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Abstract. — The modern Tiber delta includes two river mouths flowing into the Tyrrhenian sea,
the Fiumara to the South and the Fiumicino to the North. While the Fiumara is a natural
channel, the Fiumicino is a canal that was initially excavated during the Roman period. Two
major Roman archaeological sites are associated to these two watercourses: Ostia, founded
between the 4t and the 3™ c. BCE, built at the mouth of the Fiumara; and Portus, founded in
the 1%t c. CE, built with a series of canals including the Fiumicino (Fossa Traiana) three
kilometres north of Ostia. In this paper we shall explore strategies used by the Romans on
these two sites to manage river mouth environments, characterised by high fluvial
sedimentation inputs and rapid fluvio-coastal mobility. We will observe possible urban
adjustments to natural constraints at Ostia, and demonstrate how Portus was from inception
designed to reduce fluvial sedimentation in the harbour basins and to lower lateral mobility
of the canals, building on the experience from Ostia. Finally, we will propose the existence of
an integrated system of management for the watercourses at Portus and Ostia in the Imperial
period.

Keywords: geoarchaeology, watercourse management, Roman canals, Roman harbours, Ostia
and Portus, Tiber delta.

Figure 1. — Site location — Two archaeological sites at the mouth of the River Tiber during the
Roman period

Figure 2. — Map of the orientation of the structure/features in Ostia and Portus

Figure 3. — Diagram of the orientation of the archaeological structures/features in Ostia and
Portus

Figure 4. — Fluvial mobility and harbour construction along the River Tiber — Synthesis of
chronostratigraphical data

Figure 5. — From the canals to the harbours of Portus — Synthesis of chronostratigraphical data
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Figure 6. — River mouth management in the port-city of Ostia and the artificial harbour
complex of Portus

INTRODUCTION

Located at the mouth of the River Tiber (Figure 1), Ostia and Portus were essential for
the economic and transport connectivity of Rome, linking the city with the Mediterranean Sea.
Ostia was initially a fortified colonial settlement built on the left bank of the river mouth of
the River Tiber, and eventually became a significant port-city over time (Calza et al. 1953; Zevi
2002; Heinzelmann 2021). By contrast, Portus was built ex novo with the aim of creating an
Imperial harbour installation (Lugli and Filibeck 1935; Keay et al. 2005; Keay 2012). Both
provided harbour facilities for ships to load and unload different kinds of goods. Both,
however, faced significant environmental risks and constraints. River mouths are
geomorphologically unstable environments. Riverbanks and coastlines can be modified by
single events (floods/storms) and on a seasonal basis. This is particularly true during high
frequency changes and exceptional events (Noli et al. 1996; Bencivenga et al. 2000). Generally,
coastal risks during the Roman period are expressed in terms of coastline mobility (Vella et al.
2000; Briickner 2019), storms (Sabatier et al. 2010, 2012) or tsunamis (Luque et al. 2002; Dey
and Goodman-Tchernov 2010). Studies considering fluvial risks during the Roman period focus
mainly on flood intensity and frequency, their extent (Le Gall 1953; Berger et al. 2003; Ollive
et al. 2006; Arnaud-Fassetta 2008; Arnaud-Fassetta et al. 2009), and adjustment to water
levels (Bravard et al. 1990; Allinne 2007, 2015; Leveau 2017). Many studies focus on the 1%t c.
BCE — 2" ¢. CE, when a hydro-sedimentary crisis can be observed (Cherkauer 1976; Bravard et
al. 1992; Brown and Ellis 1995; Arnaud-Fassetta and Landuré 2003; Ollive et al. 2006; Berger
and Bravard 2012). The construction of Portus has also been studied in relation to this specific
palaeoclimatic context (Salomon 2013), also called the Roman Climate Optimum (Harper and
McCormick 2018; Strutt 2019). By contrast, fewer studies have considered the consequence
of fluvial lateral mobility on Roman cities (Bravard and Presteau 1995; Franc and Vérot-
Bourrély 2015; Salomon et al. 2018).

Ostia and Portus offer an interesting case study for observing structural adjustments
to fluvio-coastal dynamics. In this paper, we propose a hypothesis that the port-city of Ostia
and the port complex at Portus formed an integrated water management system in the delta
of the Tiber, developed over time to combat specific environmental challenges. The first
source of evidence that we draw on are the physical remains of structures and archaeological
features at Ostia and Portus concentrating on their planning and orientation. We
contextualize this evidence with data from geoarchaeological cores collected from the study
area, discussing the sedimentological (sediment deposition-erosion) and geomorphological
(lateral mobility* aspects of the Tiber channels, canals, and sedimentation/erosion of the river
mouth bars) issues related to the Tiber in Ostia and the canals of Portus. Hydrological

! Lateral mobility of a channel or a canal is a specialist term relating to a displacement of the riverbanks in a
planimetric view.
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constraints (e.g. floods) will not be directly discussed in this paper, but they remain of primary
importance during the Roman period (Le Gall 1953; Salomon 2013).

MATERIAL AND METHODS

Two sets of data are considered in this paper. First, the urban fabric of Ostia and Portus
will be analysed and compared, seeking tangible evidence of incorporation of harbour
infrastructure and river water management into the planning of the sites. A synthesis of the
geoarchaeological cores drilled in the palaeochannels and harbour of Ostia is then presented
and compared to the cores drilled in the canals of Portus, allowing us to assess this evidence
and elaborate on the interactions between the Tiber, the canals, the harbours and the layout
of Ostia and Portus.

Urban fabric

The urban morphology of Ostia reveals an existence of districts within the city (Fluvial,
Coastal, River mouth) and possible adjustments of the urban fabric to the mobility of the
riverbanks has already been observed (Salomon et al. 2018). In this paper, we apply the same
type of GIS analysis of the orientation of the archaeological features to Portus, while using the
existing case study of Ostia as a comparandum aimed at comparing and contrasting the
observed patterns (Figure 2 and 3).

The shapefile of Ostia has been drawn based on excavated archaeological structures
(roads, walls, etc.). By contrast, Portus has not been extensively and continuously excavated.
The dataset from Portus is based on the map from Keay et al. (2005). It represents a mix of
visible excavated archaeological structures (Lanciani 1868; Lugli and Filibeck 1935; Testaguzza
1970; Paroli 2004; Keay et al. 2005) and archaeological features identified from geophysical
survey (Keay et al. 2005). Archaeological features are interpretations of magnetic anomalies
and may or may not be actual archaeological structures from the Roman period. However, the
quality of the magnetic signal from archaeological structures in and around Portus is of
particularly good quality (Keay et al. 2005, 2020). The interpretations from 2005 were also
largely confirmed by later excavations conducted by the University of Southampton in the
area of the Palazzo Imperiale between the Claudian and Trajanic basins (particularly the extent
and the orientation of the main buildings) (Keay et al. 2011, in press).

The GIS database includes the shapefiles for Ostia and Portus in the coordinate system
WGS 84 / UTM 33N (EPSG: 32633). Transverse Mercator projection is conformal since it
preserves angles. The preservation of the angles is essential for the analysis. Orientations of
archaeological structures and features were calculated in the QGIS software within the range
0° to 179°. In order to compare Ostia and Portus, classes of orientations were defined every
10° and assigned different colour values. The maps containing orientation analysis of the two
sites are presented in Figure 2. Figure 3 presents the orientation of the structures and features
to a degree. We can observe that the dataset of Ostia (96915 lines distributed according to
the Y-axis on the right) is more detailed than the one available for Portus (3594 lines
distributed according to the Y-axis on the left). The dataset from Portus will in future be made
more complete by research currently being conducted by the Parco Archeologico di Ostia
Antica, the University of Southampton (Keay et al. 2011, in press), the Ecole Francaise de Rome

3
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(Bukowiecki and Panzieri 2013; Bukowiecki et al. 2018), and the Universidad Huelva (Bermejo
et al. 2018), but the overall orientation of the main features of the site will not change.

Geoarchaeological cores

For the last 20 years, much geoarchaeological fieldwork involving sedimentary drillings
has been conducted at Ostia (Goiran et al. 2014; Hadler et al. 2015; Salomon et al. 2018) and
Portus (Arnoldus-Huyzendveld 2005; Bellotti et al. 2009; Giraudi et al. 2009; Goiran et al.
2010). These cores were studied using a large range of palaeoenvironmental analyses (e.g.
Pollens: Sadori et al. 2010, Pepe et al. 2016; Ostracods: Mazzini et al. 2011; Geochemistry:
Delile et al. 2014; Foraminifers: Bella et al. 2011, Hadler et al. 2015).

