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ABSTRACT. Twelve monoxylous boats were analyzed from different provinces of northern Italy by radiocarbon and dendrodating. Most of them were dated in the range 6th–12th centuries cal AD. All boats were made from single tree trunks containing ~50 to ~250 tree rings. The results from archaeometric dating in logboats confirm that these kinds of vessels remained
practically unchanged for centuries and were in use until recently. The technical features are more strictly related to local traditions than to chronology.

INTRODUCTION

During the last 2 centuries, but especially in the second half of the 20th, many monoxylous boats
were rescued in Italy as a result of severe droughts or flooding events or during engineering works.
A genuine catalog or an up-to-date review of the findings is not yet available, but we can now count
at least 160 logboats found in freshwater (lakes, rivers, and marshes) or in lagoons in northern Italy.1
All these boats are made by carving a single tree trunk. Because of its simplicity of structure and
technology, the early vessel design could last for millennia: in Italy from at least the early Neolithic,
as documented in the pile dwelling at La Marmotta (Fugazzola Delpino and Mineo 1995), to the
20th century AD, as attested by ethnographic sources (Medas 1997). After the 1970s, thanks to the
development of Italian studies in nautical archaeology, it became clear that these kind of vessels—
despite their “primitive” shape—did not always date back to Prehistory. Thus, the research began to
focus on their chronological assessment. Unfortunately, because of the conditions of discovery, a
chronological indication coming from stratigraphy or associated finds was not always possible for
these vessels.
Different chronotypological sequences, based mainly on morphological features and on a few radiocarbon ages, were proposed in the 2 main reviews of monoxylous crafts in Italy by Cornaggia Castiglioni and Calegari (1978) and Bonino (1983). However, recent studies demonstrate that the shape
and technical characteristics of monoxylous crafts are more strictly related to their use, to the characteristics of the water basin of destination, and local tradition and less to their epoch of construction
(Medas 2003a). Archaeometric methods of dating are therefore essential for the study.
Since 1993, one of the authors (NM) has been involved in the study of some Italian monoxylous
boats for absolute dating, where both dendrochronology and 14C dating are used for the purpose.
Dendrochronology can provide annual resolution dates, but it is not always successful, especially
when working on single individual curves and/or in areas lacking local reference chronologies. 14C,
on the other hand, gives a date for every measured sample, but cannot result in an exact date to the
year. In addition, the connection between dendrochronology and 14C analysis, when possible, provides essential information such as the position of the 14C sample in the tree trunk and the number
of rings dated.
1 Besides

the papers quoted in the text, studies on logboats from northern Italy are scattered in many specific articles of local
interest, e.g. Ceserani Ermentini 1983; Berti 1986; Medas 2003b.
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Figure 1 Map of northern Italy with location of the rescue sites. 1: Lodi (Lodi 1); 2: Corte dei Frati (Oglio 1), Scandolara Ripa d’Oglio (Oglio 2); 3: Piadena (Oglio 3); 4: Boretto (Boretto 1); 5: Tencarola di Selvazzano (Selvazzano 2);
6: Piazzola sul Brenta (Eremitani 1 and 3), Curtarolo (Eremitani 2 and 4); 7: Lova (Lova 1); 8: San Giorgio di Nogaro
(Zellina 1).

MATERIALS AND METHODS

All 12 monoxylous boats considered in this paper come from northern Italy; they were discovered
during the 20th century along the banks of the rivers Po, Adda, Oglio, Bacchiglione, Brenta, and
Zellina (Figure 1). Only 1 vessel from Lova comes from an old canal (Canale Cornio) in the area of
the Lagoon of Venice and was discovered at the end of the 19th century (Martinelli and Pignatelli
1999). Almost all the boats are made from a single oak tree trunk (Quercus sp. or Quercus sp. Sez.
ROBUR)2, the only exception being that of the pirogue from Lodi, made from a chestnut tree trunk
(Castanea sativa Gaertn). Unfortunately, some of the logboats are not complete, but their size in
terms of length are notable: the shortest is that from Lova (about 6 m), while the others range
between 8 m (Pieve di Curtarolo) and 15.75 m (Tencarola di Selvazzano) in length.
Dendrochronology was applied to 9 oak specimens for high-precision dating and to collect floating
sequences for a database dedicated to building a centuries-long oak standard curve for Italy, which
is still lacking despite the good suitability of Italian oak wood for dendrochronology and the numerous investigations carried out in the last 20 yr (Martinelli 2005). Samples were taken by means of
semi-nondestructive methods; traditional tree borers and borers appropriate for waterlogged wood
(Barthe et al. 1999) were used for extracting cores (Figure 2), at least 2 from each boat. In a few
cases, we could do direct tree-ring measurements with a hand lens.
2 Wood identification was carried out by Olivia Pignatelli, according to microscopic features as reported in Cambini (1967a,b)

for Italian oaks; section ROBUR (Quercus sp. Sez. ROBUR) includes 3 species: Quercus robur L., Quercus petraea Liebl.,
and Quercus pubescens Willd., hard to distinguish from each other solely on the basis of their wood anatomy.
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Figure 2 Sampling the logboat from Lova with a tree borer in the Museum of
Natural History of Venice

