The role of earthquakes, landslides and climate changes on the abandonment of the Roman Carsulae site (Tevere basin- Central Italy).
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Abstract

A detailed archaeoseismological and geoarchaeological study performed in the archeological site of Caursulae, located at the base of Martani Mts, indicates that at least one earthquake occurred in the middle of the third century AD. Evidence of this earthquake comes from an inscription found near the investigated.  This event which is not reported in the seismic catalogue did not cause any  damage at the site.

This study, despite provides a new data on seismic history of Umbria region,  shows that the archaeological site of was not abruptly abandoned because of  earthquakes or landslides triggered by earthquakes, but it suffered a slow abandon induced by a progressive impoverishment of the groundwater table with consequent reduction of water supplying to the whole town. 
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1. Introduction

The archaeological site of Carsulae site suffered a slow abandonment from the beginning of 4th century AD that was matter of debate between scholars and no clear information on the natural or anthropogenic cause has been reported. According to historians the cause of site abandon was due to the construction of a new tract of Flaminia road around the 4th century AD. Excavations of the Roman site revealed evidence of damage and collapse of masonry structures, which have been related to catastrophic  earthquakes (Ciotti, 1976; Bruschetti, 1995). Bonini et al. (2003) examined the morpho-tectonic and structural characteristics of Martana Fault by recognizing offset and deformation on ancient ruins due to seismic faulting. The authors hypothesized two seismic events as the most likely cause of Carsulae abandonment. A more recent study suggests, among the other causes of decline and desertion of the ancient town, the occurrence of large landslides probably triggered by seismic events (Aringoli et al., 2009). In order to shed light on the cause of desertion at Carsulae a multidisciplinary investigation (archaeological, geological, hydrogeological and seismological) was carried out, which focused on the Roman ruins that cover the period between the 3rd century BC and the 4th century AD. The archaeoseismological and geoarchaeological investigations carried out at Carsulae, located at the base of Martani Mts, show that the site that was not deserted because of earthquakes or landslides, but it suffered a slow abandonment probably due to the reduction of ground water table and the following decrease in water supply at the site. A critical review of the previously published data is here provided, which takes into account among the other causes (earthquakes, landslides and geopolitical context) also the climatic changes.

2. Geological and geomorphological data of the archaeological area

The archaeological site of Carsulae rises on a wide travertine deposit, at the bottom of the Martani Ridge at about 440 m a.s.l., north of the Terni tectonic (Tevere Basin; Fig.2). The Ridge, N-S oriented, is made up of Mesozoic and Cenozoic limestone and it extends to the west of the Terni basin. It forms an important and wealthy hydrographic basin that feeds many springs along the piedmont area; the most important one is the San Gemini spring, which is placed near the ancient Roman town of Carsulae, well-known since ancient times. 

The western slope of the Martani Mts is characterized by a normal and transtensive fault system that bounds the eastern margin of Tevere basin with cumulative displacements up to 1000 m. This large basin, formed as a result of the extensional tectonic phase that affected the Apennines in the Pliocene (about 5 Ma), was filled by early Pliocene-early Pleistocene fluvial and lacustrine sediments and, on top, phytothermal and phytoclastic travertine levels outcrop (early Pleistocene- late Pleistocene; Basilici, 1997; Cattuto et al., 2002). These sediments are covered by debris and sometimes by Holocene alluvial fan deposits. 

The Pliocene-Pleistocene bedrock is generally characterized by four different units. The first three basal units are formed by lacustrine clays and silty clays of Pliocene age and Pleistocene sediments (silty clays, sands, gravel sands, silts and peaty silts); the fourth unit, consists of travertine layers deposited in marsh and spring environment. Travertine is heteropic with pebbly sand units of low-middle Pleistocene and its thickness decreases towards the SE margin of the Tevere basin (Aringoli et al., 2009 and reference therein). 

Recent geognostic borings performed near the archaeological area by Sangemini spa, at the base of the western slope of the Monti Martani,  indicate the presence of limestone upslope of the site, whereas downslope travertine deposits outcrop (Fig. 3a). The first core, located south east of the site (CIELI5), shows (from top) a stratigraphic sequence of colluvium, silty-clay materials with polygenic breccias that rest on layers of limestone compact and then fractured, where large cavities are present. The other cores (T9, SG5 and SG3), located to the north and to the south of the site, show a stratigraphic succession of colluvium, changing to silty clay and sand, compact and lithoid travertine, granular travertine with peaty clay levels. 