In this paper, we use a selection of cores drilled in the fluvial environments around
Ostia and in the canals around Portus (Figure 1). For Ostia we chose two cores drilled in the
palaeomeander, immediately upstream of the Porta Romana (Cores MO-3 and MO-1 from
Salomon et al. 2017), and two cores drilled downstream of the city near the river mouth, and
in the fluvial harbour of Ostia next to the Palazzo Imperiale (Core PO-2 from Goiran et al. 2014;
Core ISF-1 from Salomon et al. 2018). For Portus, we chose, on the one side, cores drilled in
the Canale Romano (Core CN-1 from Salomon et al. 2014), the Canale Traverso (Core CT-1
from Salomon et al. 2012), and the harbour pool of Portus (TR-14 from Goiran et al. 2010 and
Delile et al. 2014), and on the other side, cores drilled in the Portus to Ostia Canal (Cores CPO-
2 and 3 from Salomon et al. 2020). These cores will provide evidence of the lateral stability or
mobility of the palaeochannels/canals, but also the hydrodynamic conditions during their
periods of activities and their periods of abandonment.

Only a few of the palaeoenvironmental analyses are reported in Figures 4 (Ostia) and
5 (Portus). For the aims of this paper we focus on the stratigraphic logs, a short description of
the facies, the texture (coarse fraction >2 mm; 2 mm > sand > 63 um ; and silts and clays < 63
um), and the radiocarbon dates recalibrated according to Reimer et al. (2020). These essential
data provide chronostratigraphical evidence and a basic proxy of the hydrodynamic conditions
during the deposition of the sediments.

RESULTS OF THE GIS AND PALAEOENVIRONMENTAL ANALYSES
Orientations of archaeological structures and features at Ostia and Portus

Ostia is generally considered to have grown organically from a fortified early
settlement (Castrum) built between the 4™ and the 3™ c. BCE (Zevi 2002). Initially, the Castrum
was built not far from the left riverbank of the Tiber (Constans 1926; Salomon et al. 2018). The
last section of the via Ostiensis coming from Rome towards the sea corresponds to the
decumanus of the Castrum that the city was built around. Interestingly, the decumanus
displays slightly different orientations within Ostia (Sclavi et al. 2016). The alignment of the
eastern and western gates of the Castrum probably best represent the initial orientation of
the decumanus (Calza et al. 1953), while the sections of the decumanus leading to Porta
Romana could have been modified through time in response to urban dynamics along the
street. Sclavi et al. (2016), put the orientation azimuth of the decumanus within the Castrum
at 58.14° (238.14°) and the section of the decumanus the closest to Porta Romana at 60.48°
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(240.48°), measured on the ground with a professional GPS (averaging 100 measures per point
with + 0.5° uncertainty). According to georeferenced maps we collected, the orientation of
the Castrum from the eastern to the western gate measures 61°+1° (241°+1°). A large part of
the urban fabric of Ostia that grew out of the Castrum conforms to the orientations of the
decumanus and the cardo; e.g. the orientation of streets within the Fluvial district ranges
between 61° and 63°. The coastal and river mouth areas do not follow the same pattern and
might follow other features, such as the Via Laurentina, Via della Foce, Via del Mare, and
possibly palaeocoastlines and palaeoriverbanks.

At Portus, the main excavated sections of Claudian moles are oriented at 62° + 1°
(242°+ 1°) (Figure 2). Similar orientations are recorded in the area of the Darsena. Trajan’s
architects used this orientation for sides Il and V of the new hexagonal basin. Following
geometric rules, sides Ill and VI are at 32° + 1° (112°+ 1°) and sides | and IV are at 92° + 1°
(272°+ 1°). The eastern part of the Canale Romano (upstream) is aligned with the structures
located east of Portus (the via Portuensis and the aqueduct). Upstream, the canal is oriented
at 77° £ 1° and downstream it conforms to the side Ill of the hexagonal basin. The northern
canal is out of the main grid of planned features of Portus with 104° + 1° on the left riverbank
and 106° + 1° on the right riverbank. The actual orientation of the Fossa Traiana — Fiumicino
is difficult to characterise due to small curves in its outline. It was probably related to the
orientation of the side IV of the hexagon. The Canale Traverso conforms to the Claudian
orientations. The left riverbank of the Portus to Ostia canal is a straight line oriented at 152°/
332° + 1°, while interestingly, the right riverbank is irregular and its orientation cannot be
measured.

Evidence of fluvial lateral mobility at Ostia and Portus

The two cross-sections of cores selected for Ostia demonstrate fluvial lateral mobility
during the Roman period (Figure 4). All cores are characterised at their base (Units A) by yellow
layered sands corresponding to shoreface deposits from the 1%t part of the 15 millennium BCE
(Unit A in Core PO-2) or before (Salomon 2020).

Coarse sands and small pebbles are the bedload-derived facies of the deltaic Tiber
(Salomon et al. 2017). They are observed in most of the stratigraphy of Core MO-3 and
correspond to the point bar deposits of the palaeochannel of Ostia. Similar point bar
successions are observed in Core TEV-4A (Hadler et al. 2020). Core MO-1 demonstrates a
decrease of the grain-size from Units B and C (composed of coarse sands and pebbles) to Unit
D (composed of sand) and Unit E (composed of silts and clays). This decrease in grain-size is a
typical stratigraphic succession from a cut-off palaeochannel. Similar stratigraphies of cut-off
palaeochannels are also observed in Cores TEV-1, TEV-3A, possibly TEV-2 in the neck of the
Fiume Morto (Hadler et al. 2020), and possibly below the cardo of Ostia (Core CAT-3 in
Salomon et al. 2018).

At the mouth of the Tiber, Units B, C, and D, from Core ISF-1, contain many layers of
different grain-size and facies, from silts and clays to coarse sands. Quick-changing
depositional conditions characterise river mouth environments affected by both fluvial and
coastal processes. The sedimentation in Core ISF-1 could be related to a migration of the river
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mouth channel to the south or a contraction of the channel width. The two hypotheses relate
to riverbank mobility. On the left side of the Tiber, a harbour was excavated between the 4"
and the 2" c. BCE (Goiran et al. 2014). The harbour muds are sealed by coarse fluvial deposits
with sediments presenting a bedload-derived facies (Goiran et al. 2014; Delile and Salomon
2020). A large part of the fluvial harbour was filled up in the 1t c. CE (Goiran et al. 2014).

Interestingly, all evidence of riverbank mobility in the palaeomeander of Ostia
(Salomon et al. 2017; Hadler et al. 2020), north of the Castrum (Salomon et al. 2018), or at the
river mouth (Goiran et al. 2014; Salomon et al. 2018) is dated to the 1%t c. CE at the latest. Most
of the evidence of fluvial lateral mobility dates to the second part of the 15t millennium BCE,
during the Republican period of Ostia. Morphogenetic activities of the river started again
much later in the 10™ — 13t ¢. CE (Hadler et al. 2015; Delile and Salomon 2020) and after 1557
CE.

The sedimentary cores drilled in the canals around Portus reveal different types of
stratigraphical successions (Figure 5). Three canals will be presented: the Canale Romano, the
Canale Traverso, and the Portus to Ostia Canal. The first cross-section shows the Canale
Traverso leading to Fiumicino (Fossa Traiana), and then the Canale Traverso and the Portus
pool between the harbours of Claudius and Trajan. Similar to the area of Ostia, all cores reach
a Unit A composed of yellow layered sand corresponding to shoreface deposits. These
deposits date back to the first part of the 15t millennium BCE or earlier (Giraudi 2004; Bellotti
et al. 2007; Salomon 2020).

Core CN-1 from the Canale Romano reveals the typical stratigraphy of a cut-off channel
(Salomon et al. 2014). Units B and C are composed of medium-to-coarse sands, suggesting
bedload-derived facies. A sharp limit marks the change from the coarse deposits in Unit C to
the fine deposits in Unit D characteristic of sediment deposited after a cut-off. Finally, the
canal is covered by fine floodplain deposits (Unit E). No core is available yet from the Fiumicino
(Fossa Traiana) since the canal is still in activity.

Core CT-1drilled in the Canale Traverso has more in common with a protected harbour
stratigraphy (Core TR-14) than that of a fluvial canal (Core CN-1). No bedload-derived facies
are observed at the bottom of the canal. Muds from Unit B were found directly lying on
shoreface sands (Unit A). Coarse material is observed in Unit D relating to the second phase
of use of the canal. The sedimentation in the canal was likely controlled by dredging (Salomon
et al. 2012) and possibly also by a sluice-gate (Testaguzza 1970; Lisé-Pronovost et al. 2019).

No lateral mobility is observed in the magnetometer survey around Portus for the
Canale Romano and the Canale Traverso (Keay et al. 2005). However, along the two canals
high local magnetic fields are observed (Keay et al. 2005). These certainly indicate structures
along the canals rather than lateral mobility. The two canals were probably articulated by built
riverbanks or quays similar to the Fiumicino - Fossa Traiana (Testaguzza 1970).
Palaeoenvironmental analyses of the cores from the Northern Canal are currently in process
of being studied. Magnetometer survey revealed no lateral mobility of the canal, nor any
features that could be associated with a built riverbank.
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The lower part of Figure 5 shows a cross section of the Portus to Ostia Canal. The two
cores CPO-2 and 3 can be compared to the cores from the palaeomeander of Ostia (MO-1 and
MO-3). Core CPO-3 shows bedload-derived facies up to the Roman sea level in units B and C,
similar to point bar deposits. However, Core CPO-2 demonstrates first a Unit B composed of
coarse sands and gravels and then fine deposits (Unit C). These two stratigraphic successions
led us to consider a lateral mobility of the Portus to Ostia canal (Salomon et al. 2020). In the
area of the cross section, magnetometry revealed lateral mobility, but no features relating to
built riverbanks.

