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The Stella River (Udine, Italy) was in antiquity one of the most important watercourses of the Friuli Venezia Giulia Region, 

its relevance residing in that it connected the populations living in the foothills of the Alps to the ones living near the Adriatic 

coast. The Anaxum Project (named after the Roman appellation for the river), a partnership between the Department of 

Humanities and Cultural Heritage of the University of Udine and the local Archaeological Superintendency, aims to 

reconstruct the history of the Stella River basin focusing on human-landscape relationships through time. 

This article describes the part of the project focused on the study of a Roman shipwreck area; in particular, the relationship 

between the remains of a barge and a spread of archaeological material, which without a break stretches north of the hull 

for tens of meters. 

The aim was to find out if this material could be part of the cargo of the same wreck, to assess the original dimensions of 

the boat, as well as to ascertain the dynamics of the sinking and post-depositional events. Thanks to the methodology used 

during the underwater archaeological research, it was possible to establish in the whole area investigated the 

homogeneous presence of tegulae (roof tiles) equal to those that were part of the known cargo of the ship; the presence of 

the same producer names on the tegulae stamps provides the most solid proof that the spread of archaeological material is 

linked with the barge. 

However, it seems unlikely that all of the tegulae recovered were on the same boat. In accordance with the stowage 

scheme observed, the boat could not be laden with more than 55 tegulae per linear meter. This means that even if we do 

not consider the fact that we have partial data (many tiles are still on the river bottom), at its widest part the vessel would 

have been over 13 meters to accommodate all recovered tiles. 

At present, one explanation could be that this archaeological site represents a convoy and that a second vessel might have 

been involved in the sinking. 
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Introduction 

 

The Stella river, the ancient Anaxum of Pliny1, is the most important artery of groundwater-fed river in the 

Friuli Venezia Giulia region (Fig. 1) and puts the middle and lower plains in contact with the Marano lagoon and 

therefore the northern Adriatic2. Generated mainly from an underground strata of water, it is characterized by a 

water flow that is roughly steady in every season, unlike the other great rivers of this region such as the Ta-

gliamen

                                                           
1 PLINY, NH, III, 126. 
2 CAPULLI 2014a: 20-25. 
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Fig. 1. Stella River localization (created by Fabio Case). 

 

 

gliamento or the Isonzo, which instead have a torrential flow regime3. This characteristic has made the Stella a 

privileged waterway in every era, since it is one of the most northerly points of the entire Mediterranean sea 

that is always navigable. 

In the Roman era, it was part of the Aquileia transmarine system4. In fact, in ancient times, before flowing 

into the Northern Adriatic, it intersected both the consular Via Annia5, and the route within the lagoon that con-

nected Aquileia to Ravenna6. The latter consisted of an articulated system of waterways (rivers, canals and la-

goons) that offered the advantage, when compared to the coeval marine route7, of being able to be used cum 

venti saevientibus mare fuerit clausum, as Cassiodorus reports8. 

The river has preserved many traces of this rich past since the Neolithic period9, which is attested by arti-

facts recovered duringt underwater surveys such as a Middle Bronze Age sword10 or a stamped ingot from the 

Roman period11, and by underwater archaeological campaigns promoted by the Archaeological Superintenden-

cy. This is the case of the Stella 1 shipwreck, which underwent an excavation at the end of the 90s that ended 

with the recovery of part of the cargo that rested on the hull12. 

                                                           
3 FONTANA 2009: 288-289. 
4 CAPULLI 2010: 89-107. 
5 GALLIAZZO 1994: 139; GALLIAZZO 1995: 536-547. 
6 UGGERI 1990: 175-196. 
7 CAPULLI 2013: 18-23. 
8 CASSIODORUS, Variarum libri, XII, 24. 
9 FERRARI, PESSINA 1996: 81-92; PESSINA 2006: 279-301; FONTANA, PESSINA 2011: 137-144. 
10 BRESSAN 1997: 446-450. 
11 VITRI et al. 1994: 290-291; CAPULLI 2017a: 217. 
12 VITRI et al. 1999: 435-440; CAPULLI 2018: 303-316. 
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Anaxum Project 

 

Considering the potential of this river, the idea of creating an “Archaeology of Waters” project was born, 

which in a river context should be understood as the study of what has been preserved over time of the activity 

promoted by humans on the river, in the river, and around the river: whenever the river has been the reason of 

the choices settled or productive. Thus, in 2011, the Anaxum Project – Archaeology and History of a River 

Landscape – of the University of Udine and in collaboration with the Superintendence, began with the primary 

objective of studying the archaeological landscape of the Stella River on the basis of existing documentation, 

non-invasive methods of investigation, and targeted archaeological excavations. Other scientific institutions 

have contributed to the project since the beginning: Texas A&M University13 and the Institute of Nautical 

Archaeology14, specialized in naval archaeology, as well as the Department of Geosciences of the University of 

Padua, for the geomorphological aspect, and the Department of Mathematics and Geosciences of the 

University of Trieste, for geophysical exploration. 

