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IX

FOREWORD

The Priority Programme 1630 »Harbours from the Roman Period to the Middle Ages« funded by the Ger-
man Research Foundation (Deutsche Forschungsgemeinschaft) in the years 2011-2018 has made it its prio-

rity to unite and connect multidimensional approaches to harbour research within the vast research area of 
the North Atlantic to the Mediterranean. Modern research of the last three to four decades has particularly 
shown how the integration of geophysical and geoarchaeological methods has brought new insights into 
interdisciplinary and interpretational approaches. Thus the logical consequence was to dedicate the irst in-

ternational conference on the framework of the Priority Programme to this approach and its wide discussion. 
It took place from 30 September to 3 October 2015 with the title »Harbours as objects of interdisciplinary 
research – Archaeology + History + Geosciences«. About 130 participants from 15 nations with 70 lectures 
presented their work approaches and results within the ive sections of the conference: »Plenum keynote-
lectures«, »Geophysics and Field Research: Developing methods«, »Geoarchaeology: Changing Harbour 

Environments«, »Archaeological Features: Harbour Facilities and Infrastructure«, »Written and Iconographic 

Sources: Complementing the Material Evidence«. The ceremonial address of the evening was given by Sabi-
ne Ladstätter (Vienna) on the harbour of Ephesos. On the last day of the conference the participants visited 
the Viking Museum Haithabu as well as exhibitions at the Schleswig-Holsteinisches Landesmuseum Schloss 
Gottorf in Schleswig. 
Subsequent to the conference in Kiel, the initiators of the Priority Programme decided on what at irst 
glance appears to be an unusual publication strategy in which the predominantly archaeologically and 
historically oriented papers are being published in the present volume, whereas some mainly geophysical 
and geoarchaeological papers will be published in Quaternary International Special Issue »Integrated geo-

physical and (geo)archaeological explorations in wetlands« (guest editors: Christoph Zielhofer, Wolfgang 
Rabbel, Stefanie Berg-Hobohm, Tina Wunderlich), thereby reaching different milieus, which are, however, 
interconnected by their interdisciplinary research on harbours. Consequently, the thematic structure of the 
present volume will differ from the actual conference and the submitted contributions are arranged regio-

nally as well as topically. 
Our thanks go especially to Ilka E. Rau, who was both responsible for organising the conference as well as 
for the editorial responsibilities of this volume. Moreover, our thanks go to the editorial team of the RGZM 
in Mainz. 

The initiators of the SPP 1630 »Harbours from the Roman Period to the Middle Ages«

Claus von Carnap-Bornheim

Falko Daim

Peter Ettel

Ursula Warnke
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LUKAS WERTHER · LARS KRÖGER · ANDRÉ KIRCHNER · CHRISTOPH ZIELHOFER 
EVA LEITHOLDT · MICHAEL SCHNEIDER · SVEN LINZEN 
STEFANIE BERG-HOBOHM · PETER ETTEL

FOSSATA MAGNA – A CANAL CONTRIBUTION TO HARBOUR 

CONSTRUCTION IN THE 1ST MILLENNIUM AD

NAVIGABLE CANALS IN THE 1ST MILLENNIUM AD – AN INTRODUCTION

Navigable canals are an exception in the 1st millennium AD in central Europe – but not as rare as often 

thought (ig. 1) 1. Although they form key elements of the European harbour network, only a few promi-

nent examples have so far been the subject of considerable (geo)archaeological research, irst and foremost 
the Kanhave Canal (Denmark) 2, the Fossa Carolina (Germany) 3, the Glastonbury Canal (Great Britain) 4, 

the harbour canals in Ostia / Portus (Italy) 5, the Fossa Corbulonis (Netherlands) 6, a canal near Spangereid 

(Norway) 7, in Avenche (Switzerland) 8, in Tendu (France) 9, and in Ephesus (Turkey) 10. Many more are poorly 

documented / published or have only been proven in written sources, some of them only as planned proj-

ects which have never been realised. Furthermore, in many cases the navigability is not conirmed and the 
original purpose and de facto use is unknown 11. 