The schematic stratigraphic column upslope of the archaeological site of Carsulae (Fig.4)  shows the transition from calcareous soils to a valley bottom made up of clays and sands where the Martana fault lowers the travertine in the portion of the roof (hanging wall). The latter is covered by alluvial and colluvial deposits of Holocene age. 

From the hydrogeological point of view the contact between the filling deposits of the basin, generally impermeable, and huge aquifer made up of calcareous rock favored the formation of springs near the site. Martana fault forces the aquifer to emerge due to an overlying permeability threshold that gives rise to an alignment of springs, some of  them have been identified between the travertine and the impermeable fluvial-lacustrine deposits (see figure below). Besides, ground water circulation favoured the development of karst processes responsible for the formation of a large number of dolines and depressions. These landforms are well developed on travertine deposits (Fig. 2a).
The geological surveys and interpretation of aerial photographs of the site show  different dolines on the western slope of Martani Mts, some of which have been identified in the archaeological site. These landforms present different shape and dimension. Of them, the largest one has been found under the Roman theatre and amphitheatre, a smaller one is located north of the decumanus which collapsing caused the deformation and the sliding of the Consular road while the latest one is placed south of the big cistern between the baths and the annexed tank (Figs. 2b)

The superficial erosion on the western slope of Martani Mounts has produced a wide alluvial fan along the piedmont (foothill) area, which is constituted by coarse debris. The building-up of this material at the valley bottom produced the filling of doline confirming the high activity of slope process (Fig.5a). 

3. Historical seismicity 

Although many studies on the seismic history of Italy and the Mediterranean area have been published (Guidoboni et al., 1994; Guidoboni et al., 2007), historical information concerning central Appennines (Lazio, Umbria and Marche) earthquakes is unsatisfactory. Indeed, Classical, Christian, Arab and Medieval literatures report very few data for the central Appennines area: for the period before 1000 AD, it was affected only by six earthquakes scarcely known (Fig.6, Tab.1).

According to the Italian seismic catalogue CPTI11 (Rovida et al., 2011), the Central Apennines area is characterized by high seismic activity. The Central Appenines seismogenic sources are located between 60 and 130 km from Roma, and produced the strongest felt intensity in the last century (I0 VII-VIII MCS; Rovida et al., 2011). In particular, the Fucino and Aquila sources, which are located along NW-SE oriented faults, produced high magnitude events (M 7) with hypocentral depth between 10 and 15 km. The Umbria region, however, has been frequently hit by earthquakes with moderate magnitudes M ~ 6 (1599, 1730, 1979). Two strongest earthquakes have occurred in 1328 (I0 X MCS, M 6.3; Monachesi, 1987) and 1703 (I0 X MCS M = 6.7; Guidoboni et al., 2007).

4. Historical and Archaeological data 

The Roman site of Carsulae was built in the third century BC along the Consular Flaminia road.The importance of the site, also testified by different historical sources (Strabo, Pliny the Younger and Tacit), is related to its strategic geographic position along the Flaminia road. The area is characterized by local healthy waters and fertile soil.

The military importance of Carsulae and its strategic location allowed an easy connection among Roma and the Umbria region and the Adriatic coast. Its position at the base of Martani Mts favoured also the development of the town under the Romans (3rd century BC -4th century AD). In the first period (3rd century BC to 1st century AD) the town was transformed into a municipium, it quickly expanded and had a prosperous development for its healthy waters and fertile soil; under the Emperor of Augustus (27 BC-14AD) the Consular Flaminia Road was restored. In the second period (1st-4th AD), Carsulae flourished  as attested by the epigraphs. The gradual abandonment of the site started in the fourth century AD in conjunction with the decline of the western track of the Consular Flaminia road that was gradually replaced with the eastern one (Angelelli, 1998). Its abandon is coincident with the lack of epigraphic sources (Morigi, 1999).

