directions, respectively) and two smaller grids around the tower and on top of the basement (in the W–E and S–N directions, respectively), all of them at two different depth slices (0.3 m and 0.6 m), and their corresponding radargrams. These maps show evident subsurface anomalies. Some of them seem to be related to modern structures, such as modern foundations; others look elongated and are probably related to modern pipelines. However, there is nothing in the GPR data to suggest a connection with previous ancient buildings or to explain the presence of ancient decorative elements and the containment wall/cistern.





3.3. Photogrammetry


3.3.1. San Valentino


The photogrammetric work performed in this area involved the collection of a series of photographs of the wall from different angles and their photogrammetric reconstructions to generate a 3D mesh from the point clouds. The result is shown in Figure 11a, which depicts mesh filtering with photo-consistency and the 3D restitution of the wall. This allowed for the accurate reconstruction and quick documentation of the wall to be included in the final database, as legally requested by the Soprintendenza and the Italian Central Institute of Archaeology (Istituto Centrale per l’Archeologia—ICA).




3.3.2. Malvicino


A similar photogrammetric survey was also carried out in this area. However, at this site, the structure of the pigsty’s interior (versus exterior) was processed to accurately document the reuse of ancient blocks and various other elements. Figure 11b shows the result of the 3D reconstruction, with two large reused blocks in the lower-right corner. They appear to still be in situ (i.e., these blocks have not been moved from their original structural positions).






4. Discussion and Conclusions


Due to the two main above-mentioned aims of this project, academically speaking, the Giove countryside is an ideal area in which to explain and perform different RS methods for students. Based on this RS survey, it is possible to attempt a preliminary contextual interpretation of the documented evidence. It is likely that the San Valentino site was a port along the Tiber river, consistent with similar sites to the north and south, and also consistent with the previously mentioned sources. The evidence described above, in addition to the anomalies found by the GPR, could refer to a settlement, dating back from between the Republican and Imperial periods, which, at least in Roman times, in addition to having residential characteristics, was likely connected to a river harbor. The existence of the harbor was also suggested by its proximity to a production site, suggested by the visible ceramic material, intended to supply goods to Roman markets via the Tiber river [27]. The area was occupied, perhaps without interruption, until the early Middle Ages, during which time a religious building was constructed, and whose above-described stone elements, chronologically located between the 9th and 10th centuries, document either the original construction phase or a later renovation [28].



With regard to the Malvicino site, however, the investigations did not lead to substantial hypotheses. The presence of reused ancient materials in the modern structures of the farm and pigsty (e.g., tiles and amphora fragments) did not particularly match any of the geophysical results. The in situ presence of the two large corner blocks, which were subsequently used to build the modern pigsty, and also highlighted by photogrammetry, may suggest the presence of a small structure, perhaps a small hilltop temple, due to both its orientation and the use of monumental rectilinear stones, along an ancient Roman route from northern Lazio to central Italian towns like Amelia [20]. Furthermore, it was not possible to clearly resolve the issue of the structure visible to the south of the pigsty. There seems to be no geophysical evidence to support the theory of the cistern. Finally, the opus caementicium platform, upon which the modern electrical tower stands, was found to have been extensively remodeled and further destroyed in modern times due to the creation of pipelines.



Although not completely conclusive, this academic research project, carried out by The American University of Rome, the Municipality of Giove, and Soprintendenza Archeologia, Belle Arti e Paesaggio dellʼUmbria, has made it possible to contribute significant elements to the study of the archaeological landscape of the Tiber valley, an area of passage and intense cultural and social dynamism. This preliminary study provides a robust base upon which to proceed with further and more focused archaeological investigations in the area, with a possible dig in the near future (Figure 12).
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Figure 1. The general location of the two sites (above) and their detailed locations (below). 
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Figure 2. (a) The remains of the south-facing ancient wall lining the olive grove. (b) A detailed view of the coursing. 
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Figure 3. The site of Malvicino, including modern constructions. (a) The pigsty with probable ancient masonry blocks still in situ (circled in black) and the remains of the retaining wall or partially preserved cistern (indicated by the black arrow). (b) The electrical tower standing on top of a platform that is partially constructed of opus caementicium. (c) Ancient Roman fragments reused to decorate the walls of the modern farmhouse. 
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Figure 4. Drone-borne imagery. (a) The wall and the olive grove (San Valentino). (b) The parch marks on which the grass is less green (San Valentino). (c) The opus caementicium foundation of the electrical tower can be seen (Malvicino). (d) The retaining wall/cistern in front of the pigsty (Malvicino). (e) On the right side, the dispersion of the ancient sherds can be seen, which are particularly visible due to the reddish color of the superficial soil (San Valentino). 
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Figure 5. The visible parch marks with grass that is a paler green due to possible buried manmade structures. 
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Figure 6. The ground-penetrating radar (GPR) map at 0.2 m depth, in which the anomaly parallel to the visible wall can be seen. Above is the radargram collected along the white arrow, with a red rectangle indicating the relative depth of the map. 
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Figure 7. The GPR map at 1 m depth, in which several perpendicular and linear anomalies, probably due to manmade walls, are visible. Note that there are parch marks on the surface that correspond to these anomalies. Above is the radargram collected along the white arrow, with a red rectangle indicating the relative depth of the map. 
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Figure 8. The GPR map at 1.5 m depth, in which a circular anomaly concentrated along the side of the railway tracks is visible. Above is the radargram collected along the white arrow, with a red rectangle indicating the relative depth of the map. 
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Figure 9. The pseudo-3D reconstruction of the anomalies identified by the linked map (bottom right) at a depth of up to 1 m. 
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Figure 10. (a) The GPR map at a depth of 0.3 m. (b) The GPR map at a depth of 0.6 m. The anomalies potentially related to the modern structures are visible. Below are the radargrams collected along the white arrows, with red rectangles due to the relative depth of the map. 
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Figure 11. (a) The two 3D reconstructions based on the photogrammetry of the ancient wall in San Valentino. (b) An internal view of the pigsty with the two in situ masonry blocks on the bottom right. 
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Figure 12. The academic team involved (above) and the research advertisement (below). 
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