By means of canals, transition zones of the transportation network have been artiicially modiied 12. The 

construction of canals, especially their water depths and fairway width, relects the speciic requirements 
regarding the usability of inland harbours and waterways. These requirements result from the interplay 
between local to regional site conditions and vessel characteristics 13. In our paper, we present three case 

studies to discuss this topic for different types of canals, different transport zones 14 and different periods. 

The pivotal point of our interdisciplinary team in the Priority Programme 1630 is the Fossa Carolina or fos-

satum magnum 15. 

CANAL LOCATIONS IN HARBOUR NETWORKS

Irrespective of their individual coniguration, we classiied three general types of navigable canals regarding 
their location and connectivity in the harbour network (ig. 2) 16. 

1. Dead-end canals (ig. 2, 1), which effectuate a local enlargement of a certain transport zone in the hin-

terland. Usually they are harbour entrances at the same time and connect a production site or a consumer 

center in the hinterland to a navigable waterway 17. Important examples are the canals in Avenche, Ephesus 

and Tendu (Roman) as well as in Glastonbury, Sawtry and Bruges (medieval) 18. 

2. Shortcut or parallel canals (ig. 2, 2), which are used to bypass an obstacle or simply reduce the travel 

distance between harbours within a certain transport zone 19. Important examples are the Iron Gate canal 

and the Canale Romano (Roman) as well as the Kanhave Canal and canals in Bampton, Abingdon and 

Calbe (medieval) 20. An especially vivid description of the construction of this type of canal comes from early 

11th-century London: in 1016 a Danish leet dug a big ditch to bypass London Bridge during a military op-

eration, because the bridge blocked the waterway for their ships 21. 
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Fig. 1 Distribution of selected navigable and probably navigable canals (1st century BC to the 11th century AD, planed as well as con-
structed, with information concerning the security of the record / interpretation) in Central Europe based on written sources and (geo-) 
archaeological data. – (Basemap SRTM-GDEM © NASA 2009, CCM River and Catchment Database © European Commission 2007; car-
tography and data collection L. Werther).

Fig. 2 Types of navigable canals regard-
ing their location and connectivity in the 
harbour network. Top: inland; bottom: 
coast; dashed line: canal; anchor symbol: 
harbour; grey dots: obstacles. – 1 dead-
end canal. – 2 shortcut or parallel ca-
nal. – 3 connection or watershed canal. – 
(Graphics L. Werther).
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3. Only the last type, connection or watershed canals (ig. 2, 3), connect two separate harbour networks, 

drainage systems and transport zones. Important examples are the canals between the Moselle and Saône 

(Roman) as well as the Fossa Carolina and the Stecknitzfahrt (medieval) 22. 

CONSTRUCTION AND LONGITUDINAL PROFILE

The technical construction and longitudinal proile offers a second method of canal classiication (ig. 3). 

1. Technically, the least complex is a dead-end canal with a homogenous water level, only connected 

to one hydrological system (ig. 3, 1). The canals in Avenche and Tendu offer vivid examples of this type 

of canal, only the water level of Lake Morat and the River Bouzanne respectively are relevant for the canal 

hydrology 23. 

Fig. 3 Classiication of canals concerning their hydrological concept and longitudinal proile. – (Graphics L. Werther, after Bockius 2014, 
ig. 3).

1

2

3
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2. A bit more complex is a canal connecting two waterbodies on a more or less homogeneous water 
level (ig. 3, 2). The Kanhave Canal, dependent on the sea level on both sides of Samsø island, is a well-

known maritime example 24. The Canale Romano at Portus, bypassing the Tiber, belongs to the luvial sys-
tem 25. 

3. The most complex solution is a canal with a summit level, which connects two waterbodies with differ-
ent water levels and therefore two different hydrological systems (ig. 3, 3). Important representatives of 

this type are the Fossa Carolina, bridging the watershed between Danube and Rhine, and the Fossa Corbu-

lonis, bridging the watershed between Meuse and Rhine 26. Several other ambitious canals of this type were 

planned but never realised in the 1st millennium AD, such as a canal between the Moselle and the Saône 

projected in 55/56 AD according to Tacitus or a canal from Lake Sapanca to the sea described by Pliny the 

Younger in 111 AD 27.

