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Preface

Dendrochronology has long been considered a science “com-
plementary” to the historical sciences, given its near-exclusive 
utilisation by archaeologists for dating. This discipline, which, 
in the last decades of the 20th century, gradually began to ac-
quire the status of autonomous science, in reality encompasses a 
broad range of fields of application relating as much to nature, 
art, construction, economy… as to chronology.

At the Royal Institute for Cultural Heritage (IRPA/KIK), 
the first recourse to the analysis of tree rings dates back to the 
start of the 1960s, a period when the discipline was as yet un-
developed in the domain of cultural heritage in Europe. We owe 
this forward- looking initiative to the agricultural engineer and 
chemist René Lefève, who joined IRPA/KIK in 1946 and became 
director of the Laboratories Department in 1968. Specialist in 
organic materials, it was while working on the study of wooden 
painting supports of Dirk Bouts, in 1959, that he foreshadowed 
the utility of this method for research in art history. He perceived 
from that time the authoritative contributions of dendrochrono-
logy, not only for dating, but also to establish the relationship be-
tween historically linked pieces, such as the wings of a disman-
tled altarpiece or pairs of portraits separated over time…

After René Lefève, his place in this new field was taken over 
at IRPA/KIK by Jozef Vynckier, an industrial engineer by train-
ing, and until then specialist in the analysis of weaving of can-
vas supports for paintings. Extremely meticulous, he met the 
challenge of raising this still young discipline to the rank of a 
separate analytic domain within the Laboratories Department. 
His assessments, made from the end of the 1970s for the ben-
efit of the study of works of art of our heritage such as the 
Altarpiece of the Mystic Lamb by the van Eyck brothers, were 
conducted with rigour and remain even today highly reliable.

During the 1980s, Patrick Hoffsummer, currently a member 
of the scientific council at IRPA/KIK, embarked with energy in 
the adventure by establishing a laboratory of dendrochrono-
logy at the University of Liège, this time oriented toward ar-
chaeology. Patrick Hoffsummer has done much to develop the 
use of dendrochronology particularly for historical monuments. 
Through his teaching, he has passed on his passion to students 
of many different backgrounds.

Pascale Fraiture is one of these students. Trained at 
the University of Liège and won over to the cause of this 

archaeological view of dendrochronology, she chose to apply it 
to wooden painting supports from the Southern Netherlands, 
evidenced by her doctoral thesis. This is why, after the de-
parture of Jozef Vynckier, the then-Director of IRPA/KIK, 
Mrs Liliane Masschelein-Kleiner, did not hesitate to encour-
age this research by including the young archaeologist in the 
Laboratories Department. By her training, research domain and 
position within IRPA/KIK, Pascale Fraiture is fully involved in 
a perspective of interdisciplinary and in-depth research, which 
is supported by IRPA/KIK in all of its work.

By the exemplary organisation of the Tree Rings, Art, 
Archaeology Conference, she succeeded in assembling an inter-
national network of colleagues at IRPA/KIK, whose respective 
contributions, as the reader can judge by reading this volume, 
strongly emphasise the multiplicity and variety of fields of ap-
plication for dendrochronological research.

IRPA/KIK, as the privileged place of international encoun-
ter between researchers of high level, has not only the respon-
sibility of developing and integrating interdisciplinary research 
projects in the area of cultural heritage, but also of sharing and 
transmitting the knowledge acquired. This is why this volume of 
the Scientia Artis collection is already the second devoted to the 
acts of an international conference, following that of the AFAV: 
their role is the dissemination of the fruit of these days of pres-
entation to a broader public than specialists alone.

As pointed out by the conference organisers, we stress our 
desire that these acts will not be considered as an end in it-
self, but rather as a step toward, we hope, a broader opening 
of this discipline to new applications. I cannot resist also men-
tioning the very recent conference on the “Master of Elsloo”, 
during which IRPA/KIK contributed extremely interesting ele-
ments in the area of sculpture, until now little explored by den-
drochronology; these advances will also soon be published in 
the Scientia Artis collection.

With these words, I would also like to extend my gratitude 
and my greatest respect to all of the organisers and conference 
participants and for this beautiful volume.