The “engine” of the Anaxum Project is therefore an interdisciplinary research group that experiments and 

develops innovative techniques in the field of fluvial archaeology, to be exported to other watercourses15, while 

using the Stella River as a laboratory for the training of underwater archaeologists in a problematic environment 

and presenting different types of material evidence16.  

The research was carried out in the stretch of river between the municipalities of Palazzolo dello Stella 

and Precenicco concerned the Via Annia Bridge, the shipwreck of Precenicco, and the Stella 1 site (Fig. 2). 

 

 

 
Fig. 2. Anaxum Project research area (created by Massimo Capulli; background Image © 2019 Google). 

 

 

                                                           
13 FOZZATI et al. 2012: 17-19. 
14 CAPULLI, CASTRO 2012: 15. 
15 BARTOLI et al. 2012: E1-E9; CAPULLI et al. 2013: 185-198. 
16 CAPULLI 2014b: 13-16; CAPULLI 2015: 26-31. 
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The site of the Via Annia Bridge, discovered in 198117, is located about 80 meters downstream of the 

bridge of Highway 14 near the city of Palazzolo dello Stella and consists of five structures made of sesquipedali 

Norditalici brick18, in the variant of 28x43x6 cm, bound by mortar, with elements of stone blocks. Radiometric 

dating, carried out on five samples taken from the foundations of the structures, returned a date for the struc-

ture of the second half of the 2nd c. B.C., which is consistent with the historical sources relating to the construc-

tion of the Via Annia, variously dated to 153 B.C.19 or 128 B.C.20. During the last few years, a boost to research 

has been possible thanks to the three-dimensional photogrammetric survey of some of the structures of the 

bridge with the Computer Vision (Structure from Motion) technique, as the strong current makes it particularly 

difficult to apply direct survey techniques here. 

The shipwreck of Precenicco, exposed in 2012 during civil works a few meters from the west bank of the 

Stella River, is the remnant of a hull dated to the 12th-13th c. A.D. by C14 analysis. It is a flat bottom boat with-

out a keel, but presents curved sides and a smooth turn of the bilge, atypical in riverboats. Moreover its internal 

structure, with alternating L-shaped floor timbers and only one futtock per frame, is a singularity, both for Italy 

and for the rest of Europe21. The salvage excavation lasted just over a month at the end of the summer in 2014, 

but it is currently in a vat still awaiting restoration. 

 

Stella 1: the shipwreck area 

 

The first excavations of the Stella 1 shipwreck site in 1998 and 1999 did not conduct a detailed study of 

the hull and instead focused mainly on the cargo22, which consisted almost entirely of building materials, tegu-

lae (flat tiles with raised edges), in particular of which 17 have stamps23. As part of the Anaxum project, the hull 

was brought to light again and then measured, as well as analyzed for its technical construction24.  

In this sector, the river channel is U-shaped and is incised for about 6 m in the clayey silty deposits of the 

last glacial maximum25. At the bottom of the riverbed, the erosive action of the stream exposed a horizon of 

peat with a thickness of almost 10 cm, which is partly overed by a thin discontinuous layer of fine gravels. This 

also partly covers the archaeological remains and corresponds to the residual lag layer moved by the stream. 

The Stella River is fed by springs of groundwater originating in the alluvial plain; thus, it transports only the sed-

iments it eventually erodes from along the banks and the bottom of the channel.  

 

The wreck 

 

The boat, dated to the end of the 1st c. A.D., lies at a depth of between 4.6 and 5.6 m along the east 

bank of the river, and is oriented almost perfectly N-S, thus forming an angle of about 45° with the axis of the 

river. The wreck is a flat-bottomed barge26 with a maximum width of just over 2 meters, a measurement that 

should be similar to that of the original boat, while the length has been preserved to only 5 m (Fig. 3). 

Unfortunately, neither the bow nor the stern of the boat have been preserved, but the closing curvature of the 

bottom at the western end suggests it is close to one of the ends. From a construction point of view, the hull is 

part of the tradition of sewn boats27, built according to the load-bearing shell construction system28, where the 

assembly of the planking is joined by ligatures of vegetable fibres, here passed through circular holes and 

blocked by truncated conical pegs29. 