CANAL FAIRWAYS AND VESSELS

Naturally, the cross section of canal fairways is mainly inluenced by the size of vessels they are made for. 
Therefore, the fairway dimension could help us to evaluate the usability for different types of ships. Wrecks 

or parts of wrecks conserved in situ in canal fairways are almost inexistent except for one example: in the 

canal of Avenche, a Gallo-Roman naval building yard of the 2nd century AD, several planks, frames and 

other pieces for the construction of barges have been excavated 28.

Reliable data about canal dimensions are crucial for a comparison with vessel sizes, but especially reliable 

information concerning the actual fairway width can only be given by (geo)archaeological investigations. 

This is stressed by the example of the Fossa Carolina with an assumed canal width of 20 m to 30 m in older 

publications 29, whereas new on-site data gave proof for a fairway width of not more than 5-6 m 30. In 

general, the range of vessels used in the 1st millennium AD covers small riverboats, but also huge seagoing 

ships 31. The fairway dimension might answer the question which vessels and which type of cargo a speciic 
canal was made for and to which and from which transport zone vessels may have shipped by using a canal. 

The interplay between canal fairway and vessels might also shed light on the question how neighbouring 
harbours were constructed and for which vessels they would have been appropriate. Nevertheless, this is a 

dynamic ield as the usability of a canal is all but stable because fairway dimensions change due to factors 
like sedimentation and insuficient maintenance 32. The following case studies, which are ordered chrono-

logically, will discuss these general issues in greater detail. 

CASE STUDY 1: THE FOSSA CORBULONIS

Our oldest example of a canal with a summit level is a Roman canal in the Netherlands, the Fossa Corbu-

lonis (ig. 1, 1) 33. It is common knowledge that Roman engineers and especially the Roman army realized 

large-scale transport infrastructure frequently. The construction of roads, storehouses and also harbours is 
well known, but there are also lesser-known components such as a certain number of artiicial waterways 
from this period. 

In the 1st century AD Roman military built a shore-parallel canal between the Rivers Meuse and the (Old) 

Rhine (ig. 4). Tacitus offers a vivid description of the construction circumstances in the year 50 AD: »Ut 

tamen miles otium exueret, inter Mosam Rhenumque trium et viginti milium spatio fossam perduxit, qua 

incerta Oceani vitarentur.« 34 After an aborted military operation east of the Rhine the general Corbulo or-
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dered the construction of the canal, amongst other things to keep the soldiers busy 35. According to Tacitus, 

the main motivation of the project was to avoid the dangerous detour – incerta Oceani – on the open sea 

between the two river systems. The dating is perfectly conirmed by dendrochronology 36. 

The total length of the canal is more than 30 km, although natural watercourses were integrated into the 

construction in some sections 37. In the north-east, the canal is connected to the Rhine close to the Roman 

fort of Matilo, which was built a short time after the canal 38. The south-eastern connection to the Meuse is 

uncertain, but it is most likely located close to the 2nd-century leet base at Naaldwijk 39. In Leidschendam, 

close to the later Roman city of Forum Hadriani, the canal bridges the local watershed between the two 

catchments. The level difference of the canal bottom seems to be no more than 2 m 40. On both sides of an 

assumed portage with earthen dams, the canal bottom reaches the highest levels which have been docu-

mented, forming some kind of a lat ramp 41. 

As the excavations indicate two different trench bottom levels east and west of the watershed, one must 

assume a canal with a summit level divided by locks or two disconnected dead-end canals (ig. 3, 1. 3) 42. 

Regarding the position within the entire harbour network, the Fossa Corbulonis is a hybrid with elements 

of all types: a connection canal bridging a local watershed (ig. 2, 3), a shore-parallel canal bypassing an 

obstacle (ig. 2, 2) and a combination of two dead-end canals (ig. 2, 1), which enlarge the transport zones 

of the Rivers Rhine and Meuse in the hinterland. It connects two riverine transport zones bypassing an open 

sea passage which is impassable for riverboats due to the incerta Oceani described by Tacitus 43.

