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Late Holocene Evolution of Tiber River
Delta and Geoarchaeology of Claudius
and Trajan Harbor, Rome

Carlo Giraudi,"* Cristiana Tata,' and Lidia Paroli®

IENEA C.R. Casaccia, P.O. Box 2400-00100, Roma A.D., Italy
2Soprintendenza per ¢ Beni Archeologici di Ostia

This study provides new information on the evolution of the Tiber delta during the late Holocene,
and describes the record of sedimentation in the Port of Claudius and Trajan. The Tiber flowed
into the Tyrrhenian Sea in the area of the Port of Claudius and Trajan between the 8th and 5th
centuries B.C. The harbor basins excavated by the Romans during the 1st and 2nd centuries
A.D. were filled with sediments containing saltwater fauna, then brackish-water fauna, and
finally by alluvial and marsh deposits. The Port of Claudius and Trajan was silted in as a con-
sequence of episodes of alluviation that correlate with environmental events, possibly trig-
gered by global climate changes. © 2009 Wiley Periodicals, Inc.

INTRODUCTION

In this paper, results of geomorphic, stratigraphic, and geoarchaeological research
conducted on the Tiber delta in central Italy are presented (Figure 1). The investi-
gation focused on the area of an ancient harbor built by Roman Emperor Claudius I (1st
century A.D.) and modified by Emperor Trajan (2nd century A.D.). The harbor was
the world’s largest artificial feature of its kind in antiquity. The objective of this
study was to define the configuration of the harbor and describe the record
of sedimentation in the harbor basins through coring and radiocarbon dating.

The catchment area of the Tiber River is in the northern and central Apennines,
and its outlet to the sea is southeast of Rome. In the delta area, the Tiber splits into
two channels (Figure 1): The main channel flows into the Tyrrhenian Sea west of
Ostia Antica, and the secondary channel, called Fiumicino, reaches the sea at the
town of Fiumicino. Part of the Fiumicino channel was excavated in the first half of
the 1st century A.D. when Claudius was emperor; it is called “Fossa Traiana” (Trajan
canal). Two more canals, now completely filled with sediment, were excavated dur-
ing Roman times: the “Fossa di Claudio” (Claudius canal) dating to the time of
Claudius (Testaguzza, 1970; Keay et al., 2005), and a second canal, constructed by
Trajan at the beginning of the 2nd century A.D. and identified by Keay et al. (2005).

*Corresponding author; E-mail: carlo.giraudi@enea.it.

Geoarchaeology: An International Journal, Vol. 24, No. 3, 371-382 (2009)
© 2009 Wiley Periodicals, Inc.
Published online in Wiley Interscience (www.interscience.wiley.com). DOI:10.1002/gea.20270
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Figure 1. Geology of the central portion of the Tiber delta. Legend: I-VIII = beach ridges of 8 phases from
oldest to youngest; SP = mainly marsh sediments; SA = mainly alluvium; ASP = alluvial or beach or
marsh sediments, in the areas between beach ridges of various phases; P = ancient channel of the Tiber;
RAV = stream beds and crevasse splays of Le Vignole; RPC = deposits in the Claudius harbor; A = areas
of human settlement in Roman times (towns, buildings, anthropic sand accumulations). Black squares mark
the coastal towers (their age in yr A.D. is reported alongside).

HOLOCENE EVOLUTION OF THE TIBER DELTA

The evolution of the Tiber delta has been studied since the late 19th century (e.g.,
Oberholtzer, 1875; Bocci, 1892). Geological investigations conducted during the last 40
years have focused on the sedimentology of Late Pleistocene and Holocene deposits
stored in the delta (e.g., Belluomini et al., 1986; Bellotti et al., 1987, 1989, 1994, 1995;
Chiocci & Milli, 1995; Amorosi & Milli, 2001). Several studies of the evolution of the delta
combined geological data with historical records and maps (e.g., Dragone et al., 1967;
Belluomini et al., 1986; Bellotti et al., 1987, 1989, 1994, 1995; Segre, 1986). However, a
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lack of radiocarbon ages for deltaic deposits younger than 5000 years B.P. prevented a
reconstruction of the Late Holocene evolution of the Tiber delta. In a recent study by
Giraudi (2004), a complex history of delta formation spanning the past 7000 years is
described and is based on geomorphic, stratigraphic, radiocarbon, and historical data.

The Tiber River delta consists of two parts: the inner delta, which was occupied
by the marshes of Ostia and Maccarese until the delta was artificially drained in the
early 20th century, and the outer delta formed by beach ridges and dunes extending
almost symmetrically to the north and south of the river mouth (Figure 1).