DISCUSSION

Ostia, a port-city affected by rapid fluvial sediment deposition and lateral mobility of the
river channel

The Castrum at Ostia was originally built in the 4t — 3 ¢, BCE to control access to the Tiber
channel from the sea (Vaglieri 1911; Calza et al. 1953). By the end of the Republican period,
Ostia’s close association with the river (Heinzelmann and Martin 2002; Goiran et al. 2014) and
the coastlines (Strabo V, 3, 5) was shaping the urban fabric through harbour interfaces and
their mobility (Salomon et al. 2018), turning Ostia into a port-city (Zevi 2001, 2002). Along the
shore, possible harbour structures were built between the end of the 1%t ¢. BCE/1% c. CE and
the beginning of the 3™ c. CE (Raddi and Pellegrino 2011). Little is, however, known about the
coastal interface management for earlier periods.

With the urbanisation of the two sides of the river (Germoni et al. 2018; Keay et al. 2020), the
harbour within Ostia took a linear form along the banks of the Tiber. Along the left bank of the
Tiber, one or several small harbours indented the riverbanks. Geoarchaeological evidence
confirmed the existence of one of these small harbours at the mouth of the Tiber (Goiran et
al. 2014). Meanwhile, a thick layer of fine deposits observed north of the Castrum could
suggest the existence of similar harbour deposits (Core CAT-3 Unit C in Salomon et al. 2018);
the molo repubblicano in the palaeomeander of Ostia could also be interpreted as a harbour
structure (Pannuzi et al. 2021).

The linear harbour of Ostia indented by small basins was clearly exposed to fluvial and
coastal risks. The main problem reported by ancient authors is related to the Tiber access for
maritime ships due to the formation of river mouth bars. This frequent problem was notably
reported in 205—204 BCE (Livy, Ab Urbe Condita, 29.14.11; Ovid, Fasti 4.291-304), and at the
end of the 15t c. BCE-beginning of the 1c. CE (Dionysius of Halicarnassus, Antiquitates Romanae
3. 44; Strabo 5.3.5). Though these bars appear to have formed regularly at the river mouth,
such unsteady morphologies are not easy to identity using sedimentary cores.

The channel of the Tiber conveyed water and sediment through the city of Ostia.
Consequently, small harbour basins along the river were exposed to quick sedimentation.
Unfortunately, the estimation of the sedimentation rate in the harbour at the river mouth is
particularly difficult to ascertain. The calibrations of the radiocarbon dates performed in the
harbour muds (Core PO-2, Unit B in Figure 4) offer dates ranging from the 4t to the 2" c. BCE
(Goiran et al. 2014). During this first phase, the harbour was maybe prone to quick fine
sedimentation, but coarse material derived from the bedload did not reach the harbour.

7
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However, during the second phase, the harbour was sealed by 2.5m of coarse material
deposited during flood events (Core PO-2, Unit C - Goiran et al. 2014; Delile and Salomon
2020). Additionally, the regular modification of the profile of the river channel at the entrance
to the harbour might have affected access (Goiran et al. 2017).

Regarding the river channel itself, fluvial mobility possibly eroded infrastructure, like the
via Ostiensis to the north-east of Ostia (Bertacchi 1960; Arnoldus-Huyzendveld and Paroli
1995; Salomon et al. 2017), or moved the riverbanks away from the city, such as those north
of the Castrum (Constans 1926; Salomon et al. 2018).

Portus, a harbour complex planned to reduce river mouth risks

Portus is the result of two main phases of planning. Founded during the reign of the
emperor Claudius (mid 1%t c. CE), it was reorganised at the beginning of the 2" c. CE by the
emperor Trajan (Lugli and Filibeck 1935; Keay et al. 2005). Due to this Trajanic intervention
some of the details of the initial Claudian plan are not fully known. Other phases of
construction have also been identified, notably during the reigns of Nero and Hadrian, but
these interventions did not significantly affect the plan established by their predecessors
(Keay et al. 2005).

While Ostia may be understood as a port city, we suggest that Portus ought to be
considered as a harbour complex. In terms of planning, while there is a fort at the centre of
Ostia, Portus is organised around its harbour basins. No residential occupation has been
attested at the site (Keay et al. 2020, p. 159), and it is only at the beginning of the fourth
century CE that Portus became an urban settlement with municipal status (cf. CIL XIV 4449,
dated to CE 337-345 or 334-341 (Keay et al. 2005).

The configuration of Portus suggests that the harbour system was conceived to reduce the
fluvial inputs in the harbour basins (Figure 1 and 6). The harbour basins and the Tiber channel
were not directly connected by waterways (Salomon et al. 2012; Salomon 2013). The Northern
canal and the Fiumicino (Fossa Traiana) are connected upstream to the Tiber with outlets in
the sea north and south of Portus. The canal mouth bars would thus form away from Portus
and the harbour basins. In between these two channels, the Canale Romano is also connected
upstream to the Tiber, and instead of flowing straight, with the attendant risk of flowing into
a harbour basin, the canal curves towards the south, follows one side of the hexagonal basin
of Trajan, and empties into the Fiumicino (Fossa Traiana). The Canale Romano was thus a
harbour canal (Salomon et al. 2014) only indirectly connected to the Trajanic harbour via the
side Il of the Hexagonal basin, possibly to facilitate transhipment.

Nevertheless, connections existed between the fluvial waterways and the harbour basins.
The northern entrance to the Claudian basin (Goiran et al. 2011) and the Canale Traverso
(Salomon et al. 2012; Lisé-Pronovost et al. 2019) are indirectly connected to the Tiber through
the Northern canal and the Fiumicino (Fossa Traiana) respectively (Figure 1). This layout
reveals a complex flow and sediment routing management planned by Roman engineers.
Additionally, the Northern entrance to the Claudian basin and the Canale Traverso could have
contributed to reduce sediment deposition in the harbour. Models demonstrate that stronger
currents induced by winds in the north-eastern channel and the Canale Traverso could have

8
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reduced rapid sediment infilling in the harbour basin system (Millet et al. 2014). In this
context, these stronger currents in the north-eastern channel could have possibly removed
sediments deposited at the mouth of the Northern canal. In addition, sluice gates were
possibly built in the narrow Canale Traverso to better control sediment inputs in the harbours
during river floods by blocking both water and sediment discharge towards the harbour basins
(Lisé-Pronovost et al. 2019).

Roman engineers working in Portus had to deal with fluvial inputs in the harbour basin,
but also with riverbank mobility prevention. It should be noted that fluvial erosion affects
natural channels as much as canals. Lateral canal mobility is observed on images produced by
the magnetometer survey of the Portus to Ostia Canal (Keay and Paroli 2011; Keay et al. 2020)
and has been confirmed by sedimentary drillings (Figure 5, lower part) (Salomon et al. 2020).
The Canale Romano, the Fiumicino (Fossa Traiana), and the Canale Traverso, however, show
evidence of built riverbanks. Archaeological evidence revealed riverbanks along the Fiumicino,
at least along the reach south of Portus, and the northern part of the Canale Traverso
(Testaguzza 1970). Results from geophysical survey identified high magnetic features along
the Canale Romano and the Canale Traverso suggesting built riverbanks and no lateral
mobility in the canals. Surprisingly, magnetic surveys revealed no riverbanks and no lateral
mobility for the Northern canal. Analyses in progress on cores drilled in the Northern canal
will probably shed new light on this feature. A clear pattern emerges: the closer the canal to
Portus, the better channelised it was. The channelisation of the canals next to Portus and their
shorter width (<50m) compared to the Tiber channel (> 100m) would have made them easier
to maintain by dredging.

The study of the canal system of Portus thus reveals engineering solutions to
sedimentological, geomorphological, and possibly hydrological constraints first faced at Ostia.

From Ostia to the Ostia-Portus system

Portus was clearly not conceived independently from Ostia (Keay 2012), and the two
sites present an integrated system of complementary units.