Tree-ring analysis was carried out on almost all the boats in order to select the location with the outermost tree rings as samples for 14C dating too, thus trying to avoid the “old-wood effect.” With 1
exception (Zellina 1), due to its submerged condition, we obtained wood specimens from the outermost tree rings present on the vessels.3 In only 3 cases (because of wood working) are they made of
sapwood (Boretto 1, Eremitani 1, and Eremitani 4), so some of the ages could be a little too old.
Most samples for 14C dating consist of small pieces (from 1.38 to 10 g) for accelerator mass spectrometry (AMS) or liquid scintillation counting (LSC) techniques, taken along pre-existing cracks
or from cores extracted for dendrochronology. Some of the boats studied were only dried before dating and in other cases sampling was carried out before restoration, so no contamination should have
affected the material.
RADIOCARBON ANALYSIS

Krueger Enterprises Inc. (Cambridge, Massachusetts, USA) was involved in 14C analysis of the
specimens. Measurements were made at the Geochron Laboratories of the Krueger Enterprises Inc.
(GX-19034 and -28913), at the Center for Applied Isotope Studies of University of Georgia (samples GX-31168 through -31171), at the AMS facility of Lawrence Livermore National Laboratory
(GX-24445), and at the AMS facility of Oxford University (GX-20948). The samples marked LS
(GX-23973 and -30862) have been analyzed by the LSC technique and the remaining samples without any additional indexes have been analyzed by gas proportional counting (GPC).

3 The

sample from the boat Zellina 1 was taken by the archaeologist Francesca Bressan; samples from Oglio 2 and Lodi 1
were taken by the paleobotanist Mauro Rottoli; all the other samples were taken by one of the authors (NM).
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AMS samples have been prepared at the Geochron Laboratories of the Krueger Enterprises Inc. with
the same pretreatment: every wood sample was treated with 5% HCl at a temperature of 80 °C for
1 hr, then washed a with deionized water on a fiberglass filter, and rinsed with diluted NaOH to
remove possible contamination by humic acids. The samples were then treated with diluted HCL
again, washed with deionized water, and dried at 60 °C.
For AMS analysis, the cleaned sample was combusted at 900 °C in evacuated/sealed ampoules in
the presence of CuO. The resulting carbon dioxide was cryogenically purified from the other reaction products and catalytically converted to graphite using the method of Vogel et al. (1984). Graphite 14C/13C ratios were measured using the CAIS 0.5MeV accelerator mass spectrometer. The sample ratios were compared to the ratio measured from the oxalic acid I standard (NBS SRM 4990).
The sample 13C/12C ratios were measured separately using a stable isotope ratio mass spectrometer
and expressed as δ13C with respect to PDB, with an error of <0.1‰.
For liquid scintillation counting, the wood sample have been combusted in a Parr bomb under oxygen pressure. The recovered carbon dioxide has been cryogenically purified and converted to benzene on a V-Al-Si catalyst. The activity of the sample has been measured on the liquid scintillation
ultra-low-level beta spectrometer Quantulus 1220 and reported as the 14C age.
For gas proportional counting, the wood samples were combusted in a Parr bomb under oxygen
pressure. The recovered carbon dioxide has been cryogenically purified and converted to methane
on a Ru-Al2O3 catalyst. The sample 13C/12C ratios were measured separately using a stable isotope
ratio mass spectrometer and expressed as δ13C with respect to PDB, with an error of <0.1‰. The
activity of the sample has been measured on custom-made gas proportional counters and reported as
the 14C age. The sample ratios were compared to the ratio measured from the oxalic acid I standard
(NBS SRM 4990).
The quoted uncalibrated dates have been given in 14C yr before 1950 (yr BP), using the 14C half-life
of 5568 yr. The error is quoted as 1 standard deviation (1 σ) and reflects both statistical and experimental errors. The dates have been corrected for isotope fractionation.
DENDROCHRONOLOGICAL ANALYSIS