Dragone et al. (1967) described the morphology of the beach ridges of the outer
Tiber delta, and Bellotti et al. (1994) conducted a more detailed study of the evolution
of the ridges. Giraudi (2004) reported that there are clusters of beach ridges forming com-
plexes representing eight separate beach progradation phases. Also, according to Giraudi
(2004), the delta experienced four retreat phases during the Late Holocene. The beach-
ridge complexes in the central portion of the delta are shown in Figure 1. The ages of
the beach ridges reported in Giraudi (2004) were inferred from artifacts and the strati-
graphic relationship between the beach ridges and radiocarbon-dated marsh deposits
of the inner delta. The ages of the beach-ridge complexes, from landward to seaward,
are as follows: I, the oldest beach-ridge complex, dates to ca. 37004000 B.C.; II dates
to ca. 327562930 B.C,; III dates to ca. 3275-2930 B.C.; IV dates between 2140-1920 B.C.
and 1300-1000 B.C.; V dates to ca. 910-800 B.C.; VI consists of an older part (VI-a) dated
between the 4th century B.C. and the 3rd century A.D., and a younger part (VI-b)
dated between the 4th and 10th centuries A.D.; and VII and VIII are dated to the period
between the 15th and 19th centuries A.D.

The delta underwent four retreat phases: between phase I and II of the progradation
of the beach ridges (>3275-2930 B.C.); between phases V and VI (between the
8th and 4th centuries B.C.); during phase VI (3rd century A.D.); and between phases VI
and VII (10th—13th centuries A.D.).

According to Giraudi (2004), the cusp formed by the beach ridges of phases IV and
V (Figure 1) implies that, at least until the 8th to 9th centuries B.C., the mouth of the
Tiber was southwest of the Port of Claudius and Trajan, corresponding to the pres-
ent Fiumicino channel. Before the 4th century B.C., the channel moved to its present
position (Figure 1).

Historical information confirmed the age of the progradation phase VI-b. During
the 4th century A.D. the main channel of the Tiber was partly obstructed by sand, and
there is an epigraph showing dredging of the Port of Claudius and Trajan at that time
(Coccia, 1993; Paroli, 2004). Silting of the port, however, continued, and it was even-
tually abandoned as an anchorage in the 10th century A.D. (Coccia, 1993; Paroli,
2004). Paroli (2004) noted that the harbor of Claudius was still partly in use in the
12th century A.D.

HISTORY OF THE PORT OF CLAUDIUS AND TRAJAN

The port of Claudius was built during the period A.D. 42-64, then modified by
Trajan during the period A.D. 100-112 (Testaguzza, 1970; Coccia, 1993). The remains
of the port are in an area covered by post-Roman marsh and alluvial deposits and by
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Figure 2. Geological map of the study area, including the Claudius and Trajan harbor. Legend:
A = Fiumicino branch dammed by beach ridges; B = mouth of the secondary branch of the Fiumicino;
C = northern entrance of the Claudius harbor dammed by beach ridges.

beach ridges of pre-Roman age (Figures 2, 3). The harbor basins are filled with
marine deposits that underlie the alluvial and marsh deposits (Dragone et al., 1967).

Historical sources report that the harbor of Claudius and Trajan was mostly exca-
vated in terra firma (Testaguzza, 1970). The geological data generally confirm the
historic information; however, thick deposits of sediment in the harbor basins, and
the ruins of the city of Portus, make it difficult to reconstruct the surface geology
for the period when the harbor was constructed.
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METHODS

Aerial photographs were used to prepare a geomorphological map of the Tiber
River delta. The Soprintendenza per i Beni Archeologici di Ostia conducted deep
coring in the Port of Claudius and Trajan to identify morphological features of the
Tiber delta that date to the Roman period and to identify and characterize sedi-
mentation phases in the harbor. Also, subsurface data were gleaned from shallow
hand excavations and auger holes. A chronological framework was developed through
radiocarbon dating of wood fragments and analysis of pottery sherds recovered in
the cores. The nature of depositional environments was inferred from fossil inver-
tebrates and the lithology of sediments.

RESULTS
Stratigraphy of the Port of Claudius and Trajan

Remnants of the Port of Claudius and Trajan are located immediately east of an
area formed by beach ridges (Figures 1, 2). The beach ridges closest to the port are
dated to ca. 8th-9th century B.C. According to Scrinari (1971), the west side of
the northern jetty of the port was attached to the dunes of these beach ridges. Some
older beach ridges are to the south and east of the port.