In this respect, it is interesting to observe the matching orientation of the original
structures at the two sites: the Castrum at Ostia and the Claudian structures at Portus.
Alignments of the mentioned structures (marked in blue on Figure 2) follow the original axis
of the Castrum at Ostia (decumanus = 62°/ 238° + 6° and cardo = 152° / 332° + 6° - Le Gall
1975; Sclavi et al. 2016; Sparavigna 2017). Ostia’s original orthogonal grid orientation of c.
238° is solar and corresponds to the Winter Solstice Sunset at the time of the town’s
foundation (Sclavi et al. 2016). Solar orientation was not uncommon among Roman colonies
in Italy or in towns founded across the Roman Empire (Magli 2008, though note that the
orientation value for Ostia used in Table 1 is off by 10°), and though Roman town foundation
ritual incorporated a symbolic dimension, in practice the laying out of the new town grid was
predominantly governed by local topography (Gonzdlez-Garcia and Magli 2015; Orfilia Pons et
al. 2017). At Ostia, local factors included the positions of the coastline and the riverbanks,
limitations imposed by the salt lagoon of Stagno di Ostia, the prevailing winds, and any pre-
existing land division and road infrastructure.
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Winds have been given particular consideration in Vitruvius, the only surviving Roman
architecture treatise that deals explicitly with city foundation. The Castrum of Ostia conforms
fully to the advice given (Vitruvius, De Architectura, 1.6.8): the predominant NE and SE winds
would indeed break upon the walls of the fortress, as recommended (cf. Figure 1). The
Castrum thus positioned was also aligned with the riverbank (Figure 2), the continued
importance of which is reflected in the orientation of the Fluvial district, which although
representing a later organic growth of the town still respects the first alignment. At Portus,
harbour engineers repeated the same alignment, matching that of Ostia, time and time again
—in the original layout of Claudius, the enlargement of Trajan, and the large warehouse block
added in the Severan period. Bearing in mind that land division on the Isola Sacra is most
probably late 1°t century CE in date (Keay et al. 2020: 151), and there is no evidence yet for
any land division on either the Isola Sacra or at Portus predating the construction of the
Claudian Harbour, it is clear that the orientation of structures and features at Portus was not
dictated by a pre-existing land grid, but that it was either copied from Ostia or decided upon
based on the same environmental considerations.

Wind and water swell direction would have been even more important in designing a
harbour environment than a town, and the orientation that offered protection from the
prevailing winds must have been seen as advantageous. Preliminary modelling does in fact
suggest that the alignment and height of the structures surrounding the Trajanic basin was
effective in protecting it from wind, and the same is most likely the case for the Darsena (Keay
et al. 2021a, pp. 390-391). Unfortunately, we cannot tell how successfully the harbour design
combatted the destructive force of water swells, as we currently cannot reconstruct the
position of the original Portus harbour entrance with absolute certainty.

While some canals display orientation independent of either Portus or Ostia (the upstream
reach of the Canale Romano, the Northern Canal), most likely for hydrological reasons, other
elements of the canal network align with the Trajanic layout of Portus (the downstream reach
of the Canale Romano follows side Il of the Trajanic hexagonal basin, Canale Traverso that of
the district of the Darsena). The Portus to Ostia canal, on the other hand, seems to conform
to the original orientation of Ostia and later of Portus (the left/eastern bank not affected by
lateral erosion). This alignment of the navigable link between Ostia and Portus adds to the
evidence of the existence of a general plan regulating the River Tiber mouths in the Imperial
period.

Lateral mobility of the Tiber in Ostia seems to stop between the end of the 1%t c. BCE and the
beginning of the 3™ c. CE (Salomon et al. 2017, 2018). It restarts in the 10"-13% c. CE at least
with fluvial coarse deposits observed in the river mouth harbour of Ostia (Hadler et al. 2015;
Delile and Salomon 2020). Several hypotheses can be proposed to explain the end of the
lateral mobility of the Tiber in Ostia during the Imperial period and for a millennium. Climatic
variations could have reduced the intensity and the frequency of the Tiber floods during this
period; palaeoclimatic data, however, do not confirm this hypothesis for the long period under
consideration (e.g. hydroclimatic crisis in the 8% c. CE - Le Gall 1953; Berger and Bravard 2012;
McCormick et al. 2012 - is yet to be observed in the sediments of Ostia). Alternatively, the
creation of large canals at Portus would have locally diverted large amounts of water and the
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flow competence of the river could have been largely reduced at Ostia, notably limiting the
lateral erosion. It should be noted that while all the dates related to the coarse fluvial deposits
at Ostia indicate periods before the 1%t c. CE (Goiran et al. 2014; Hadler et al. 2015, 2020;
Salomon et al. 2017, 2018; Vo6tt et al. 2020; Delile and Salomon 2020), the radiocarbon dates
from the canals of Portus fit in a timespan ranging from the middle of the 1t to the 7t c. CE.
It is also possible that some of the solutions applied to the canals of Portus would have also
been adopted for the natural channel of the Tiber at Ostia, with built riverbanks facilitating its
channelization. In this case, Portus was not the sole solution to the problems at Ostia, but
Ostia itself also adapted against fluvial hazards.

Additional studies would be necessary to reconstruct precisely the mobility of the
downstream reach of the Tiber and the management of the riverbanks of Ostia between the
Republican and the Imperial period. The long history of Ostia would offer the possibility of
detailing the temporal trajectory and the different phases of fluvial management during the
Roman period.
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CONCLUSION

The main hazards recorded by ancient texts for the port-city of Ostia were the large amount
of sediment deposited at the river mouth affecting the harbour and the presence of river
mouth bars constraining the access to large maritime ships. Geoarchaeological sedimentary
drillings confirmed the important sedimentation at the river mouth (Goiran et al. 2014;
Salomon et al. 2018, 2020) and revealed the importance of the lateral mobility of the Tiber in
Ostia (Salomon et al. 2017, 2018). This study demonstrates how a city like Ostia tried to
manage dynamic river mouth environments through time, and how the Imperial harbour
facility at Portus was planned from its foundation with these problems in mind (Figure 6).

Fluvial mobility. During the Republican period, Ostia was founded along the natural channel
of the Tiber. The city expanded and eventually urbanised the two banks of river mouth
(Germoni et al. 2018; Keay et al. 2020). During the Republican period, the river moved laterally
and Ostia adjusted to these changes by rebuilding riverine infrastructures (Salomon et al.
2017, 2018). A few kilometres to the north, in the middle of the 1t c. CE, the maritime harbour
at Portus was conceived away from the Tiber and its direct erosion. Nevertheless, canals had
to be excavated to connect Portus to the Tiber and allow direct transhipment via the river to
Rome. Built riverbanks were used in the canals close to Portus in order to limit their lateral
mobility (Fiumicino — Fossa Traiana, Canale Romano, Canale Traverso and possibly some parts
of the Portus to Ostia canal). These riverbanks are currently known via geophysical survey
alone (Keay et al. 2005, 2020).

Water and sediment routing. In Ostia, the Tiber flowed through the city with a high sediment
discharge during floods. Consequently, the harbours excavated along the Tiber were more
prone to be filled by sediments. In Portus, the canal system dispatched the main water and
sediment discharges of the Tiber to the south and north of Portus. Additionally, the connection
between the river flow and the harbour basins was indirect (e.g. a secondary connection via
channels/canals, transhipping between the Trajanic harbour and the Canale Romano). While
the river channel and the harbours are joint or closely interconnected in Ostia, the river system
(including canals) and the harbour basins are separated at Portus (Figure 6).

Finally, the corresponding orientation of archaeological structures observed at Ostia, the
harbour of Claudius and Trajan, and the Portus to Ostia canal that aimed at reducing the
adverse impact of wind and likely also waves, further supports the existence of a common
planning logic. The management of sediment and water discharge was, furthermore,
conceived in considering the possibility of navigation between the different harbour units of
Ostia and Portus (the Tiber channel, canals, harbour basins of Ostia and Portus), indicating the
existence of a single integrated water management and harbour system.

Acknowledgments

We gratefully acknowledge the financial and logistical support of the Ecole Frangaise de Rome
and the British School at Rome, as well as the financial support from ANR-Poltevere (ANR-11-
JSH3-0002). The research leading to these results has also received funding from the European

12



457
458
459
460

Research Council under the European Union's Seventh Framework Programme (FP7/2007-
2013/ERC grant agreement n°® 339123). The project also leading to this publication has
received funding from Excellence Initiative of Aix-Marseille Université - A*MIDEX, a French
“Investissements d’Avenir” programme, AMX-18-MED-018.

13


https://www-sciencedirect-com.scd-rproxy.u-strasbg.fr/science/article/pii/S0012825217300521#gts0005

461

462
463

464
465

466

467
468
469

470
471
472

473
474
475

476
477

478
479
480

481
482
483

484
485

486
487

488
489
490

491
492
493
494

495
496

497
498

BIBLIOGRAPHY

Allinne C (2007) Les villes romaines face aux inondations. La place des données archéologiques dans
I’étude des risques fluviaux. GEomorphologie: relief, processus, environnement 67-84

Allinne C (2015) La place des sources archéologiques dans la construction de modéles de gestion des
risques naturels dans I’'Empire Romain: I'exemple du risque d’inondation. RIPARIA 1 (

Arnaud-Fassetta G (2008) La géoarchéologie fluviale. EchoGéo

Arnaud-Fassetta G, Astrade L, Bardou E, et al (2009) Fluvial geomorphology and flood-risk
management. Géomorphologie : relief, processus, environnement 109-128.
https://doi.org/10.4000/geomorphologie.7554

Arnaud-Fassetta G, Landuré C (2003) Hydroclimatic hazards, vulnerability of societies and fluvial risk
in the Rhone Delta (Mediterranean France) from the Greek period to the Early Middle Ages. E
Fouache (ed), "The Mediterranean World Environment and History Elsevier, Paris 51-76