The cross-section of the wooden specimens was prepared using a razor blade until an optimal surface resolution was obtained. Ring widths on the cores were measured to the nearest 0.01 mm, using
the LINTAB device by F Rinn. For direct tree-ring measurements on the boats, a PEAK hand-measuring lens with accuracy to the nearest 0.1 mm was used. Data were collected and stored using the
CATRAS® and TSAP® programs (Aniol 1983; Rinn 1996). Crossdating was accomplished by visually checking the curves and by time series statistics, by calculation of well-established statistical
parameters such as tBP (Baillie and Pilcher 1973), GLK% (Eckstein and Bauch 1969), DateIndex
(DI) (Schmidt 1987), and the percentage of agreement in pointer years (Aniol and Schmidt 1982)
provided by the CATRAS and TSAP computer programs. All data were processed according to standard dendrochronological procedures (Fritts 1976; Baillie 1982; Cook and Kariukstis 1990).
Absolute dating could be tested against the south German oak master curve established first by B
Becker at Stuttgart-Hohenheim (Friedrich et al. 2004; M Spurk, personal communication). Currently, the only Italian dendrochronological standard curves that extend from the present to the early
Medieval period were built for coniferous wood; an oak standard curve is not available. Some oak
regional sequences were dated through wiggle-matching—a combination of tree-ring and 14C analysis—and pertain to the Bronze and Iron ages as well as to the early Medieval period (Martinelli
2005).
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RESULTS AND DISCUSSION

The tree-ring sequences from the oak monoxylous boats are from 50 to 244 yr long. From the
pirogue Oglio 2, we obtain 2 series: from the hull and from a movable board. The tree-ring series
were compared with each other as described above, but they do not crossdate. Thus, we could establish 10 single raw-data dendrochronological curves for absolute dating (Table 1).
Due to the lack of a standard oak chronology for northern Italy, the raw-data series from the boats
were compared with the south German Hohenheim chronology, without finding any match.
Attempts to crossdate oak sequences from archaeological sites south and southeast of the Alps
against central European master curves have usually been unsuccessful (»ufar and Martinelli 2004;
Martinelli 2005; Haneca et al. 2009). However, thanks to the existence of a Venetian oak mean
curve, dated via the wiggle-matching method to the period 450–720 cal AD, ±21 yr (2 σ), a logboat
from Tencarola di Selvazzano, near Padua (Selvazzano 2), was dated by dendrochronology, with the
last ring dated to 727 cal AD (±21 yr) (Martinelli and Kromer 2002).4 Because the sapwood was
absent, the terminus ante quem non for the construction of the vessel corresponds to 738 cal AD
(±21 yr), according to the sapwood estimates for Italian oak by Corona (1970, 1974). The absence
of a long Italian standard oak chronology prevents the dating of all the other dendrochronological
sequences obtained.
The majority of the dates on the findings (10) rely on 14C determinations, and their ages cover a
range from 920 to 1435 yr BP. All the analyzed pirogues belong to the Medieval period, because
their calibrated date ranges span from the 6th to the 12th centuries AD (1 σ) (Table 1).
On the basis of their ages, these Italian monoxylous boats could be separated into 2 main groups: the
first one includes 2 specimens, the oldest being from Boretto (Reggio Emilia) and from Piadena
(Cremona), their calibrated date ranges spanning from the middle of the 6th to the middle of the 7th
centuries AD (1 σ), belonging to Early Medieval age, together with the one from Tencarola (Selvazzano, Padua), dendrodated to the 8th century AD (Figure 3). All the other monoxylous boats belong
to the second group, their calibrated date ranges spanning from the end of the 9th to the middle of
the 12th centuries AD (1 σ). Further elaborations and statistical modeling of the set of dates are difficult due to the lack of archaeological and stratigraphical data.
We observe that 3 specimens gave the same 14C age. Nevertheless, we have to stress that the dendrochronological sequences coming from 2 of them (Lova 1 and Eremitani 2) do not crossdate. At
present, it is impossible to determine whether this is due to irregularities in the tree-ring sequences,
or it means that their 14C ages, though the same, do not refer to the same event.
No feature in the boats seems to be related to chronology, or to show an evolution in technique.
Among the oldest vessels, the one from Boretto (7th century) is thought to be part of a double-boat—
because of the asymmetric shape and the presence of vertical holes in the prow—like the one from
Scandolara Ripa d’Oglio (Soprintendenza per i Beni Archeologici 2002), at least 250 yr younger.
They might be ferries or small pontoons made of 2 logboats fastened by planks (Medas 2003c).
In the same way, the early medieval watercrafts from the River Bacchiglione (Martinelli and Pignatelli 2005; Asta 2006) show the same features of the late Medieval ones found in the nearby River
Brenta. All the boats from the River Oglio have long hull with a semicircular section and flattened
bow, despite their different chronology too.
4A

previous 14C analysis on the boat conducted by the Radiocarbon Laboratory of the University of Rome gave the age of
1200 ± 50 yr BP (Selvazzano-piroga 2, R-918α) (Alessio et al. 1976).