Dragone et al. (1967) described deposits in the ancient harbor, noting that they
are 8-10m thick and consist of sand and clay with Mactra corallina shells. Ferrara,
Reinharz, and Tongiorgi (1959) reported two radiocarbon ages determined on mate-
rials from the area of the harbor: A wood fragment associated with material used
for jetty construction yielded an age of 1863 = 135 yr B.P. (two sigma calibrated
age: 200 B.C.-A.D. 5b0), and a Mactra corallina shell recovered at a depth of about
8m yielded an age of 2160 = 145 yr B.P. (two sigma calibrated age: 150 B.C.—A.D.
550).

The top of the fill in the western basin of the port consists of alluvium—mostly
sand and silty sand—while in the rest of the basin silty alluvium and marsh deposits
cap the fill. Amenduni (1884) reported that part of the Claudius and Trajan harbor
was still occupied by marshes in the 19th century.

The stratigraphy of the port and surrounding area was examined by collecting
17 cores to a maximum depth of 15m (Figure 2). Twelve cores were taken in har-
bor fill, including five cores (7, 8, 9, 10, 15) on remnants of jetties and buildings.
In those five cores, 4-5m of urban rubble were penetrated before reaching natu-
ral deposits. The base of this rubble was dated to the early phases of port con-
struction (mid-1st century A.D.). Natural deposits in the cores have graded bedding,
with medium and coarse sand fining upward to silt. Similar sequences with graded
bedding also occur in some excavations outside of the primary study area, includ-
ing an area near the Porto railway station. Using information gleaned from the
cores, three cross-sections were prepared to illustrate the stratigraphy of the study
area (Figure 3).
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Cross-Section I

Cross-section I (FFigure 3) shows the stratigraphy inferred from Cores 15, 10, and
9, collected in the urban area of Portus; Core 5, recovered from a canal (“Canale tra-
verso,” described by Testaguzza, 1970) that linked the Fossa Traiana with the port;
Core 8, collected on one of the jetties of the port; and Core 25, collected inside the
ancient port basin. The bottom of the sediment filling the ancient basin consists of
sand, gravel, broken seashells, and pottery fragments. Based on typology, the oldest
pottery dates to the 1st century A.D. The following deposits are mostly silty, varying
from sandy silt to clayey silt, and contain saltwater and brackish-water invertebrate
fossils (Mactra corallina, Chamelea galina, Donax trunculus, Littorina sp., Barbatia
sp., Cerithium, Cerastoderma edule) and fragments of pottery and ornamental stone.
Thin, alternating beds (decimeters to centimeters thick) of medium and fine sand
grading to silty alluvium, some with freshwater gastropods and others that are ster-
ile of fauna, cap the saltwater and brackish-water deposits. Thick deposits of silty
alluvium and marsh sediments form the top of the sequence. Some of the silt deposits
are sterile, but others contain freshwater and terrestrial gastropods (Planorbis
planorbis, Pomatias elegans, Helicella sp., Bithynia tentaculota) that are affiliated
with fluvial and marsh environments.

Gravelly, sandy, and silty deposits underlie the harbor fill and the urban area of
Portus. These deposits are part of the wave-dominated delta depositional system
described by Bellotti et al. (1995). The middle and upper portion of the sedimentary
sequence mostly consists of poorly bedded coarse sand with a few layers of sandy
gravel. In the lower part of the sequence, thin beds of medium to fine sand grade
upward to silt. The beds are decimeters to centimeters thick and contain microfauna
derived from erosion of the Pleistocene marine sediment bordering the eastern mar-
gin of the delta. The grain size and sedimentary structure of the deposits are typical
of channel-fill and bed-load delta facies, as described by Reineck and Singh (1980).

Fragments of wood and charcoal were found in Core 15. A piece of wood recov-
ered 11.75m below natural ground level (7.4 m below sea level) yielded a radiocar-
bon age of 3240 + 40 yr B.P. (Beta-198940; 1610-1420 B.C.), and a charcoal fragment
recovered from a lens of charcoal and plant macrofossils 6.6 m below ground level
(2.35m below sea level) yielded an age of 2450 == 40 yr B.P. (Beta-200413; 780—400
B.C.). A thin bed of organic-rich silt was recorded at a depth of 0.9 cm below sea
level in Core 9, taken beneath Roman structures in the harbor. This silt bed con-
tained the shells of mollusks, including Cerastoderma edule and Donaz, affiliated with
brackish-water environments.