Arnoldus-Huyzendveld A (2005) The natural environment of the Agro Portuense. In: Portus : An
Archaeological Survey Of The Portus Of Imperial Rome. British School at Rome, London, pp
14-30

Arnoldus-Huyzendveld A, Paroli L (1995) Alcune considerazioni sullo sviluppo storico dell’ansa dell
Tevere presso Ostia e sul porto-canale. Archeologia Laziale 12:383-392

Bella LD, Bellotti P, Frezza V, et al (2011) Benthic foraminiferal assemblages of the imperial harbor of
Claudius (Rome): Further paleoenvironmental and geoarcheological evidences. The Holocene
21:1245-1259. https://doi.org/10.1177/0959683611405239

Bellotti P, Calderoni G, Carboni MG, et al (2007) Late Quaternary landscape evolution of the Tiber
River delta plain (Central Italy): new evidence from pollen data, biostratigraphy and 14C
dating. Zeitschrift fir Geomorphologie 51:505-534

Bellotti P, Mattei M, Tortora P, Valeri P (2009) Geoarchaeological investigations in the area of the
imperial harbours of Rome. Méditerranée 112:51-58

Bencivenga M, Calenda G, Mancini CP (2000) Piene storiche del Tevere a Roma. Proceedings of
Geoben 200 235-241

Berger J-F, Bravard J-P (2012) Le développement économique romain face a la crise
environnementale : le cas de la Gaule narbonnaise. In: in Berger J.-F. (coord.), Des climats et
des hommes. Coédition La Découverte-Inrap

Berger J-F, Fiches J-L, Gazenbeek M (2003) Origin of fluvial fluctuations of the River Vidourle and their
effect on the organisation ans evolution of the site of Ambrussum (Hérault, Fr.) between the
Iron Age and lat Antiquity. E Fouache (éd), The Mediterranean World Environment and
History Elsevier 77-108

Bermejo J, Campos JM, Sebastiani R, et al (2018) Il molo est-ovest a Portus. Un’analisi preliminare
dalla archeologia della archittetura. In: Atti del V seminario Ostiense. Ostia

Bertacchi L (1960) Elementi per una revisione della topografia ostiense. Rendiconti della Accademia
Nazionale dei Lincei 8:8-33

14



499
500
501
502
503

504
505
506

507
508
509

510
511
512

513
514
515

516
517
518

519
520

521
522

523
524

525

526
527
528

529
530
531

532
533

534
535

536
537

Bravard J-P, Le Bot-Helly A, Helly B, Savay-Guerraz H (1990) Le site de Vienne (38), Saint-Romain-en-
Gal (69) et Sainte-Colombe (69): I’évolution de la plaine alluviale du Rhéne de I'dge du Fer a
la fin de I’Antiquité, proposition d’interprétation. Actes des Xe Rencontres Internationales
d’Archéologie et d’Histoire d’Antibes (19-21 octobre 1989), Archéologie et espaces Editions
ADPCA, Juan-les-Pins 437-452

Bravard J-P, Presteau M (1995) Dynamique du paysage : entretiens de géoarchéologie. In: Ministere
de la Culture, Direction Régionale des Affaires Culturelles, Service Régional de I’Archéologie.
DARA. Documents d’Archéologie en Rhone-Alpes, Lyon, p 282

Bravard J-P, Vérot-Bourrely A, Salvador P-G (1992) Le climat d’apres les informations fournies par les
enregistrements sédimentaires fluviatiles étudiés sur des sites archéologiques. Les Nouvelles
de I’Archéologie 50:7-13

Brown AG, Ellis C (1995) People, climate and alluviation: theory, research design and new
sedimentological and stratigraphic data from Etruria. Papers of the British School at Rome
45-73

Briickner H (2019) Rapid Delta Growth in Historical Times at Ephesus and Miletus—The Examples of
the Kiiclik and the Biylik Menderes Rivers. In: Kuzucuoglu C, Ciner A, Kazanci N (eds)
Landscapes and Landforms of Turkey. Springer International Publishing, Cham, pp 293-306

Bukowiecki E, Fabro R, Mimmo M (2018) Portus. Le mdle nord-sud — Premiére campagne de fouilles.
Chronique des activités archéologiques de I’Ecole francaise de Rome.
https://doi.org/10.4000/cefr.2154

Bukowiecki E, Panzieri C (2013) Portus. Chronique des activités archéologiques de I’Ecole francaise de
Rome. https://doi.org/10.4000/cefr.935

Calza G, Becatti G, Gismondi |, et al (1953) Scavi di Ostia, Topografia generale. Libreria dello Stato,
Roma

Cherkauer D (1976) The stratigraphy and chronology of the River Treia alluvial deposits. In: Potter
T.W., “A Faliscan Town in South Etruria.” The British School at Rome, pp 106—-126

Constans LA (1926) Ostie primitive. Journal des Savants 10:436-447

Delile H, Mazzini |, Blichert-Toft J, et al (2014) Geochemical investigation of a sediment core from the
Trajan basin at Portus, the harbor of ancient Rome. Quaternary Science Reviews 87:34—45.
https://doi.org/10.1016/j.quascirev.2014.01.002

Delile H, Salomon F (2020) Palaeotsunami deposits at the Tiber River mouth (Ostia Antica, Italy): Do
they really exist? Earth-Science Reviews 103268.
https://doi.org/10.1016/j.earscirev.2020.103268

Dey H, Goodman-Tchernov B (2010) Tsunamis and the port of Caesarea Maritima over the longue
durée: a geoarchaeological perspective. ] Roman Archaeol 23:265-284

Dionysius of Halicarnassus Antiquitates Romanae/Roman Antiquities: Bks. 3-4, v.2. Translated by E.
Cary 1939. Loeb Classical Library, Harvard University Press, Cambridge

Franc O, Vérot-Bourrély A (2015) Chapitre X. Trente ans d’études géomorphologiques au service de
I’archéologie préventive lyonnaise (France) : Méthodes et résultats d’une démarche géo-

15



538
539

540
541
542
543

544

545
546
547

548
549
550

551
552
553
554

555
556
557

558
559
560

561
562
563

564
565
566

567
568
569

570
571

572
573

574
575

archéologique. In: Arnaud-Fassetta G, Carcaud N (eds) La géoarchéologie frangaise au xxie
siecle. CNRS Editions, Paris, pp 149-158

Germoni P, Keay S, Millett M, Strutt K (2018) Ostia beyond the Tiber : recent archaeological
discoveries in the Isola Sacra. In: Cébeillac-Gervasoni M, Laubry N, Zevi F (eds) Ricerche su
Ostia e il suo territorio : Atti del Terzo Seminario Ostiense (Roma, Ecole frangaise de Rome,
21-22 ottobre 2015). Publications de I'Ecole francaise de Rome, Rome

Giraudi C (2004) Evoluzione tardo-olocenica del delta del Tevere. Il Quaternario 17:477-492

Giraudi C, Tata C, Paroli L (2009) Late Holocene evolution of Tiber river delta and geoarchaeology of
Claudius and Trajan Harbor, Rome. Geoarchaeology 24:371-382.
https://doi.org/10.1002/gea.20270

Goiran J-P, Salomon F, Mazzini |, et al (2014) Geoarchaeology confirms location of the ancient
harbour basin of Ostia (ltaly). Journal of Archaeological Science 41:389-398.
https://doi.org/10.1016/].jas.2013.08.019

Goiran J-P, Salomon F, Tronchére H, et al (2011) Caracteristiques sedimentaires du bassin portuaire
de Claude: nouvelles donnees pour la localisation des ouvertures. In: Keay S, Paroli L (eds)
Portus and its Hinterland: Recent Archaeological Research. British School at Rome, London,
pp 31-45

Goiran J-P, Salomon F, Vittori C, et al (2017) High chrono-stratigraphical resolution of the harbour
sequence of Ostia: palaeo-depth of the basin, ship drought and dredging. In: Fluvial
Landscapes in the Roman World. Portsmouth, Rhode Island, pp 68—84

Goiran J-P, Tronchére H, Salomon F, et al (2010) Palaeoenvironmental reconstruction of the ancient
harbors of Rome: Claudius and Trajan’s marine harbors on the Tiber delta. Quaternary
International 216:3—13. https://doi.org/10.1016/j.quaint.2009.10.030

Gonzalez-Garcia AC, Magli G (2015) Roman city planning and spatial organization. In: Ruggles CLN
(ed) Handbook of Archaeoastronomy and Ethnoastronomy: Building bridges Between
Cultures. Cambridge University Press, Cambridge, pp 374-381

Hadler H, Fischer P, Obrocki L, et al (2020) River channel evolution and tsunami impacts recorded in
local sedimentary archives — the ‘Fiume Morto’ at Ostia Antica (Tiber River, Italy).
Sedimentology 67:1309-1343. https://doi.org/10.1111/sed.12599

Hadler H, Vott A, Fischer P, et al (2015) Temple-complex post-dates tsunami deposits found in the
ancient harbour basin of Ostia (Rome, Italy). Journal of Archaeological Science 61:78-89.

https://doi.org/10.1016/j.jas.2015.05.002

Harper K, McCormick M (2018) Reconstructing the Roman climate. In: The Science of Roman History.
Princeton University Press, pp 11-52