The assumption that the canal was mainly made for riverine vessels is supported by the excavated cross sec-

tions 44. Between the timbering, the fairway reveals a maximum width of 15 m, but the crucial bottle necks 

are no wider than 4.5 m 45. The fairway depth was not more than 1.3 m from the Roman surface at the shal-

lowest point and therefore the water depth must have been even lower 46. This corresponds to the maximum 

water depth of 1.5 m in the basin of the inland harbour in Voorburg-Arentsburg, which was constructed 

Fig. 4 Topographic position of the Fossa 
Corbulonis (red). – (Basemap SRTM-GDEM 
© NASA 2009, CCM River and Catchment 
Database © European Commission 2007; 
cartography L. Werther).
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around 160 AD close to the canal summit 47. The minimum water depth has been reconstructed at around 

0.5 m, so there have been signiicant luctuations due to seasonal and long-term hydrological changes 48. A 

connection of this harbour to the Fossa Corbulonis is most likely 49. However, similar changes must also have 

affected the Fossa Corbulonis. Therefore, the maximum water depth of 1.3 m was obviously no long-term 

condition and the mean level has to be calculated as lower. Further luctuations and regional differences 
concerning the navigability are indicated by excavations, which showed that the northern part of the canal 

to Matilo was probably already out of use when the Voorburg-Arentsburg harbour was constructed – but 

the southern branch to the Meuse was still in use, perhaps until the irst decade of the 3rd century AD 50. 

Large-scale dredging operations in the harbour basin point to another source of luctuations in water depth, 
which may also have affected the canal fairway of the Fossa Corbulonis – at least it makes clear that the 

technology was available during its maintenance 51. 

Irrespective of the shifting layout, a correlation of the canal cross section with excavated vessels of the 1st 

to 2nd century AD in the surrounding area highlights the speciic usability of the canal and the harbour 
of Voorburg-Arentsburg (ig. 5). Even huge lat-bottomed boats for inland navigation such as Zwammer-
dam 4, De Meern 1 or Woerden 7 could have passed the fairway due to their minimum draught and overall 
width between 2.5 and 5.2 m 52. Nevertheless, big vessels such as Zwammerdam 4 with an overall width 

around 5 m would have had problems at the crucial bottlenecks of the canal, which are no wider than 4.5 m 

according to published excavation data 53. While big lat-bottomed boats were able to carry up to 170 tons, 
the reduction to a width of less than 4.5 m minimises the cargo that could have been carried, if, at the same 

time, the draught was not increased 54. To move these vessels, a nearby towpath accompanying the fairway 

was used 55. 

Fig. 5 Idealized cross-section of the Fossa Corbulonis with cross-sections of contemporary vessels. – 1 Woerden 7. – 2 Zwammer-
dam 4. – 3 projection of the crucial bottleneck of the canal with a fairway width of only 4.5 m. – Dark blue: estimated maximum water 
level; light blue: estimated minimum water level. – (Graphics L. Werther / L. Kröger; based on de Kort / Raczynski-Henk 2014). 

Fig. 6 Idealized cross-section of the Fossa Corbulonis, with cross-section of a contemporary seagoing vessel. 1 Blackfriars 1. – 3 projec-
tion of the crucial bottleneck of the canal with a fairway width of only 4.5 m. – Dark blue: estimated maximum water level; light blue: 
estimated minimum water level. – (Graphics L. Werther / L. Kröger; based on de Kort / Raczynski-Henk 2014).
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However, it is evident in our opinion that the cross section is not constructed for bigger seagoing keelboats, 

like the 2nd-century vessel Blackfriars 1 from England, which were too wide (over 6 m) and too deep (about 

1.5 m) to cross the narrow and shallow sections of the canal (ig. 6) 56. Therefore, it is obvious that the canal 

was targeted to the riverine transport zone and not to the maritime network. According to the material cul-

ture in Forum Hadriani, the canal facilitated long-distance contacts on the waterway far away from the big 

rivers – and the harbour of Voorburg-Arentsburg worked as a port of transhipment, among other things, to 

supply the Roman military of the surrounding hinterland 57. 

CASE STUDY 2: THE KANHAVE CANAL

In contrast, our second case study is exclusively integrated in a maritime network: the Kanhave Canal (ig. 1, 
2) is located on Samsø, a Danish island between Jutland, Funen and Zealand in the southern part of the 

Kattegat without any contact to inland waterways (ig. 7) 58. The oldest part of the construction is dated by 

dendrochronology to the year 726 AD. It was in use at least around 750 AD (tree-ring dated repairs between 

741 and 759) and abandoned around 800 AD according to 14C datings of the canal ill 59. 