Cross-Sections IT and IIT

The stratigraphy shown in cross-sections II and III (Figure 3) is similar to the
stratigraphy shown in cross-section I, and provides additional information on sedi-
mentation in the harbor basins. In several cores, layers and fragments of wood (now
under study) were sampled. Some of the wood may be from ancient vessels, but
additional analysis is needed to confirm this.
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In cross-sections IT and III, deposits comprising the fill in the ancient port consist
mostly of silt, varying from sandy silt to clayey silt, and contain saltwater and brackish-
water fossil gastropods (Mactra corallina, Chamelea galina, Donax trunculus,
Littorina sp., Barbatia sp., Cerithium, Cerastoderma edule) as well as pottery frag-
ments and ornamental stone. These silty deposits are mantled by sandy silt con-
taining large quantities of plant macrofossils, predominantly seagrass (Posidonia
sp.). The sequence is capped by silty alluvium containing freshwater and terrestrial
gastropods similar to the assemblage described for cross-section I.

In cross-sections II and 111, the substratum in which the harbor basins were exca-
vated mostly consists of thin beds (1 to 10 cm thick) of sand that fines upward to silt.
Some graded beds contain reworked microfauna, but others are sterile. In Core 16,
there are sterile, poorly bedded sands as well as graded beds of sand. Based on gran-
ulometry and sedimentary structures, deposits underlying the harbor fill are delta
facies of channel-fill and bed-load sands, as described by Reineck and Singh (1980),
and form a part of the wave-dominated delta depositional system described by Bellotti
et al. (1995).

SUMMARY AND CONCLUSIONS

Geomorphic and stratigraphic data collected in this study provide the basis for a
geoarchaeological analysis of the Port of Claudius and Trajan. The data were used
to reconstruct the evolution of the Tiber delta during the period prior to the con-
struction of the port, and to identify, at least on a preliminary basis, the history of sed-
imentation that resulted in the filling of the ancient harbor.

Prior to ca. 700400 B.C., the Tiber flowed into the sea not far from the area where
the Port of Claudius and Trajan was constructed centuries later. The river had two
branches: The main one mostly corresponded to the Fiumicino channel, and a sec-
ond channel reached the sea further north.

Before the construction of jetties and buildings and the excavation of harbor
basins, the area occupied by the Port of Claudius and Trajan consisted mainly of
alluvium deposited in the channels of the Tiber River. The coarse alluvium, radio-
carbon-dated between ca. 1610-1420 yr B.C. and ca. 780-400 yr B.C., was deposited
by the stream that flowed among the cusps of the beach ridges formed during phase
IV and V (predating the 13th—11th centuries B.C. to a period postdating the 9th-8th
centuries B.C.). The alluvium is, therefore, coeval with adjacent beach ridges. Alluvial
deposits in Core 16 and in the area of the Porto railway station are associated with
the second channel, which reached the sea further to the north. Hence, while the
beach ridges of phase V were forming, and perhaps even earlier, the Tiber at times
reached the sea through two branches (Figures 1 and 2). Currently, few traces of
the second, more northerly channel remain, since a large part of the area was mod-
ified by Roman construction in the 1st and 2nd centuries A.D.

As noted earlier, in Core 9 a thin bed of sediment containing fossil mollusks that
lived in brackish water caps the sedimentary sequence. Buildings dated to the 1st
century A.D. are immediately above this bed. From this it is deduced that, after the
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diversion to the south of the Tiber, the former channel remained open, leading to
the intrusion of seawater. The same phenomenon likely occurred at the mouth
of the second Tiber branch, located further north. The absence of pre-Roman sur-
ficial sediments in the area of the artificial harbor basins precludes a precise recon-
struction of the course of the stream channel and of the coastline during the period
just prior to Roman construction. It is likely, however, that the beach ridges of phase
V, west of the port, were transformed into an island. The island became separated
from the delta proper by marshes and by two inlets formed by marine intrusions into
the mouth of the abandoned stream branches.

Stratigraphic data indicate that diversion of the river from the area of the port to
its present position took place after the deposition of alluvium containing charcoal
dated between ca. 780 and 400 cal. yr B.C. The Fossa Traiana canal, excavated in the
depression between the cusps of pre-Roman beach ridges, coincides, at least along
one segment, with the branch of the Tiber abandoned before the 4th century B.C.

The age of the diversion of the Tiber inferred from geologic data coincides with
the establishment of Ostia in the 4th century B.C. at the mouth of the new channel
of the Tiber. According to the writings of Quintus Ennius (3rd century B.C.) and oth-
ers, at about 620 B.C. King Ancus Marcius founded a colony called Ostia Tiberina on
the left bank at the mouth of the Tiber River (Meiggs, 1973). The remains of this
ancient settlement, however, have never been discovered. The results of our inves-
tigation indicate that during this period the Tiber was in the area where the Port of
Claudius and Trajan was constructed. Therefore, it is likely that Ostia Tiberina was
situated near that area.