                                                           
17 FOZZATI, CAPULLI 2014: 147-52. 
18 RIGHINI 1990: 257-296. 
19 GRILLI 1979: 242-43. 
20 BOSIO 1991: 68-81; BANDELLI 1998: 151-152. 
21 CAPULLI 2017b: 131-34; CAPULLI 2019: 77-85. 
22 VITRI et al. 2003, 324-338. 
23 M. Albius Macrus (2 tegulae), M. Albius Rufus (2 tegulae), L. Epidius Theodorus (8 tegulae), C. Oppius Agathopus (1 tegula), C. 
Titius Hermerotis (2 tegulae), Valeriae Magnae Epidian (2 tegulae). 
24 CAPULLI, CASTRO 2014, 35-41; CASTRO, CAPULLI 2017, 425-430. 
25 LGM; cf. FONTANA 2006: 92-100. 
26 Fluviatiles naves, ad superanda vada stagnorum apte planis alveis fabricates (Livius, X, 2) 
27 CAPULLI et al. 2014: 215-218. 
28 POMEY, BOETTO 2019: 5-15. 
29 CASTRO, CAPULLI 2016: 30. 
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Fig. 3. a) Plan view of the Stella 1 wreck; b) longitudinal view with side planks; c) section view of the floor timbers with short arms (created 
by Filipe Castro and Kotaro Yamafune). 

 
 

Comparing the structural data, the result of the survey conducted within the Anaxum project, with those 

relating to the load in situ where the stowage system was observed at the end of the 1990s30, some hypotheses 

can be advanced. In fact, even if the depth of the hold angle is unknown, if we consider that the tiles stacked on 

the floor were about 60 cm h., it is presumable that the sides of the boat were about 70/80 cm, thus creating an 

angle of about 75° with the vertical, and therefore resulting in a draught between 25 and 50 cm. From a load 

capacity point of view, this means that in the widest part of the boat (known), it would respectively have 

received a buoyancy thrust of 500-1000 kg per meter of length (unknown). 

 

Objectives 

 

Starting from these observations, the presence of a large amount of materials on the riverbottom, despite 

the recoveries of the 90's, posed a legitimate question about the nature of this deposit. Based on previous 

excavation reports, we believed that the entire load had been recovered, or at least that there were only 

residual elements in the river. However, from the very first dive, it became clear that there was a vast area of 

dispersion of artifacts. After the nautical study of the hull, we decided to investigate this area, which without a 

break stretched north of the hull for tens of meters. 

                                                           
30 Figure 2 in VITRI et al. 2003: 327; here Fig. 7. 
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The aim was to find out if this material could be part of the cargo of the same wreck and to assess the 

original dimensions of the boat, as well as to ascertain the dynamics of the sinking and post-depositional 

events. 

 

Methodology 

 

After a first survey aimed at establishing the boundaries of the entire area, which had a maximum size of 

about 8x60 m, it was decided, for reasons of simplicity and safety, to materialize the work area by squares of 2 

by 2 meters. 

This is a classic method in underwater environments, where it is more difficult to follow the layers by ex-

tension. But in a river it is also a practical necessity. There is always water in motion with a current that varies 

depending on the tide. If there is low tide in the nearby lagoon, the river runs so fast that it is absolutely impos-

sible to dive: the current literally tears off a diver’s mask. The other way around, when the tide is high, the river 

slows down and produces optimal conditions for diving. However, the height and hour of the tides, in accord-

ance with the moon calendar, change every day. This means that underwater activity must be planned day by 

day and only in the short time-window that the tide allows. 

The square system is also useful for underwater navigation. Poor visibility, between 0 and 150 cm, never 

allows an overview of the whole site and requires divers with a high sense of orientation as well as the ability to 

store portions of the site to be reassembled in a mental photomosaic. 

The fixed squares were carried out through helicoidal stakes, screwed in the bottom and georeferenced, 

and cords, while a metal movable square, divided into 25 sub-squares of 40 cm sides, was used during the ex-

cavation of each fixed unit. 

From an operational point of view, we had identified a baseline, located about four meters north of the 

hull, from which to begin with the recovery of the most reliable deposit. This was due to the fact that during the 

1990s excavations the finds were selectively recovered and some of the heavier objects (large fragments of 

tiles) were moved and used to secure the geotextile coverfor the hull. We then divided our 8 meter “starting 

line” into four lanes (2 meters each) called A, B, C, and D moving from the center of the river to the bank. Each 

alphabetical lane was then numbered every 2 meters, starting from number one, as you move away from the 

shipwreck (Fig. 4).  