The canal cuts an isthmus west of the Stavns Fjord, which, due to sedimentation, has not been passable 

since the 1st century AD 60. Therefore, the canal offers a shortcut between Sælvig Bay in the west and the 

Stavns Fjord in the east, which is one of the safest natural harbours in the region. Wooden constructions 

from the 4th century AD and written sources from the 11th century onwards give proof of a long tradition of 

anchorage in the Stavns Fjord 61. Place names (for instance the term Snekke connected with navigation and 

warships) as well as early medieval inds pointing to the production of iron components for ships on Samsø 
close to the canal underline the naval character of the island 62.

Fig. 7 Topographic position of the Kan-
have Canal (red). – (Basemap SRTM-GDEM 
© NASA 2009, CCM River and Catchment 
Database © European Commission 2007; 
cartography L. Werther).
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The only weakness of the Stavns Fjord was the missing harbour entrance and exit to the west, which re-

sulted in long detours around the island for ships and leets which wanted to navigate between Sælvig Bay 
and the harbour 63. This time loss must have been so considerable that an artiicial entrance to the harbour 
was built – the Kanhave Canal. Therefore, a cut through the isthmus was realized in a straight line with a 

total length of about 500 m 64. In the east and in the west, the canal and the wooden timbering do not reach 

the modern shoreline, but several indications from the excavations point to an early medieval water level 

40-90 cm above the modern sea level 65. Consequently, the shoreline in the 8th century would have been 

further inland, offering direct access to the canal without an overland transport 66. The published data (early 

medieval surface: 1.75 m above NN; trench bottom: 10-20 cm below NN) points to an excavation depth of 

c. 2 m below the 8th-century surface and a consistent level of the trench bottom 67. 

Regarding its location, the Kanhave Canal is a shortcut canal (ig. 2, 2), which optimizes the transport zone 

around Samsø in the southern Kattegat, but causes no far-reaching changes in the entire harbour network, as 

there are nearby alternative waterways. Furthermore, the canal connects two waterbodies on a homogeneous 

level (ig. 3, 2). Practical use and motivation for the construction are not documented in the sources 68. Never-

theless, there seems to be a consensus that the canal and the Stavns Fjord had a military purpose as an early 

naval base to control the southern part of the Kattegat. The canal is undoubtedly part of a group of previously 

unknown large-scale infrastructures connected to the control of navigation – among them the sea defences 

of the harbour Gudsø Vig and the Schlei fjord close to Haithabu – which were built in the early 8th century 

around the southern Kattegat 69. Nørgård Jørgensen associates this tremendous effort with the »introduction 

of the ›modern‹ ship type (the sailing ship) [which] led to a revolution for both commerce and navy« 70. 

Based on the excavated cross sections, we once more considered the question of the types of vessels which 
could have used the Kanhave Canal (ig. 8). The excavations show a total fairway width of about 11 m at 

the top 71. Due to sloping banks on both sides with massive timbering, the inner part with the maximum 

water depth is about 9 m wide 72. As the canal bottom of the 1995 excavation has been documented 10-

20 cm below NN and the early medieval water level »was 60-90 cm above present-day level«, the actual 

water level in the canal fairway in the 8th century must have been c. 70-110 cm 73. Due to the connection to 

the Kattegat, the canal was inluenced by the tides. Even if the tide is of secondary importance in Skager-
rak and Kattegat in general, for a canal with a minimum water level of 70 cm, 20 cm less water under the 

keel may have been critical for navigability of the fairway 74. Therefore, during low tide the canal may have 

worked like a mixture between waterway and portage to move big seagoing ships like the Oseberg ship, 

Fig. 8 Idealized cross-section of the Kanhave Canal, with cross-sections of contemporary vessels. – 1 Oseberg. – 2 Kvalsund. – Dark blue: 
estimated maximum water level; light blue: estimated minimum water level. – (Based on Nørgård Jørgensen 2002a; graphics L. Werther / 
L. Kröger).
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dated c. 820 AD with a draught of c. 80 cm, from one side to the other, half swimming and half slipping 75. 