Christina Ceulemans,
General Director a.i. of IRPA/KIK

CHRISTINA CEULEMANS
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Beyond dates.
For a global approach in dendrochronology

Dendrochronology is a discipline at the crossroads of several 
sciences. From the outset, it could be classified among the hu-
man sciences since it principally studies manmade objects that 
it aims to situate in time and understand their origins as well 
as, more fundamentally, the meaning of life. However, dendro-
chronology is also part of the natural sciences, since the objects 
studied are made of wood, but its approach is principally to date 
the material. Finally, in some ways, it is also part of the exact 
sciences, since it applies different principles from mathematics 
and statistics to optimise procedures and to obtain objective re-
sults (see Lambert in this volume). On this point again, den-
drochronology is distinguished by the diversity of parameters 
that must be considered and the information that it produces.

These characteristics enable better understanding of the dif-
ferent scientific backgrounds of dendrochronologists and the 
ways in which they work. Botanists, statisticians and archaeo-
logists each provide their version of dendrochronology while 
applying the fundamental principles of the method. In this way 
the range of applications that are grouped within this discipline 
can be explained: each produces a date, but each dendrochrono-
logist works in the context of his or her underlying discipline.

Yet, while rare examples have shown that it is possible to 
compartmentalise these different approaches, it must be noted 
that the overlap of fields is more the rule than the exception. It 
is difficult today to date structures discovered in archaeological 
excavations without a minimum of knowledge of botany and 
forestry, to date roof beams without any archaeological study, 
or to date a painting without technical observations and a back-
ground in art history. This syncretism even appears inevitable, 
because the synthesis of methods leads to the recovery of new 
information which would not have otherwise been discovered.

The dendrochronologist, from the simple provider of dates 
that s/he was at first and which pervading hyper-specialisation 
would limit to this role, thus gains altitude and increasingly poses 

David Houbrechts
Association du Patrimoine artistique, Brussels, Belgium

Pascale Fraiture
Royal Institute for Cultural Heritage (IRPA/KIK), Brussels, Belgium

a global perspective on the questions with which s/he is confront-
ed. The history of the Laboratory of dendrochronology at the 
University of Liège (Centre européen d’Archéométrie) reflects 
this development quite well. Its founder, Patrick Hoffsummer, 
was trained by the forester André-Valentin Munaut, pioneer in 
dendrochronology in Belgium who applied the method to ques-
tions of forest ecology before specialising in palynology at the 
Catholic University of Louvain. Patrick Hoffsummer, by con-
trast, is an archaeologist and it is this specific approach that 
underlies his doctoral thesis defended in 1989, a thesis that es-
tablished a chrono-typology of roof beams in the Meuse Basin.1 
In this innovative approach, the typology of roof-frame struc-
tures identifies architectural groups that dendrochronology sit-
uates precisely in time. From this classification naturally follows 
the development of the art of roof-frame construction which, in 
turn, enables one to rapidly identify the period of construction 
of other roof-frames in the region considered. This perspective is 
also accompanied by detailed archaeological observations ver-
ifying the homogeneity of the structure studied on the basis of 
different indices: transformations, re-use, marks, assemblages, 
timber splitting techniques, etc.

One method, three approaches

Three researchers in the Liège Laboratory continue the work 
thus begun by Hoffsummer. David Houbrechts, in his 2005 doc-
toral thesis on timber-frame houses in the Meuse region from 
the 15th to 17th centuries, follows the same path while expanding 

DAVID HOUBRECHTS / PASCALE FRAITURE

1. HOFFSUMMER P., 1995. Les charpentes de toitures en Wallonie. Typologie 

et dendrochronologie (XIe – XIXe siècle) (Études et documents 1), Namur, 

173 p.
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it through a broader documentary approach.2 The transforma-
tions applied to timber-frame houses necessitate an initial ar-
chaeological study in order to understand the complexity of a 
living place that persisted through centuries and different styles. 
Augmented by typological, dendrochronological and histori-
cal data, the information collected and placed in context ena-
bles one to simultaneously describe the timber-frame architec-
ture, determine its development through time and clarify both 
its unique characteristics and elements borrowed from neigh-
bouring regions within a relatively limited time period and geo-
graphic zone.