 

 

 
Fig. 4. Dispersion area (created by Fabio Case; background Image © 2019 Google). 
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Fig. 5. Underwater recordings (picture by Massimo Capulli). 
 

 

The underwater operations for each square can be summarized as follows: hand cleaning and excava-

tion with a water dredge, planimetric drawing of artifacts in situ, and complete recovery of archaeological mate-

rial. The divers (all university students: from BA to PhD) had at their disposal a slate on which was placed a 

transparent plastic sheet with a grid printed on it and a series of plastic bags and pre-numbered tags. Thus, 

during the recording, they could draw the artifacts, record the tag number on the sheet, then tag and bag the 

artifacts immediately after documentation (Fig. 5). This operation concerned only the diagnostic findings - han-

dles, hems, tips, etc.- while other non-diagnostic materials, such as broken bricks, tegulae, and imbrices 

(curved roof tiles), were recovered without discrete tag numbers. 

Once on the surface, all the material were washed, divided into different typological classes, and then in-

dependently weighed. 

This allowed us to have both the partial weight of each single class of material and obviously the overall 

weight for each single square and the entire area under investigation. Since the weight data is very important to 

calculate the size of the boat, in addition to this work, at a later stage, materials in the small area between the 

"zero line" and the hull were also recovered. This have been called “R” zone and it measured 8 x 4 meters. 

 

Results 

 

Following this methodology, we have excavated forty-eight squares to date, to which must be added the 

space between the zero line and the hull, for a total of 224 square meters. 

The amount of archaeological material already recovered is 9753.4 kg, but the weight varies a lot from 

square to square, ranging from 14.8 kg (A1) up to 447.8 kg (C6). If the outliers are excluded, 32 of 48 squares 

have a narrower range between 121 kg and 284 kg.  

However there is no regular increase or decrease of material, moving away from or approaching the hull. 

On the contrary, there are squares with a lot of material close to those that have little. However it should be 

emphasized that the material from Lane A, that is in the middle of the river, weighs 1524 kg while that coming 

from the other three lanes (B, C, D) weighs respectively 2566 kg, 2211 kg, and 2358 kg. 
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Fig. 6. Weight distribution of archaeological materials (created by Massimo Capulli). 
 

 

From the typological point of view, nearly three-quarters (74%) of the archaeological material recovered 

is made up of tegulae (7200.5 kg) (Fig. 6). Other construction materials make up a lesser extent of the material, 

including imbrices at 12% (1140.6 kg) and bricks at 7% (kg 732,1), with only a small part from pottery at 4% 

(365.2 kg) or other artifacts at 3% (315 kg). 

It is interesting to note that there is no zoning; in fact, each excavated square presents the same materi-

als and mostly the percentages are roughly equal. The tegulae represent always the largest part, ranging from 

53% (C1) up to 89% (D12), but if the extremes are excluded, 41 of 48 squares have a narrower range between 

65% and 85%. 

But the most interesting thing about the tegulae are the ones that have the stamp preserved. In the dis-

persion area, there were 33 stamped tiles found from 16 different squares, attributable to eight different produc-

tions31. Of these, six names are the same ones found on tiles recovered in the 90s. 

 

Discussion 

 

The amount of archaeological material already recovered, just under 10 tons from 224 m2 (43.5 kg / m2), 

clashes with the small size of the Stella 1 wreck. Also complicating the analysis of this site are the typological 

heterogeneity of the finds and the chronology that has come to be outlined. Indeed there are not only building 

materials, that can be dated to the 1st c. A.D., as ascertained up to now32, such as for example tegulae with 

stamps, but also considerable quantities of amphorae (including Lamboglia 2, Dressel 2-4, Dressel 6A, Dressel 

6B, Forlimpopoli and Africana), fine ceramics, coarse ware and coins, some of which securely date no earlier 

than the 2nd c. A.D. 

Considering only the tegulae, the total weight of the recovered fragments is currently 7200 kg. Knowing 

that the standard weight per unit is normally equal to or greater than 12 kg, a minimum number of tegulae can 

be estimated at no less than 600 tiles. But if we consider that 120 roughly intact tegulae were recovered in the 

1990s, we must say that the total number could have been no less than 720 tegulae, here on average 59 cm 

long, 43 cm wide and 7 cm thick. 