Smaller vessels with a minimum draught like the Kvalsund boat may have navigated the canal also during 

low tide with a water level of around 50 cm. It is uncertain when the sail was introduced as a permanent 

feature into the region of Jutland 76. The vessel of Gredstedbro, dated after 630 AD, is not preserved well 

enough to show traces of a mast step 77. Also the ind of the Kvalsund boat, dated to around 700 AD, has 
been reconstructed without a sail 78. On the other hand, the well-preserved grave ship of Oseberg, dated 

to 820 AD, has a strong mast and was prepared for long-distance sailing 79. Therefore, the canal was con-

structed in a period of far-reaching innovation in northern shipbuilding. Although the design of the cross 

section of the early rowing vessel is close to the later boats it for sailing, the draught can differ on a great 
scale. On the other hand, even for later sailed vessels of the 11th century, the channel size would still have 

been suficient without any problems 80.

CASE STUDY 3: THE FOSSA CAROLINA

Our last case study will highlight a watershed or connection canal, which is the most inluential type of ar-
tiicial waterway and the pivotal point of our project: the Fossa Carolina or fossatum magnum (ig. 1, 3) 81. 

In 793, Charlemagne initialized a large-scale hydro-engineering project to bridge the European watershed 

between the Rhine and Danube by means of a canal (ig. 9). Written sources describe the building process in 

Fig. 9 Topographic position of the Fossa Carolina (red) with the Main European Watershed. – (Basemap SRTM-GDEM © NASA 2009, 
CCM River and Catchment Database © European Commission 2007; cartography L. Werther).
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Fig. 10 Synthetic longitudinal proile of the Fossa Carolina from Graben to Rezat River. The red line shows the Pre-Carolingian surface 
and watershed, the red dot indicates the summit of the natural watershed. The short horizontal bars feature the Carolingian levels of ex-
cavation deduced from the drilling stratigraphies, while the blue dot indicates the artiicial summit of the Carolingian trench bottom. The 
solid black line represents the level of the recent trench surface following the course of the canal. – (After Zielhofer et al. 2014, ig. 15). 

Fig. 11 Reconstruction of the wooden 
construction of the Fossa Carolina based 
on the excavation in 2013 with original 
timber. – (Graphics L. Werther / F. Herzig).

Fig. 12 Timbering of the canal fairway 
of the Fossa Carolina during the excava-
tion 2013, dated to 793 AD. – (Photo 
L. Werther).
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great detail and the dating is precisely conirmed by dendrochronology 82. The archaeological remains of this 

attempt are still visible between the Rivers Altmühl and Rezat south of the modern town of Nuremberg 83. 

Similarly to the Kanhave Canal, we do not know the essential motivation to build this canal – but the royal 

initiative is unquestionable in this case 84. The early 9th-century Annales qui dicuntur Einhardi describe the 

incompletion of the construction and, due to heavy rain and unstable sediment, the abandonment of the 

project 85. Nevertheless, the stage of completion in different sections of the canal is unclear and the subject 

of our current research – at least for some parts of the fairway there is (geo)archaeological and geophysical 

evidence that the construction was ready for use 86. 

The total length of the canal is about 3 km, but the northern and the southern ends are not veriied yet 87. 

The altitude difference between the River Altmühl and the watershed lies at c. 13 m – demonstrating a com-

pletely different scale and challenge compared to the other case studies 88. This resulted in an extraordinary 

excavation depth of more than 10 m in unstable sandy and loamy sediments, which seem to have caused 

severe static problems in the construction pit – as described in the written sources 89. Numerous drillings 

indicate that the canal was constructed as a stepped chain of ponds with a summit level (ig. 10) which was 

supplied by the nearby River Rezat (ig. 3, 3) 90. Therefore, the Fossa Carolina is a connection canal (ig. 2, 
3) bridging a watershed between two independent riverine transport zones. As there is no alternative wa-

terway, this canal would have changed the entire network of inland harbours in the catchments of the Rhine 

and Danube profoundly 91. 

Only one other such attempt to bridge the main European watershed in the 1st millennium AD in central 

Europe can be found: according to Tacitus, there had been planning for a canal to connect the Moselle and 

Sâone in 55/56 AD, but the project was never realized 92. This canal would have connected the entire Roman 

harbour network of the Rhine with the harbour network of the Rhône 93. Therefore, it would have solved 

the dificulties of a discontinuous waterway or as Tacitus describes it, the itineris dificultatibus navigabilia 

between the Mediterranean Sea on the one hand and the North Sea on the other hand 94. The enormous 

impact of such a cross-watershed connection between the Rhône and Rhine in the Roman period as well as 

between the Rhine and Danube in Carolingian times is more than evident.