Oglio 2
(piroga B)
Oglio 3
(piroga A)
Zellina 1

Oglio 1

Lodi 1

Boretto 1

Lova 1

Piazzola, loc. Salina
Bergamin (PD)
Pieve di Curtarolo
(PD)
Piazzola, loc. Salina
Bergamin (PD)
Curtarolo, località
Giarona (PD)
Tencarola di Selvazzano Dentro (PD)
Lova, scolo vecchio
Cornio (VE)

Eremitani 1
(piroga 1)
Eremitani 2
(piroga D)
Eremitani 3
(piroga F)
Eremitani 4
(piroga E)
Selvazzano 2

River or
basin

Wood species

River Brenta Quercus sp.
sez. ROBUR
River Brenta Quercus sp.
sez. ROBUR
River Brenta Quercus sp.
sez. ROBUR
River Brenta Quercus sp.
sez. ROBUR
River BacQuercus sp.
chiglione
Canal Cornio Quercus sp.
(Lagoon of
sez. ROBUR
Venice)
Boretto, ponte ViRiver Po
Quercus sp.
adana-Boretto (RE)
sez. ROBUR
Lodi (LO)
River Adda Castanea
sativa
Gaertn.
Corte dei Frati (CR) River Oglio Quercus sp.
sez. ROBUR
Scandolara Ripa
River Oglio Quercus sp.
d’Oglio (CR)
sez. ROBUR
Piadena (CR)
River Oglio Quercus sp.
sez. ROBUR
San Giorgio di Nog- River Zellina Quercus sp.
aro (UD)

Site

Sample

age
(BP)
(%)

δ13C

GX-23973 1105 ± 45 −27.1
LS

GX-20948 1055 ± 50 −25.9
AMS
GX-19034 1435 ± 70 −26.5

—

174

894–985

782–1020 —

—

432–762

556–660

54
880–1150 133 and 64

—

898–1157 —

565–666

899–1024

—

979–1148

GX-30862 1010 ± 50 −27.2
LS
—

604–655

GX-28913 1420 ± 40 −26.0

900–1155

54

244

—
983–1146

n.d.

50

1027–1153 1016–1182

—

—

n.d.

n.d.

—

n.d.

n.d.

AD 727 ± 21

n.d.

1041–1160 1026–1208 236

—

n.d.

n.d.

89

900–1155

983–1146

GX-24445 1010 ± 40 −28.2
AMS

—

Tree-ring analysis
Length of seq. Date of last ring
(# of tree rings) (cal AD)

991–1157 128

cal AD
(2 σ)

1016–1152

cal AD
(1 σ)

Radiocarbon analysis

GX-31168 980 ± 40 −26.8
AMS
GX-31169 1010 ± 40 −26.7
AMS
GX-31170 920 ± 40 −25.8
AMS
GX-31171 950 ± 40 −26.3
AMS
—
—
—

Lab code

14C

Table 1 Results from the dendrochronological and 14C analysis on the monoxylous boats. Calibration curve IntCal04 (Reimer et al. 2004); 14C
calibration program OxCal (Bronk Ramsey 1995, 2001). (CR) = Cremona province; (LO) = Lodi province; (PD) = Padua province; (RE) = Reggio
Emilia province; (UD) = Udine province; (VE) = Venice province.
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Figure 3 Probability distribution of dates from monoxylous boats. Calibration done using OxCal v 4.0.5 (Bronk
Ramsey 1995, 2001) and IntCal04 calibration curve (Reimer et al. 2004).

CONCLUSION

The result from archaeometric dating on logboats confirms that this kind of vessel remained in use
until recent times, which is in line with research carried out in other regions of Europe (Cordier
1972; Switsur 1989; Arnold 1995, 1996; Pazdur et al. 2001). This means that this type of watercraft—despite its simplicity—fits very well with a variety of tasks in freshwater: navigation, transport, and floating supports. It seems also to suggest that technical features are more strictly related
to local tradition than to chronology.
In the literature, monoxylous boats, even if belonging to historical times, are often depicted as
“primitive” boats, because of the simplicity of their structure (made out of the hollowed trunks of
large trees), the strong analogies with similar prehistoric artifacts and the parallel with ethnographic
evidence (Medas 1997; Cheape 1999). Actually, this research together with European major reviews
and other regional studies on the subject, attests a more complex phenomenon: dugout canoes had a
widespread use over time and they may differ greatly from each other in design and size, according
to their different destinations.
In most of the cases, monoxylous craft from historical times could have been used not only as logboats or ferries in rivers, lakes, marshes, and lagoons, but also as floats for pontoons, boat bridges,
or floating mills (Cheape 1999; Medas 2003c; Asta 2006), but unfortunately absolute dating seems
unable to help in defining their use.
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