Heinzelmann M (2021) Ostia I. Forma Urbis Ostiae: Untersuchungen Zur Entwicklung Der Hafenstadt
Roms Von Der Zeit Der Republik Bis Ins Friihe Mittelalter. Harrassowitz, Wiesbaden

Heinzelmann M, Martin A (2002) River port, navalia, and harbour temple at Ostia: new results of a
DAI-AAR Project. Journal of Roman Archaeology 15:5-29

16



576 Keay S (2012) The Port System of Imperial Rome. In: Keay S (ed) Portus and the Mediterranean.
577 British School at Rome, London, pp 33-67

578 Keay S, Campbell P, Crawford C, Moreno Escobar MC (2021a) Space, Accessibility and Movement at
579 the Portus Romae. In: Space, Movement and the Economy in Roman Cities in Italy and
580 beyond. Routledge, London & New York, pp 375-417

581 Keay S, Graeme E, Felici F (2011) Excavations and survey at the Palazzo Imperiale 2007—- 2009 .”
582 Pages 67 — 91 in Portus and Its Hinterland. In: Portus and its hinterland. The British School at
583 Rome, London

584 Keay S, Graeme E, Felici F (in press) Uncovering the Harbour Buildings: Excavations at Portus 2007—
585 2012 Volume I: The Surveys, Excavations and Architectural Reconstructions of the Palazzo
586 Imperiale and Adjacent Buildings. Cambridge University Press, London

587 Keay S, Millett M, Paroli L, Strutt K (2005) Portus : An Archaeological Survey Of The Portus Of Imperial
588 Rome. British School at Rome, London

589 Keay S, Millett M, Strutt K, Germoni DP (eds) (2020) The Isola Sacra Survey: Ostia, Portus and the port
590 system of Imperial Rome. McDonald Institute for Archaeological Research, Oakville

591 Keay S, Paroli L (2011) Portus and its Hinterland: Recent Archaeological Research. British School at
592 Rome, London

593 Lanciani R (1868) Ricerche topografiche sulla citta di Porto. Tipografia Tiberina, Rome
594 Le Gall J (1953) Le Tibre, fleuve de Rome dans I’antiquité. Presses Universitaires de France, Paris

595 Le Gall J (1975) Les Romains et I'orientation solaire. Mélanges de I’école frangaise de Rome 87:287—
596 320. https://doi.org/10.3406/mefr.1975.1012

597 Leveau P (2017) Environmental risk in the Lower Rhéne valley: high water levels and floods. Journal
598 of Roman Archaeology - Supplementary series 104:47—-67

599 Lisé-Pronovost A, Salomon F, Goiran J-P, et al (2019) Dredging and canal gate technologies in Portus,

600 the ancient harbour of Rome, reconstructed from event stratigraphy and multi-proxy
601 sediment analysis. Quaternary International 511:78-93.
602 https://doi.org/10.1016/j.quaint.2018.05.018

603 Livy Ab urbe condita/History of Rome: Bks. 28-30, v.8. Translated by F.G. Moore 1949. Loeb Classical
604 Library, Harvard University Press

605 Lugli G, Filibeck G (1935) Il porto di Roma imperiale e I'agro portuense. Officine dell’Istituto Italiano
606 d’Arti Grafiche

607 Luque L, Lario J, Civis J, et al (2002) Sedimentary record of a tsunami during Roman times, Bay of
608 Cadiz, Spain. Journal of Quaternary Science 17:623-631. https://doi.org/10.1002/jgs.711

609 Magli G (2008) On the orientation of Roman towns in Italy. Oxford Journal of Archaeology 27:63-71
610 Mazzini I, Faranda C, Giardini M, et al (2011) Late Holocene palaeoenvironmental evolution of the

611 Roman harbour of Portus, Italy. J Paleolimnol 46:243-256. https://doi.org/10.1007/s10933-
612 011-9536-7

17



613
614
615

616
617
618

619
620

621
622

623
624
625

626
627

628
629
630

631
632

633
634
635

636
637
638

639
640

641
642
643

644
645
646

647
648

649
650
651

McCormick M, Bilintgen U, Cane MA, et al (2012) Climate Change during and after the Roman Empire:
Reconstructing the Past from Scientific and Historical Evidence. Journal of Interdisciplinary
History 43:169-220. https://doi.org/10.1162/JINH_a_00379

Millet B, Tronchere H, Goiran J-P (2014) Hydrodynamic Modeling of the Roman Harbor of Portus in
the Tiber Delta: The Impact of the North-Eastern Channel on Current and Sediment
Dynamics. Geoarchaeology 29:357-370. https://doi.org/10.1002/gea.21485

Noli P, De Girolamo P, Sammarco P (1996) Parametri meteomarini e dinamica costiera. Universita “La
Sapienza” di Roma, Regione Lazio Assessorato opere e reti di servizi e mobilita

Ollive V, Petit C, Garcia JP, Reddé M (2006) Rhine flood deposits recorded in the Gallo-Roman site of
Oedenburg (Haut-Rhin, France). Quaternary international 150:28-40

Orfila Pons M, Chavez Alvarez ME, Sdnchez Lépez EH (2017) Fundaciones en época romana. De lo
intangible a lo tangible. ¢ Cuando, por qué, dénde, cdmo, simbologia? Saguntum: Papeles del
Laboratorio de Arqueologia de Valencia-Extra 267-278

Ovid Fasti. . Translated by James G. Frazer. Revised by G. P. Goold., 1931. MA: Harvard University
Press, Cambridge

Pannuzi S, Salomon F, Keay S, et al (2021) Ostia Antica, Localita Fiume Morto: Una Rilettura Della
Problematica Archeologica Alla Luce Delle Nuove Indagini Geofisiche E Geomorfologiche.
Mélanges de I'Ecole francaise de Rome Antiquité

Paroli L (2004) Il porto di Roma nella tarda antichita. In: Le strutture dei porti de degli apprdodi
antichi. Rubbettino Editore, pp 247-266

Pepe C, Sadori L, Andrieu-Ponel V, et al (2016) Late Holocene pollen record from Fiume Morto (Dead
River), a palaeomeander of Tiber River near Ancient Ostia (central Italy). J Paleolimnol
56:173-187. https://doi.org/10.1007/s10933-016-9903-5

Raddi M, Pellegrino A (2011) Indagini Archeologiche - Preliminari alla realizzazione del progetto del
nuovo “Ponte della Scafa” - Relazione tecnica. Soprintendenza Speciale per i Beni
Archeologici di Roma e Ostia, Rome

Reimer PJ, Austin WE, Bard E, et al (2020) The IntCal20 Northern Hemisphere radiocarbon age
calibration curve (0-55 cal kBP). Radiocarbon 62:725-757

Sabatier P, Dezileau L, Briqueu L, et al (2010) Clay minerals and geochemistry record from northwest
Mediterranean coastal lagoon sequence: Implications for paleostorm reconstruction.
Sedimentary Geology 228:205-217. https://doi.org/10.1016/j.sedgeo.2010.04.012

Sabatier P, Dezileau L, Colin C, et al (2012) 7000 years of paleostorm activity in the NW
Mediterranean Sea in response to Holocene climate events. Quaternary Research 77:1-11.
https://doi.org/10.1016/j.yqres.2011.09.002

Sadori L, Giardini M, Giraudi C, Mazzini | (2010) The plant landscape of the imperial harbour of Rome.
Journal of Archaeological Science 37:3294-3305

Salomon F (2013) Géoarchéologie du delta du Tibre : Evolution géomorphologique holocéne et

contraintes hydrosédimentaires dans le systéme Ostie - Portus. These de doctorat en
Géographie Physique / Géoarchéologie, Université Lyon 2

18



652
653

654
655
656

657
658
659

660
661
662

663
664
665

666
667
668

669
670

671
672

673
674

675
676

677

678

679
680
681

682
683

684
685

686
687

688

Salomon F (2020) Les origines d’Ostie : quelles interactions avec la dynamique d’embouchure ?
(Delta du Tibre, Italie). Archiméde Archéologie et histoire ancienne 7:129-140

Salomon F, Delile H, Goiran J-P, et al (2012) The Canale di Comunicazione Traverso in Portus: the
Roman sea harbour under river influence (Tiber delta, Italy). GEomorphologie : relief,
processus, environnement 75-90. https://doi.org/10.4000/geomorphologie.9754

Salomon F, Goiran J-P, Bravard J-P, et al (2014) A harbour—canal at Portus: a geoarchaeological
approach to the Canale Romano: Tiber delta, Italy. Water Hist 6:31-49.
https://doi.org/10.1007/s12685-014-0099-1

Salomon F, Goiran J-P, Noirot B, et al (2018) Geoarchaeology of the Roman port-city of Ostia: Fluvio-
coastal mobility, urban development and resilience. Earth-Science Reviews 177:265-283.
https://doi.org/10.1016/j.earscirev.2017.10.003