Two years later, Pascale Fraiture applied and adapted simi-
lar principles to the analysis of paintings on wood.3 For a com-
parable period, but over a larger geographic area (the Southern 
Netherlands), her thesis identified patterns of continuity and 
technical developments in wood preparations, thus providing a 
better understanding of the process of producing painting sup-
ports. In addition, the approach was this time based directly 
on the dendrochronological data and led to the classification 
of chronologies established for different works of art based on 
their dendrochronological typologies. This classification, inte-
grated in the context of archaeological observations and conclu-
sions reached by art historians, gave rise to forest and geograph-
ic groups with multiple implications, in particular for questions 
regarding timber trade.

Finally, doctoral and post-doctoral researches carried out 
by Sébastien Durost apply the same approach to Iron Age and 
Roman period archaeological excavations in France.4 The spe-
cific questions addressed use dendrochronological groups to 
reconstruct the forest landscape and climate, and the meth-
od is also pertinent to isolate distinct ensembles within the 
structures studied and to understand their development and 
transformations.

Beyond the date...

We thus see that the multiplicity of approaches and research 
questions is reflected by different ways and the various pur-
poses of applying dendrochronology, the underlying common-
ality of which is that they go “beyond the date”. The dendro-
chronological date is not seen as an end in itself, but as one 
indication among others, whether archaeological, historical or 
artistic, which the dendrochronologist is logically led to com-
plement with other information that can be deduced from the 
measurements made: provenance of the wood, growth types, 
environment, etc.

From this, a particular view of historical reality appears, 
which is not necessarily exclusive. Indeed, while the dendro-
chronologist inevitably develops a certain number of related ar-
eas of expertise, s/he cannot alone understand the entirety of a 
research question or carry out all of the procedures that this in-
volves. The need to compare different aspects is self-imposed 
(see Sosson), enriching or even questioning an approach that 
remains necessarily empirical and whose conclusions are irre-
mediably probabilistic.

This observation led to organisation of the Tree Rings, Art, 
Archaeology Conference held in 2010 and the present publica-
tion, which is in some measure a sort of necessary categorisa-
tion. The first objective was to review the different applications 
of dendrochronology and the notable advances over the last ten 
years. The second, focused more on the future, sought to strict-
ly bring together dendrochronologists and other players in the 
field – historians, archaeologists and art historians – to discuss 
the theme “Good use of dendrochronology”. The different pres-
entations, which reflect the practices of around 15 European 
countries, thus successively explore the different facets of the 
dendrochronological prism.

Dendrochronology,
history, climate,
forest management and trade

Dendrochronological data shed new light on interactions be-
tween humans, climate and environment. The study of liv-
ing trees contributes to the reconstruction of climate history, 
as the example of the French Alps shows (see Corona et al.), 
while the analysis of archaeological timbers shows the influence 
of humans on forests, for example in the Flemish region (see 
Haneca) and in Alsace at the Gallo-Roman site of Oedenburg 
(see Girardclos and Petit). An example as well documented as 
the Gallic War also shows us that ancient texts and climatic 

DAVID HOUBRECHTS / PASCALE FRAITURE

2. HOUBRECHTS D., 2008. Le logis en pan-de-bois dans les villes du bassin 

de la Meuse moyenne (1450–1650) (Dossiers de la Commission Royale 

des Monuments, Sites et Fouilles 12), Liège, 314 p.

3. FRAITURE P., 2007. Les supports de peintures en bois dans les anciens 

Pays-Bas méridionaux de 1450 à 1650 : analyses dendrochronologiques 

et archéologiques, PhD Dissertation, University of Liège, 3 vol., 447 p., 

347 p., 491 fig.

4. DUROST S., 2005, Dendrochronologie et dendroclimatologie du 2e Âge du 

Fer et de l’époque romaine dans le nord et l’est de la France. Datations, 

système de références et modélisations, PhD Dissertation, University of 

Franche-Comté, Besançon, 2005, 175 p.
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information obtained from dendrochronological studies can be 
mutually enriching, leading to a new interpretation of histori-
cal facts (see Rossignol and Durost).