Since 16th century archaeological excavations carried out on the site brought light several buildings erected along the Consular Flaminia road (Fig. 2b). It extends through the whole length of the city and it crossed in correspondence of Roman Forum the decumanus maximum, a road built in an E-W direction. The eastern tract of the decumanus gave the access to the amphitheatre and the Roman theatre. In the site five tanks have been yet identified by archaeologists, some of them are very large. These were used to pipe the collected water from superficial springs to the site through a system of tubules or a canal system dug into the rock, in order to get the maximum exploitation from the water resource.
During the investigations we focused on the two different buildings: (1) the decumanus which appears largely deformed in the last tract near to a collapsed doline, and (2) the largest tank upslope of the site. 
4.1 Archaeological evidence of destruction. 

The archaeological site of Carsulae was found completely covered by a thick layer of colluvium (Fig.2). The most frequent type of damage documented by previous authors refers to decumanus (Ciotti, 1976; Bonini, 2003), which is an E-W oriented road, orthogonal to Consula Flaminia road, that displays a sharp deviation correspondence of a collapsed doline. This latest tract appears largely deformed of about 1.8 m (Fig. 8). During the ‘70s excavation Ciotti (1976) recognizes a few collapsed structures in the subsided terrain and attributes a seismic collapse to the observed buildings. Following the doline collape, the road was restored using a similar flooring that looks younger that the rest of the decumanus. A 20 cm high scarp separates these two tracts of road (the oldest and the collapsed ones) and it can be tentatively attributed to differential soil compaction due to different techniques of flooring or restoration. 

Remains of the largest tank are still visible upslope of the theatre. This tank, partially buried, is completely ruined, only a few pillars are still standing. It was the catchment area for the ancient town (Fig. 7a,b). In situ surveys show that the local springs potentially correlated to the water collecting system are dry at the moment. 
Among the uncovered archaeological data, it is worth nothing a Latin inscription acknowledging the reconstruction of a spelaeum (cavity) collapsed after an earthquake.  The inscription was found at Montoro, about 18 km south-west of Carsulae (Ciotti, 1978). This data clearly documents an earthquake that struck Montoro between AD 211-217 and shortly before AD 250 (Petraccia Lucernoni, 1996; Fig.9). This seismic event is not reported in the Italian seismic catalogue and historical sources do not report any information. 

4.2 Arguments for an earthquake
By studying the doline collapse, the sliding of decumanus and the fallen blocks of some buildings some archaeologists and historians invoked an earthquake as the main cause of abandonment. According to Ciotti (1976) and Bruschetti (1995) the  seismic event  occurred when the city was in decline for the loss of importance of the Consular Flaminia road, and this would also explain the Carsulae decline and its marginalization in the road system of Central Italy.  Bonini et al. (2003), in agreement with the previous studies, suggest that the decumanus deformation and the decline of the Roman site should be related to two earthquakes. Following these authors, the first event occurred within the first century AD (Roman Imperial period) shortly after the construction of decumanus because for its reconstruction were used similar paving stones. This hypothesis could be in agreement with the dating of the restoration of the Consular Flaminia road occurred during the reign of Augustus between 27 BC and 14 AD, although there is no mention that the decumanus was restored at that time. The second event that led to the collapse of the doline was caused by the activation of a trascurrent fault that would have displaced the decumanus with an offset of about 1.8 m and a scarp of 20 cm high.  In situ surveys do not show neither evidence of transcurrent fault nor evidence of buildings collapse attributed to the earthquakes hypothesized by Bonini et al (2003). In addition, the Holocene deposits at Carsulae are not affected by earthquake induced structures (fractures, scarps, etc.).
The second event would take place between 500 and 600 AD (Bruschetti, 1995 and reference there in). Procopius Caesarensis reports that during the Byzantine Goths war at Todi c.548 AD destructive earthquakes occurred in Greece, Boezia and the countries around Criseo Gulf. These localities are too far from Umbria and the above mentioned earthquakes cannot be taken into account. 
4.3 Arguments for a landslide 

Among the natural causes, mass movements (debris flow and rock fall) and karst morphologies were taken into account in the Aringoli et al. (2009)’s study. Debris flow are generally induced by water inside the detrital mass or surficial runoffs. This landform has  been recognized in the site through aerial photographs preceding the archaeological excavation that show the amphitheatre and the theatre below a thick layer of colluvium (Fig. 2). In addition, huge blocks of limestone have been found at the base of the south-western slope of Martani Ridge (Aringoli et al., 2009). The authors document karst morphologies (direct and indirect landforms) in the archaeological site. The indirect ones are constituted by  travertine, marsh and spring environment, whereas the direct ones are formed by doline that represent important elements of geomorphologic hazard. 