Salomon F, Goiran J-P, Pannuzi S, et al (2017) Long-Term Interactions between the Roman City of
Ostia and Its Paleomeander, Tiber Delta, Italy. Geoarchaeology 32:215-229.
https://doi.org/10.1002/gea.21589

Salomon F, Lebrun-Nesteroff L, Goiran J-P, et al (2020) The Portus to Ostia Canal. In: The Isola Sacra
Survey: Ostia, Portus and the port system of Imperial Rome. McDonald Institute for
Archaeological Research, Cambridge, pp 123-145

Sclavi S, Monaco M, Carnevale F, et al (2016) The orientation of the Mithraea in Ostia Antica.
https://doi.org/10.5281/zenodo.220945

Sparavigna AC (2017) The Hexagon of Portus Traiani and Its Link to the Solar Arc and the Ancient
Wind Rose. Social Science Research Network, Rochester, NY

Strabo Geography, Books 3-5, v.2. Translated by H. Leonard Jones, 1923. Loeb Classical Library,
Harvard University Press, Cambridge

Strutt K (2019) Settlement and land use in the Tiber Delta and its environs 3000 BC — AD 300. Phd,
University of Southampton

Testaguzza O (1970) Portus: illustrazione dei Porti di Claudio e Traiano. Julia Editrice, Rome
Vaglieri D (1911) Notizie di Scavi

Vella C, Provansal M, Bourcier M, Long L (2000) Contexte géomorphologique de trois ports antiques
provencaux : Fos, Les Laurons, Olbia. medit 94:39—-46.
https://doi.org/10.3406/medit.2000.3152

Vitruve, Howe TN, Dewar MJ (1999) Vitruvius: ten books on architecture. Cambridge University Press,
impr. 1999, New York, Etats-Unis d’Amérique

Vott A, Willershauser T, Hadler H, et al (2020) Geoarchaeological evidence of Ostia’s river harbour
operating until the fourth century AD. Archaeological and Anthropological Sciences 12:1-26

Zevi F (2002) Origini di Ostia. In: Bruun C., Zevi A.G. (ed), Ostia e Portus nelle loro relazioni con
Roma. Istitutum Romanum Finlandiae, Roma, pp 11-32

Zevi F (2001) Ostie sous la République. Georg éditeur, pp 10-18

19



689

20



ITALY

Tiber delta

@ Tyrrhenian
Sea
Y

—

Western entrance
to the Claudian basin

Tyrrhenian
Sea

~ Trajanic
N //(&/\\/ basin
PORTUS \ 7%4® -
7 \\\\ ;E/Ig ///(/;? /C%Mgfi/ /
: ot 0.~

<2 /
U
\To-zs,h

PTO-3
\\ \\ Portus to Ostia
e . \\\ O
A Y
0 AN \ \\\Canal
CC IR \ .
A . \ W, <
2 '~ IsolaSacra v 2
. N\ W<
s \ Q%
. A O &
. x A ©
S ",9 \ O
S L\ N \\{}(.
N \ W%
\ N\ W
\ \\\ (;)
\ \ W %
L] o \ \
Marine environments & \\
o . A \
during the Roman period .. \\\\\
| \\\
A\
\ ISF-1
A Y

Wind direction

S
Source: https://wisuki.com /Data :

Fiumicino

Fossa Traiana

2012-2021

~
~

[
[
I

= -

Swell direction

I

PO-Z\\

< Harbour
of Ostia

...
~

219
16.47

S

C

o

S

e

Navigable canals A

R . L
Canals with A

built riverbanks ‘é

[¢°)

222  Canals without A

Current channel
of the Tiber

Palaeolagoon
of Ostia
(19th.c.)

built riverbanks?
Cores
CN-T _ Cores presented in
this study

© Studyin process




1367000.000 1368000.000 1369000.000

OSTIA: An organic city

Isola Sacra

5125000.000

000°000SZLS

5124000.000

000°000FC LS

Data from Parco Archeologico di Ostia Antica / New data treatment in QGIS

1367000.000 1368000.000 1369000.000
1362000.000 1363000.000 1364000.000 1365000.000 1366000.000 1367000.000
= r I T
=
S “u
(=]
g PORTUS: A harbour complex J:
n 2 S
. (=]
(=]
= =
%
(=]
(=]
<
§ v
(o]
2 S
in 3
=
=
o
(=]
=2
<
S ; o
2 Claudian S
~ . =]
b basin 8
¥ (=]
efe e
oD ofshe featyre =
Fiumicino o o.
S ? Fossa Traiana O <
S S
w e .8
3
0 250 500 B0 )
m Sacra
o N
(=]
o
g
2| | Data from Keay et al.,, 2005 / New data treatment in QGIS
0o |
1 1362000.000 1363000.000 1364000.000 1365000.000 1366000.000 1367000.000

EPS5G: 32633 - WGS 84 - UTM zone 33N



PORTUS

Claudian harbour Claudian harbour
+

Hexagone Hexagone
sides Ill and VI sides llandV

=

Hexagone Hexagone H Canale Romano
sides | and IV sides Ill and VI exagone Hexagone

100

Canale Romano

sides Il and V district sides | and IV district

o
| — |
o

10

20

80

70

o
ION

O
I -
|
|
|
|

60

50

40

30

20

10

HHHHHHH HHHHHH

0O 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54 57 60 63 66 69 72 75 78 81 84 87 90 93 96 99 102 105 108 111 114 117 120 123 126 129 132 135 138 141 144 147 150 153 156 159 162 165 168 171 174 177 180

OSTIA

Data = vectors >2m

I Coastal district H Fluvial district —H— River mauth H Coastal district H Fluvial district —“— RW:i;:: izrth —!

district

1400

1200

1000

800

600

400

200

O 3 6 9 18 21 24 27 30 33 36 39 42 45 48 51 54 57 60 63 66 69 72 75 78 81 84 87 90 93 96 99 102 105 108 111 114 117 120 123 126 129 132 135 138 141 144 147 150 153 156 159 162 165 168 171 174 177 180

o

Data = vectors >2 m

(o]
(,§8 \,0 (O\
Decumanus

after Sclavietal., 2016



-10

-11

-12

Ancient sea level
3rd.-4th c CE

2110 £ 30 BP
339-46 BCE
2245 + 30 BP
391 - 203 BCE

MEANDERING TIBER CHANNEL IN OSTIA

PALAEOCHANNEL OF THE TIBER

>>> LATERAL MOBILITY
Core MO-3 (Salomon et al. 2017) Core MO-1
0% =0 100% 0% 50% 100%
. S
Floodplain Bedded grey
deposits and yellow
, Ancient sea level
NP . Sty-clay e Modern. 0 FOTR TSN SOOI (: Ao, { XA
780 = 30 BP — (Goiran et al 2009)
90-250 CE e
B silty clay
7 Coarse sanc
B6 [
3 ¢ .
2120 + 30 BP [, Medium
343 to 49 BCE -
4 to coarse sand
B5 Palaeochannel . :
5 infill Grey silty sand
g Point bar Coarse and MEANDER D2
S system MIGRATION
o _6 B4 -
S : Medium sand M ecgum
S 7 2230+30BP | o Sanas
kS 387 to 200 BCE g5 with silty layer
(a4
E B8
= ' ver
s Coarse sandg's 355 + 25 BP Coarse to very
g -9 - 1458 to 1635 CE coarse sands
10 Pebbles and very Pebbles, very coarse sands
B1 coarse sand and tuff
-11 = ; .
— BPA = [ aminated Laminated medium sand
; 9870 to 9401 BCE == ' :
" o ¢ s SRR Medium sand
Q o@ SN Y i
13 "o@/’}@ % Oé, Pebbles and very
S ey coarse sands
-14 Shoreface deposits [_.aminated Si/ty sand
%05 S5 .S,
) g% F
-15 &S‘/,‘&G S

Width of the palaeochannel=110 m

FLUVIAL HARBOUR ALONG THE TIBER CHANNEL

RIVER MOUTH

Core ISF-1
(Salomon etal. 2018)

HARBOUR OF OSTIA

Core PO-2
(Goiran et al. 2014)

-11

-12

-13

-14

-15

Depth in m - Below ancient sea level

Silt and clay

14C dated material

Stratigraphy Texture Interpretation Stratigraphy Texture Interpretation
0% 50% 100%
1 ] | ] | 0% 50% 100%
F Brown fine sand D |
(% ' »
Brown / orange ? ;;ﬁllow bedded | Floodplain
e fine sand cepmnne B ‘ deposits —
e i o ° 1 = 2 ° 5 B
——— = L <S04 2040+25BP, S
D ' ot _ —— L N
Medium.sand........... IS e ol i1 149 BCE S0 CE N O Voo bedded T R
c 1400565 5 30 . \ S coare | |5
Beige medium :i OQAU i; 43 82(0:5Eo__1 12(5) (B)IE:X‘ ﬂ:?/:fli (;"QAU S -1
::o D:V- + 5 m:o b:v
to coarse sand v 4152 BOE - 23 OF Yellow sand deposits | 1-7--11 -
with gravels at the top Current AN 962E(3J25 + 25 BEP 0 s on
Ri h channel NN 2030 & 25 BP 2o N -3
Grey-brown medium " ' 1 =rs 1192 BEE Z 23 OF AR
y mobility of the Tiber RN gggo 15-,%??3(3; e
to coarse 1R - fine | poooo]l 4
sand with ceramics o 2189239 BP—" Wl Compact dark harbour | | <« -
00 o2 %% “2350 + 40 BP grey silt deposits | |22 | ¢
B- - S S S S S B e . :b()DD ov; 7%;)2-52.'3-430ng\ i bovb . - _5
S ZQEQ ' Xz - = ,ZQ:\q ,
' ' <~ 343-51BCE & S
Silt to little gravel vo4% 3Mesisosp O
ioe s 357-60BCE A =1 Grey shelly =
RN, ™ sand _ 75
N ~~ { with posidonia Pre- harbour =
= | Silt with posidonia Tiber delta 8
horeface Q
Bedded grey shoreface -8
Grey-beige sand
' ‘, , -9
medium sand Shoreface deposits
with silty sand strata oo, & % .
S % -10
08, ‘O ¢
0/3&@ C?//
-11
-12