Timber trade shows another aspect of the relationship be-
tween man and forest. Research on the geographic provenance of 
the timber used in daily life shows the existence of long-distance 
transport, for example from the Baltic countries to the Black Sea 
(see Ważny), and in some cases allows us to map the networks, 
as has been done for barrels in Denmark in the Middle Ages 
(see Daly). On a regional scale, archaeological structures discov-
ered beneath Riga show the complexity of trade in the Middle 
Ages (see Zunde), while timber architecture, by comparing ar-
chaeological evidence linked to timber transport with dendro-
chronological data, reveals the varied origins of the timber in 
Thuringia and Bavaria (see Eißing and Dittmar). The system-
atic dating of urban archaeological remains in Groningen sup-
plemented by historical and archaeological research also shows 
how dendrochronology contributes to the reconstitution of tim-
ber supply networks of a Dutch city in the 16th and 17th centu-
ries (see Domínguez-Delmás et al.).

Timber, forest and archaeology

The systematic study of timbers discovered during programmed 
excavations at Lake Constance quite precisely reveals forest 
management practices from the Neolithic on, in a restricted geo-
graphic area (see Billamboz). In addition, as we learn from the 
examples in the Lorraine and Champagne regions in France, 
preventive archaeology also contributes crucial information on 
settlement history, forest practices and their effects on architec-
ture (see Tegel and Vanmoerkerke). In general, comparison of 
dendrochronological and archaeological data are quite often in-
structive, opening the way to new archaeo-historical interpreta-
tions and inviting re-examination of interpretations developed 
over the last 150 years, as the case of the period from the Final 
Bronze Age to the Roman period in the Three Lakes region in 
Switzerland shows (see Kaenel).

For monuments, the only comparison of dates provided 
by dendrochronology and other sources – historical, stylistic 
and archaeological – in Great Britain (see Molyneux) is suffi-
cient to demonstrate the fundamental contribution of dendro-
chronology to the history of common civil architecture. This is 
also true for the medieval religious architecture of the mendi-
cant orders, for which change is difficult to perceive and for 
which we have no historical or stylistic markers (see Coomans). 
Dendrochronology is also seen as highly useful for determining 
the fine-grained chronology of buildings studied in depth, as 

is shown by the examples of medieval civil architecture in the 
province of Liège (see Bolle and Léotard). Yet dendrochrono-
logical dating is also valuable for more recent periods, a priori 
better documented, and even for buildings for which nearly eve-
rything may be known, as is the case in Brussels (see Heymans 
and Sosnowska).

Tree rings, wood selection and art

Finally, in the still little explored domain of art objects, the con-
straints inherent in musical instruments do not prevent us from 
obtaining valuable results concerning wood selection and trade, 
the shaping of the wood and the organisation of workshops 
(see Beuting). In this light, analysis of the first pianos made in 
Belgium sheds light on the range of information that dendro-
chronology can offer for instruments for which we have very lit-
tle information. Coupled with organological observations, such 
new data clarify the development of instrument production in 
Belgium and contribute to better restoration of the instruments 
(see Houbrechts and Vandervellen). For paintings, recourse to 
dendrochronology in the context of a systematic study along 
with other technical analyses for the Tudor period has led to re-
consideration of some dates and the proposal of new divisions 
in groups of paintings (see Cooper). For the works of Rubens, 
information related to the choice of material and its use indi-
cate a significant development over the period during which the 
master used oak panels and also quite probably differences in 
preparation of painting supports for private use (see Fraiture 
and Dubois).

This panorama, as representative as it may be, is neither ex-
haustive nor definitive. It shows rather a snapshot of the current 
complex relationships between dendrochronology, history and 
humans. We hope that it encourages consideration of the util-
ity of dendrochronology by enabling the reader to discover its 
multiple applications and by supporting exchanges between the 
different disciplines involved. We hope finally that other similar 
conferences, organised in other places and by other researchers, 
will take place to complement and update the state of research, 
thus enabling this still young science to evolve.

Such a project could not have been accomplished without the 
assistance of the many persons who participated in the organi-
sation and realisation of this conference, nor without the support 
of different institutions: the Politique scientifique fédérale belge 
(BELSPO), the Royal Institute for Cultural Heritage (IRPA/
KIK), the Ministère de la Région de Bruxelles-Capitale, the Fonds 
Wetenschappelijk Onderzoek (FWO) and the Fonds National de 
la Recherche scientifique (FNRS). We thank them all.
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Dendrochronology,
archaeology and science

Summary

This paper is a contribution to the ESCARSEL project funded 
by the French National Research Agency (program VMC, project 
ANR -06-VULN-010) in which a significant question arose about 
the insertion of relatively short archaeological wood series.