The hypothesis of site abandonment due to landslide as well as seismic event could be explained if traces of a sudden abandonment had been found in the archaeological excavations. In such a case archaeologists would have to find wall debris mixed with blocks or debris of landslide body or debris buried by landslide accumulation, in addition to  daily-use materials and, potentially, also the skeletons of people/animals trapped by the buildings collapse. On the contrary, the available data indicate a slow abandon began in the fourth century AD and continued for two centuries at least. In agreement with Aringoli et al. (2009), after the site abandonment (probably after the 7th century AD) one or more mass movements occurred in the site burying the ancient buildings. Therefore, mass-movements cannot explain the long term (about two centuries) decline of Carsulae.

4.4 Data on climate changes 

The abandonment of the archaeological site of Carsulae can be related to a cyclical climate change occurred in central Italy in the last 10,000 years.  Since the 6th century BC alternating periods of enhanced and diminished flood frequency occurred that closely correspond short-term climatic changes and parallel changes in channel and flood plain stability. Studies on river, lake and glacier changes provide information on the rate and scale of climatic variation. Giraudi (1998) has reported evidence of Fucino lake level variations (Abruzzo, central Italy) from geological, archaeological and historical data. The data on climate changes have been obtained from studies on the Calderone Glacier variations and the periglacial processes, dating the alluvial sediments of the Apennines highest peaks, taking into account the oscillations of some lakes level (Fucino, Mezzano and Accesa) and studying the evolution of the Tevere river delta. These data indicate that lakes level changes were caused by a change in the hydrological balance resulting from climate change (Giraudi 2004, 2007; Magni et al. 2007).  Among the cold wet periods, the period after the fourteenth century and prior to the twentieth century (the so-called Little Ice Age) is that one has left important traces in the mountain landscape, but also in the Tevere delta and on the shores of the studied lakes. Among the most important warm-dry periods of the second half of the Holocene it is worth nothing  those occurred between the 3th -4th century AD, the 6th -7th century AD and between the 10th  and 14th  century AD.

5. Discussion 
The basic aim of this study was to identify the abandonment cause of the site, which has been previously attributed either to anthropogenic or natural causes. Historical source attributed the progressive decline and desertion of Carsulae mainly to the construction of a new track of the Flaminia Road while more recent studies focused on natural disaster (earthquake and landslide) as the most likely explanation for site abandonment (Ciotti, 1976; Bruschetti, 1995; Bonini et al. 2003; Aringoli et al., 2009). 
As result, the collected data lead us to exclude the seismic event as main cause of abandonment of the archaeological site although several earthquakes (I0> VII MCS) occurred in Central Italy between 99 BC and 484 or 508 AD but none of these activated the Martana Fault and /or caused the abandonment of the site in this span of time. Therefore, the earthquake occurred in Montoro (~ 18 km from Carsulae) between 211-217 and 250 AD could be related to the doline collapse located near the decumanus. Although the collapse of underground cavities was checked in different surveys carried out after earthquakes (Youd, 1978; Rodriguez-Pascua et al., 2011), it seems unlikely that the seismic activity was the main cause of site desertion started in 4th century  AD. 
A more consistent hypothesis for the abandonment of the archaeological site is the reduction of ground water table and the following decrease in water supply. The decrease of water table could have caused by a climate change. In fact, a warm period as that recorded in the second half of the Holocene may have caused a decrease of ground water level with a significant variation in the water flow. The first warm period documented by Giradi (2007) between the 3rdand the 4th century AD seems to coincide with the beginning of decline phase, the climate change could have caused a reduction in the spring flow with a consequent decrease of pressure. Therefore, the persistence of this condition may have caused the depletion of the spring/s. The spring located upwards of the theatre could have fed the largest tank (Fig. 9 b), that was the catchment area for the ancient town, until it dried up. 
In summary, the strategic position of Carsulae along the Consular Flaminia road, the abundance of water and the presence of travertine used for buildings construction were the most important elements for the development of the ancient town. Excluding the natural factors such as earthquake and/or landslides (no traces of a sudden abandonment had been found in the archaeological site),  it  should be taken into account the water reduction as the most likely cause of decline and abandonment of the site. The doline collapse of the near the decumanus could have been induced by a decrease of ground water table in the Mesozoic limestone and consequent depressurization of the surficial aquifer. In Roman time the altitude of the ground water level was almost superficial for the water collection while it is now about 60 m below the surface (personal communication dr. Diomedi - Sangemini spa). This, together with the climate change and with geopolitical context (construction of the new track of the Consular Flaminia road in conjunction with the decline of the site, and the decentralization of the rule) had a negative impact on Carsulae’ inhabitants forcing them to abandon the site.