Sand
Bedded sand

= Qrganic matter

== Calibrated with Marine curve (Marine20)

= A Posidonia | _ |
= Calibrated with Atmospheric
© o Shells curve (IntCal20)
*+ Ceramics

Archaeological date
= Ceramic



CONNECTING PORTUS TO THE TIBER RIVER

Depth in m - Below ancient sea level

Depth in m - Ancient sea level

Flows into Flows into
(through the
Fiumicino)
Fluvial CANAL DIRECTLY CONNECTED TO THE TIBER CANAL INDIRECTLY CONNECTED TOTHE TIBER MARITIME HARBOUR OF PORTUS
I WITH BUILT RIVERBANKS
inputs CANALE ROMANO CANALE TRAVERSO PORTUS HARBOUR POOL
Canal with high fluvial influence Canal with harbour deposits characteristics Canal with fine harbour deposits
Core CN-1 Core CT-1 Core TR-14
(Salomon et al. 2014) (Salomon etal. 2012) (Delile etal. 2014)
Stratigraphy Texture Interpretation Stratigraphy Texture Interpretation
0% 50%  100% 9% 5|0% 1 09%
E . ' ' Stratigraphy Texture Interpretation
o , ,
— . Floodplain Fl-- Nellow [aminated 0% 50% 100%
“q o “E= - e e = m |7 _ deposits a © 4
. 2>} Ancientsealevel p Erady | Yellow sandy silt > 2o
o Brd ath e CE BB e | T KA VRO s vt AU NSNS FENSY NPT AT R :
| oo o |iGoiran etal 2009) Yellow sandy silt Fine sediments ° ,;’0 > 1415+30BP | ‘'c _ q; = SB"r%V\gllac;ompact . 3
deposited after L7, -] 595 to 662 CE =* ¢/ Grey sandy silt Joe ] DEl [T Marsh in the o2
cut-off NESNS o W’tg S’/]te{cls ¢ Canal activity |5 S=3 compact floodplain - R
K> 1650 + 30 BP . 2l o L3y and arteracts - Period 2 35 silty clay Isolated g e
K . Gl'ey Sandy Sllt 6 oy O A A ¥, harbour Sy
262 to 537 CE RN LJcS o o9.”d Shelly brown 0 % vy
RN - - - <z 5] ?}z . = |2 22| 21601 30 BP sand s
Gravel and coarse 2-°-) 1830 % 30 BP CZ% Dark compact 2.0 1 356-57 BCE \C B2 Sandv mud with I B
sl 5200 with anthopic 7o 12710320 CE === muds with shells 2| 2165+ 25BP \ Eo Sondy mud with s %
g 90-250 CE rubbles Canal activity 0 < an Posidonia o %o 236526 CE PR
¢ £ | 8. B~ Canalactivity | . . Sandy mud with Transiti Sy
191 B0 Medium sand “os] 1940+ 30BP =% Muds with shells | - Period 1 Lo 2 12452 i5 Azrg gEP N Shells and o 0o
i o] 1010204 CE = and Posidonia o<1 2035425 gp ' osidonia 20 o
x 2o Well sorted J_Sssioce o= v os| 392-653CE TpfEr = m === === [
< o grey san A = v .| 2140 + 30 BP L ~=1Mud with shells Connected o0
< - X 351-52 BCE ==X and Posidonia harbourwith | %<« %
e e= Z 1790£20BP | [= matineand.y |-~
T —— ) < 220 - 330 CE Shell nd/silt freshwater 2y Ya
> =s{ Laminatod e 1765 30 BP -\ [z Shelly sand/si . .-
= =4 well sorted sand o= Yellow sterile 230 - 380 CE e UEARISTE]S influence I
o == with shells g layered sand > >
= = < 1710 + 35 BP =i Sterile layered
d i — T o0 DbYFf (fawm
= . . o — = 250-417 CE | /|sand =
) Silty sand with = . o )
e black sand layers — 4030+30BP | b= 2080 * 25 BP
Q & == 2625 to 2469 BCE E; } - 169 BCE-2CE o
% 0 O o0 o &% 5, S 2250 %30 BP = -
-10 50 7 % 0 H 3  125-423CE %25, 5, =
R % 08, 0 ¢ =)
Ly 6}2&6 S m
CANAL DIRECTLY CONNECTED TO THETIBER
CANALE ROMANO WITHOUT BUILT RIVERBANKS >>> LATERAL MOBILITY
PORTUS TO OSTIA CANAL
(Salomon et al. 2020)
Flows into Core CPO-3 Core CPO-2
Stratigraphy Texture Interpretation Stratigraphy Texture Interpretation
2 0% 50% 100% 2
0% 50% 100% D
1 DEEE ——- Brown silts Floodplain 1
Ancient sea level _:‘__:‘_ Brown silts FI:;:‘TSI ’.‘;;n B SERCSHS
v 3rdcAtheCE .. reemsteennssernnsssrannssrennnsrennnnsennnnseensshRRRRRLES PORRRRRON p ........................................................................ Cl-- Brown silty clay ~ ~ [HEEEEEEEE------------ccccoeennnnnnnnn i, 0
(Goiran et al 2009) __ o with nodules
< Fine to medium el dbandonement
-1 o sand CANAL y Slity ciay Curort after the cutoff 1
1965 + 30 BP i MIGRATION " Coarse sand
_o ||41 BCE to 126 CEg Pom:bar Gravel and 2
5 Gy UL very coarse sand Canal
3 very coarse sand with ceramics activity E
S -3 with ceramics [l N NNl == -3 2
1S ~=ut - Sand, coarse sand g
S 2055 + 30 BP and silty-clay layers g
g 4 160 BCE to 22 CE = Bt R — 4 3
K e Bottom of the canal A QLIONTCl AU LaDd L=
g ] == :
= EEe —
£ -5 = 5 =
o e <
e o Yellow laminated g
-6 —— Yellow laminated sand -6
~— sand
-7 3865+ 30 BP _ = -7
— 2460 to 2210 BCE ~ —=
— Q
Oé}ss‘@ (04 OQ
) U
%
14 ,
_ _ C dated material
Silt and clay == Organic matter == (Calibrated with Marine curve (Marine20)
Sand Posidonia | | |
—— = Calibrated with Atmospheric
Bedded sand © o Shells curve (IntCal20)
*+ Ceramics

Archaeological date

== Ceramic




(1) MANAGEMENT OF THE (2) MANAGEMENT OF

SEDIMENTARY INPUTS THE INTERFACE MOBILITY
Water and sediment inputs N . Meanc:flr ang'l't
: : S river mouth mobility
fawisg througn tae city \Q@.‘&\ (Republican / Early Imperial period)
&
The port-city OSTIA
complex
(f. 4"/3™ ¢, BC)
SEA River path simplified SEA
> Control of the sedimentation between the channel > Adjustement of the waterfronts;
and the harbour(s) not known (?) > Channelisation of the river channel (?)
> Dredgings (river mouth, river channel and harbours) > Longshore defense (?)
Water and Flow constrained
sediment inputs diverted within built riverbanks &-Qo@i\e\
away from Portus and quays a&(o“
PORTUS \, i
The artificial |(2) POR IS
harbour Q
complex
(f- stjond o A D) Harbours (1) Harbours
SEA SEA
> Complex network of canals routing sediments > Only the canals around the Trajanic basin
aways from the harbour basins ; offer built riverbanks
> Dredgings and sediment flushings in the harbours and canals. (Portus to Ostia canal?)
Urban areas \ Fluvial mobility /7’ Tiber channel %" Channelisation of the Tiber (?)
_ Harbour structures %, Coastal mobility  Canals / Canals built riverbanks
.2 Longshore defences (?)
(1) Canale Traverso * No evidence of lateral mobility of

(2) Northern entrance the Northern Canal (?)



	Text
	Figure 1-Location map-01
	Figure 2_Orientations-01-01
	Figure 3_Orientations_chart-02-02-02
	Figure 4
	Figure 5-02
	Figure 6 - Model river mouth Ostia-Portus-01-01-01