The word “science” is fairly ambiguous when used to ex-
press activities related to social or human sciences. Ambiguity 
comes from the fact that the word embraces two domains for 
which methodologies are not only very different, but the relia-
bility of hypotheses and results is also not based on the same 
background or paradigm. Social sciences generally use deduc-
tive networks in which density is one of the decisive elements 
of the validity of an assertion (Moraze, 1967; Grappin, 1968; 
McCullagh, 2004). By contrast, the “hard” sciences proceed by 
networks for which density is not in question; what is crucial is 
the capability for duplication of each node of the network, re-
production of each step in reasoning, with respect to formal 
knowledge (Mankiewicz, 2001; Mankiewizc et al., 2001; Baudet 
and Dhombres, 2002). In the humanities, the research approach 
activates the entire range of knowledge of the researcher, even 
when s/he is specialised in a given field. In science, the chal-
lenge is to gather the minimum number of elements clearly in-
tegrated into a system, the significance of which converges to-
ward the result. The clarity of the process makes it appear as 
if the topic being studied is finite. But the “system” of an histo-
rian is, in many ways, infinite, the hidden reality taking place 
in the reasoning. As a result, there are two worlds, which can-
not be unerringly joined. Of course, these difficulties are clearly 
visible to most of us. The necessity for increasingly exchanging 
different viewpoints has resulted in the creation of a new disci-
pline of specialists who work at the interface between humani-
ties and science. This “third” kind of researchers and experts is 
the oil in the engine.

Georges Lambert
Laboratoire Chrono-Environnement – UMR 6249, CNRS-University of Franche-Comté, Besançon, France
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Dendrochronologists for archaeology and history fall with-
in this third class of scientists. They come either from science 
or archaeological laboratories. They have a broad range of ca-
pabilities within their respective backgrounds (Lambert, 2008). 
On one hand, they need to understand the research questions 
posed by archaeologists or architects, in particular the nu ances 
of these questions, and, on the other hand, they need to pro-
vide answers with scientific, quantitative arguments. This is not 
a cosy situation because, in carrying out their scientific activi-
ties, they encounter small difficulties and traps which destroy, 
brick by brick, some of the mathematical reasoning. Ultimately, 
dendrochronologists have to communicate or transmit a result 
which is not mathematically perfect. Fortunately, the validity of 
most dendrochronological results is verified by rigorous compu-
tations. More specifically, many different timbers yield good re-
sults, while others are more difficult to analyse (e.g. dugouts, 
paintings, statues).

Obtaining the best results is, however, not the main ques-
tion. Well-correlated results belong to the domain of deep (ac-
quired) knowledge. If need be, experts could develop a kind of 
software which lends itself directly to such solutions, but this 
would no longer be science because the scientific question is al-
ready resolved. This would only be technique, fairly complicat-
ed, but technique nonetheless. It is another kettle of fish with 
results that seem obvious, but which cannot be proved by com-
putations. This is often the case with small samples of timbers. 
Dendrochronologists who work with climate – with scientists 
comparable to themselves – reduce this problem by rejecting 
poor samples. This, however, is not the habit in our field where 
the worst samples are often the most interesting, particularly if 
they are parts of a work of art. Indeed, the potential of any sam-
ple taken from archaeology, old buildings or panel paintings is 
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not exchangeable. The difficulties encountered during the dat-
ing process of such materials have led scientists to further ex-
plore and advance in understanding and controlling variabil-
ity in this process.

From such variability, the dendrochronologist can provide 
abundant information about past climates, past environments 
and human activities. S/he can:

-  identify the region from which the trees originally came,
-  explain something about the nature of this region, the  
  landscape,
-  suggest whether humans were or were not in an area at a  
  specific time,
-  follow the path of wood as it moves through several workshops,
-  evaluate the health of a local economy at precise periods,
-  participate in discussions of trade routes,
-  etc.