Conclusions
A result of our archaeoseismological investigations is that the site of Carsulae was probably affected by Montoro earthquake around middle of the 3rd century AD, for which no evidence of seismic collapse has been observed. Despite the inscription found at Montoro acknowledging the collapse of a cavity after an earthquake, the collected data bring us to exclude a seismic destruction at Carsulae as a main cause of desertion. Most of the buildings are preserved up to 3 m, and the lack of daily-use materials indicates that the abandon of the site was not due to a catastrophic event but it was a long lasting event. Experience at other sites shows that archaeological literature is full of reports of destructions and repairs of buildings or of abandonment of sites that were assigned to earthquakes, only in a small number of cases can the evidence of destruction be related to seismic events. In the Carsulae case, the fallen blocks of some buildings mentioned by Ciotti (1976) could be attributed to the doline collapse to a looting phase occurred during the long last decline before the abandonment (probably after the 7th century). 
The common evidence documented by different authors is that the doline collapse produced the deformation and the sliding of the decumanus. Such a collapse could be attributed either to lowering of the ground water table in the Mesozoic limestones and consequent consumption of the aquifer or to the Montoro earthquake or both. These hypotheses could be confirmed by future palaeoseismological surveys clarifying the unsolved point of this research. 
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Captions

Figure 1 Geological sketch of the study area (Aringoli et al., 2009): 1 – Holocene deposits, 2 – volcanic rocks (Pleistocene- Holocene); 3 – filling deposits of Tevere basin ( Pliocene-pleistocene); 4 – calcareous- marly and marly arenaceuos- politic turbidities (messinian); 5 – calcareous rocks (Lias-Oligocene); 6 – main tectonic elements.

Figure 2 (a) Geomorphologic map of the Martani Mts  b) zoom of the archaeological site showing the Consular Flaminia road, the decumanus.

Figure 3 (a) Aerial picture of the investigated area with the location of the 4 cores obtained from Sangemini spa, the red box indicates the location of the archaeological site, (b) zoom of the archaeological site showing the amphitheatre, the theatre, the decumanus and the forum area.

Figure 4 Schematic stratigraphic column of Quaternary deposits along the eastern Tevere basin (modified after Bonini et al., 2003).

Figure 5 (a) Aerial photo of Carsulae before the excavation (Angelelli, 1998). The monuments are almost completely covered by debris flow deposit. (b) Aerial photo of the Carsulae site (Agea image, 2008), after the 1950 and 1970 excavations, showing some buildings partially uncovered.  

Figure 6 Map of the strongest seismic events occurred in Central Italy between the 1st century BC and the 9th century AD.

Figure 7 (a) Detail of the largest tank partially buried found upslope of the theatre; (b) Local spring found next to the largest tank. 

Figure 8 (a) Picture of the eastern tract of the deformed decumanus showing the sliding of road due to the doline collapse; (b) picture of the collapsed doline near the deformed decumanus

Figure 9 Inscription acknowledging the reconstruction of the a spelaeum collapsed after an earthquakes (Ciotti, 1978).

Table1 Strongest earthquakes in Central Italy from the 1st century BC to 9th century AD.
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