                                                           
31 M. Albius Macrus (4 tegulae), M. Albius Rufus (7 tegulae), L. Epidius Theodorus (2 tegulae), C. Titius Hermerotis (4 tegulae), 
Valeriae Magnae Epidian (7 tegulae), Cai (et) Marci Epidiorum (4 tegulae), L. Statii Iusti (2 tegulae). 
32 VITRI et al. 2003: 331. 
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Fig. 7. Stella 1 wreck: hull and cargo in situ based on excavations in the 1990s (created by Marta Marcolina). 
 

 
Fig. 8. Tegulae stowage system (created by Massimo Capulli). 
 

 

 

The stowage scheme can be observed in the planimetry of the '90 excavations (Fig. 7), which shows in 

the widest part three tegulae transversal to the shipline and five parallel (Fig. 8). 

So the boat could not have been laden with more than 55 tegulae per linear meter (each tegula measures on 

average 59 cm l., 43 cm w. and 7 cm th.). This means that even if we do not consider the fact that we have par-

tial data (many tiles are still on the river bottom) and that the boat was also carrying all the other goods, of 

which the weight is another 2553 kg, the boat at its widest part had to be over 13 m just for the tegulae. 
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Fig. 9. The stamps distribution into the research area (created by Fabio Case; background Image © 2019 Google). 
 

 

 

Conclusions 

 

The homogeneous presence of the tegulae equal to those that were part of the ship’s known cargo in the 

whole area investigated to date would already be good evidence of the depositional unity of this area with the 

shipwreck. But above all, the stamps provide the most solid proof. Six of the eight producer names found are 

the same as those found on the tiles recovered in the 1990s, and some of these are in the farthest excavated 

squares from the hull (D11, A12), about 30 m. away (Fig. 9). 

This does not mean that it is a one-to-one relationship. The materials recovered from the wreck are the 

same as ones recovered from the contiguous area, but the materials recovered from shipwreck area may not 

have been on this boat.  

The dimensions of a boat able to carry all this material, without considering that we have yet to recover 

artifacts from about half of the total area, should be so large as to make it non-functional, as it would have a 

length-width ratio of over 10 to 2.  

If we consider the shape of the wreck33, that the barge is not symmetrical and the widest beam is close to 

the end of the preserved length, there is a (small) possibility that this barge may have transported everything. 

One alternative explanation could be that it was part of a convoy and that a second vessel might have 

been involved in the sinking. This also must have occurred much further north, as the material area is north of 

the hull and the current in a river is always unidirectional.  

                                                           
33 CASTRO, CAPULLI 2016: 33. 
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Fig. 10. Connections of the Stella 1 shipwreck (created by Massimo Capulli; background Image © 2019 Google). 
 

 

At some point about eighty meters from the current wreck site, the sinking must have begun where one, 

or more likely two, boats began to lose their cargo, which spread out across the riverbed, until at least one final-

ly sank at the end of the process. If a second boat was part of the shipwreck event, it may have not been com-

pletely sunk but only overturned. In this case, it could have been taken away by the current or recovered by 

sailors in some way.  

Even more uncertain is the cause; we can think of a wrong maneuver and/or bad stowage of the load, 

but we are in the field of hypotheses that are currently groundless. 

But where the barge came from and where it was supposed to go. The great majority of the tegulae with 

these stamps are widely attested along the river, as well as in the rest of the region, and the production centers 

seem to have been identified along the river Stella. This is the case of the furnace in Casali Pedrina site, that is 

just 5 km from the shipwreck as the crow flies34. The presence of clay sources, the abundance of water, the ex-

istence of large woods, made the Stella basin one of the most important ceramics production centers of Aquile-

ia area. The land routes and especially the navigable ones have favoured the distribution of these artifacts 

throughout the Adriatic Sea. At the moment, we do not know if the transshipment of the cargo into ships suita-

ble for seagoing navigation took place at the harbour of Aquileia35 through the river Natissa or at the mouth of 

the river Stella, perhaps near the lagoon island of Bioni (Fig. 10), where are several Roman archaeological evi-

dences and it also looks like a port of call36. 

                                                           
34 MAGGI 1998: 82-112; CARRE, ZACCARIA 1989: 358-361. 
35Nona inter claras Aquileia cieberis urbes, Itala ad Illyricos obiecta colonia montes, moenibus et portu celeberrima (Ausonius, Or-

do urbium nobilium, 9). 
36 AURIEMMA, MAGGI 2012: 7-24. 
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