As for the other case studies, we also tried to answer the question which vessel types the Fossa Carolina was 
suitable and constructed for. In 2013, an archaeological excavation in the northern part of the Fossa Caro-

lina resulted in numerous details about the fairway construction, which were complemented by drillings 

and geophysical measurements (ig. 11) 95. Both banks of the fairway were stabilized by wooden timbering 

which had been hammered down in two parallel lines side by side (ig. 12) 96. In the excavated section, the 

fairway has a clear diameter of 5.2-5.3 m 97. The good preservation of the wooden construction allowed for 

a reconstruction of the minimum water depth between 0.5 and 0.6 m 98. 

The dendroarchaeological analysis of a sample of construction timber demonstrates that the whole wood-

working process for the excavated section was carried out between the summer and autumn of 793 in the 

surroundings of the construction site 99. If this is representative for the entire construction, a huge force of 

workers operated in a very short period to realize this ambitious task before winter came. Nevertheless, if 

the written sources are reliable in this point, the work started too late in the year and bad weather washed 

away Charlemagne’s dreams of a connection canal 100.

Nevertheless, the excavated ready-to-use section highlights the usability of the canal compared to contem-

porary vessels (ig. 13). In the regional surroundings, there are almost no early medieval shipwrecks except 

for isolated logboats on the River Main further north 101. Even for the biggest logboats such as the Stettfeld 

vessel (9th century AD, width 68 cm), navigation in the fairway of the Fossa Carolina would have been 

trouble-free 102. Concerning the navigability for bigger vessels, we compared the fairway with Carolingian 

boats excavated on the Rivers Rhine and Weser, although it is uncertain if they are in fact characteristic of 
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the riverine transport further south. Medium-sized lat-bottomed boats of the 8th/9th centuries AD like the 

examples found in Krefeld-Gellep (width 2.8 m), Kalkar-Niedermörmter (width 2.5 m, height 0.6 m) and 

Bremen (width 1.9 m, height 0.8 m) with a shallow draught were able to navigate the Fossa Carolina fully 

loaded without any restrictions 103. This is conirmed by excavations of early medieval harbour installations 
and the associated river course (width 6-7 m, medium depth 0.7 m) in Großhöbing, some 30 km east of the 

Fossa Carolina and close to the watershed 104. 

NAVIGABLE CANALS IN THE 1ST MILLENNIUM AD – SYNTHESIS AND OUTLOOK

The case studies represent a big range of canal types which modiied the affected harbour networks in 
different ways. Regardless of the individual motivation and purpose, every canal documents the essential 

technical needs which have been crucial in a speciic transport zone concerning fairways, vessels – and also 
harbours. We ind it striking that in antiquity as well as in the Middle Ages engineers tried to modify condi-
tions and connectivity inside and between certain transport zones with such an immense effort. Neverthe-

less, the intended beneit of canals was all but permanent and often very short-lived, if they were inished 
at all. The enormous effort to build and maintain canals and also changing natural conditions favoured a 

fast abandonment in many cases 105. 
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Summary

Big navigable canals – fossata magna – are crucial parts of the European harbour network in the 1st millennium AD. 
By means of canals, site conditions at transition zones of the transportation network were artiicially modiied. Water 
depths and fairway widths of canals relect speciic requirements regarding the accessibility of inland harbours and 
waterways in the adjacent transport zones. These requirements signiicantly depend on the size of ships. In our study 
we present a supraregional and diachronic comparative approach, integrating canal parameters and ship indings. 
Our pivotal point is the Fossa Carolina or fossatum magnum (Germany), constructed in 793 AD to bridge the main 
European watershed. The 8th-century Kanhave Canal was cut through an isthmus on Samsø island (Denmark) to avoid a 
lengthy detour and to offer direct access to a safe natural harbour. The Fossa Corbulonis, built around 50 AD by Roman 
military, bridged the watershed between the Rivers Waal and Maas (Netherlands) to avoid a dangerous coastal route. 
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