The beach ridges, which are almost straight in most of the study area, have an anom-
alous morphology in the area west of the Port of Claudius and Trajan (Figures 1, 2).
This anomaly is attributed to two factors: (1) the presence of the two branches of the
Tiber west of the Port of Claudius and Trajan, which resulted in a more complex
development of the beach ridges; and (2) delta retreat phases during the period after
construction of the port. Castagnoli (1963) examined the anomalous morphology of
the beach ridges, but he did not attempt to date them, nor did he realize the varia-
tions in the location of the stream channel and erosion that had occurred. He assumed
that the anomalous morphology was caused by the presence of Roman jetties (never
found) at the contact between the deposits forming the beach ridges of phases VII
and VIII. Giuliani (1992) also attributed the anomalous morphology of the beach
ridges to Roman jetties.

Detailed study of the fill phases of the harbor basins excavated in the 1st and 2nd
centuries A.D. is still in progress. Nevertheless, the data indicate that at least in the
area of cores 1, 2, and 3, sedimentation began immediately after the opening of
the port. Specifically, the lower part of the harbor fill contains pottery of the 1st cen-
tury A.D. Based on the grain size of the sediments (gravel and coarse sand), the area
of cores 1, 2, 3, and 25 experienced strong wave motion.

Historical data have also been considered in order to date the silting of the har-
bor. According to Coccia (1993) and Paroli (2004), in the 9th century A.D. the harbor
basins were still in use. We must therefore assume that, at least during the Early
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Middle Ages, there was an inflow of seawater into the port, and marine sediments
could have been deposited at least until the 9th—10th centuries A.D.

Paroli (2004) provided historical data about the irregular use of the silted port
during the 12th century A.D. and the navigability of the Fossa Traiana canal at least
until the year A.D. 1118. Sediments were deposited in brackish water when the inflow
of seawater was impeded because of silting and the concomitant blockage of the
harbor entrance. The brackish environment probably was maintained by the mixing
of the seawater with freshwater from the Fossa Traiana canal. It is likely that the
brackish environment lasted at least until the 12th century A.D.

The top of the sedimentary sequence of the harbor fill consists of alluvium and
marsh deposits that aggraded, mostly after the 14th century A.D., when the Tiber
experienced a series of floods (Camuffo & Enzi, 1994) and there was significant
progradation of the delta (Dragone et al., 1967; Belluomini et al., 1986; Bellotti
et al., 1987, 1989, 1994, 1995, Segre, 1986; Giraudi, 2004). The Fossa Traiana canal
was perhaps already partly filled with sand in the year A.D. 1461 (Paroli, 2005).
During the 15th century, beach ridges dammed the Fossa Traiana (Figure 2, point A)
and the river changed its course, flowing toward the harbor basins. The grain-size
distribution of the alluvium suggests that the water flowed from the Fossa Traiana
to the southern portion of the Port of Claudius (Figure 2), and then to the sea
through a breach in the northern jetty of the port (Figure 2, point B). Discharge
through this breach ceased when sedimentation of phase VIII beach ridges began,
i.e., in the 16th century. According to Paroli (2005), during the year A.D. 1612, the
Fossa Traiana was dredged, its direction was modified, and it was reopened to
navigation.

The innermost basins of the harbor were filled by silt carried in suspension by
water entering from the “Canale Traverso” canal. Pottery remains dated to the 16th
century A.D. have been found in alluvial deposits that filled the canal (Paroli, 2004).

In sum, the Port of Claudius and Trajan was silted in as a result of frequent flood-
ing in the Tiber River and related progradation of the Tiber delta. Over the last 2000
years, the most important progradation phases of the delta were produced by
increases in sediment load caused by environmental changes, i.e., cool, moist cli-
matic periods, in the Tiber drainage (Giraudi, 2005). Major episodes of alluviation
reported by Camuffo and Enzi (1995) date between the 6th and 9th centuries A.D.
and between the 15th and 19th centuries A.D. Both of these episodes correspond
with periods of cooling of North Atlantic waters (event of 1400 cal. yr B.P. and 500
cal. yr B.P), as reported by Bond et al. (1997). Hence, sedimentation that led to the
silting of the Port of Claudius and Trajan appears to have been caused by increased
alluviation related to environmental changes in the watershed. Those changes were
likely triggered by global climatic changes.

The authors are grateful to G. Ricci for his support during the fieldwork, and to T. Kotsakis and D. Esu
for their suggestions about the malacofauna identification. J.P. Goiran contributed to the discussion of
data in the field. The authors thank J.D. Stanley and an anonymous referee for suggestions and com-
ments on the manuscript.
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