Such explorations require close work between historians, 
archaeologists, art experts, dendrochronologists and logicians 
(not necessarily mathematicians). It is true interdisciplinary re-
search that integrates a wide range of abilities. The role of non-
mathematical reasoning may be dominant in such a strategy. 
This fact is not a flaw, rather the necessary starting point to cre-
ate, develop and perfect a new intellectual model. Each model, 
however, has a cost: time! And, strangely, the circles concerned 
by dendrochronological research, fascinated only by the DATES 
that are obtained, largely misunderstand this side of the re-
search, which is a promise for tomorrow. I like to say to manag-
ers who launch historical projects that include dendrochronol-
ogy: “do not say you will do science because you want to use 
dates from dendrochronology, just say that you buy a service. 
But, if you want to invest energy and some money to develop a 
large research project based on and around tree rings, of course, 
you are doing science and you may say it”.

Introduction

Dendrochronologists deliver information to archaeology, his-
tory and art history which is considered as more “scientific” 
than other deduction types characterising historical research. 
Information given by a dendrochronologist concerns either 
dating, exploration of past environments and climates, and 
more over hypotheses about trade and forgotten techniques of 
the past. That which justifies dendrochronology as an activi-
ty different from history and other similar disciplines lies in the 
fact that the work of a dendrochronologist begins with precise 

measurements – in particular ring-width measurements, usu-
ally taken to the precision of 0.01 mm –, calculus, mathemati-
cal drawings and curves, etc. (Fig. 1). In contrast, historians, art 
historians, archaeologists or architects start from texts, imag-
es, paintings or material objects which are to be classified into 
types, which are more or less described or explained. It may ap-
pear very surprising that such different approaches are labelled 
with the same word: science. However, the two worlds are not so 
far removed because historical sciences are built on the ground-
work of older improved practices, whereas dendrochronology is 
a new science which has to prove its worth. While it is true that 
the dendrochronologist uses many precise measurements, com-
puted correlations rather than other estimation techniques, it 
must also be said that the credibility of the result is often ques-
tioned. For example, when a dendrochronologist is first explor-
ing a part of a country or a period, sufficient numeric infor-
mation is unavailable, and he must begin with archaeological, 
historical or ecological methods. In addition, the dendrochronol-
ogist who works for archaeology, history and art uses this knowl-
edge to keep a relevant working framework. We could thus be 
led to ask what is the part of the dendrochronological certainty 
and the part of historical inferences. Using a simple example of 
the dating of two houses in eastern France, it will be shown how 
difficult it is to provide today – in the state of the art – a precise 
error margin for dendrochronological dates. Moreover, and by 
contrast, it will be demonstrated that adding the architectural 
context to the dendrochronological reference context enables us 
to date these houses, as well as other objects, without any doubt!

Dating

Both houses are located in the department of Jura in eastern 
France. The first one, the Thiefaine house (owner’s name) in 
the small town of Dole, is covered by a huge roof, higher than 
the roof of Notre-Dame of Paris (one more vertical meter: i.e. 
17 m; Fig. 2 and 3). The other one is a small house, the Ocler 
house, in Aumont, a village about 30 km from Dole, with a 
roof rising 6.50 m in height. This house was probably a store-
room of a nearby abbey or church chapter (in Dole, Poligny or 
Arbois) (Fig. 4). The overall proportions of both roofs are sim-
ilar, but the second is smaller. Thirty-two samples were taken 
from the Thiefaine house in Dole and only five from the small 
Ocler house, because the roof is supported by very small tim-
bers. Except for one timber from the Dole house ceiling, the 
chronologies – the ring-width series – are quite short: builders 
at the time preferred to use young trees for light work frames 
(15 chronologies less than 50 years in Dole, maximum 62 years 
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in Aumont; Fig. 5 and 6). Before drawing and calculating, data 
were calibrated by the “corridor” method (Lambert et al., 2005; 
Durost, 2005; Lambert, 2006).

The majority of these chronologies would be considered too 
short by “real” scientists. However, in my opinion, we should not 
ignore such evidence which came from very interesting buildings, 
although this will raise the question of how we should date them.

This research was first conducted 15 years ago and, despite 
the poor quality of the timbers, we proposed dates using the 
current tools of the time. We noted, however, that these dates 
would have to be later verified, some problems still remaining 
with the chronology of the Dole roof. Verification of the entire 
collection of the region (2,000 timbers) with new tools – a new 
growth calibration – was completed in 2006, ten years after the 
sampling. New numeric results tend to confirm the previous-
ly proposed dates, but still without being entirely satisfactory. 
In 2009, we thus again addressed the question. Other labs from 

France and Belgium provided us with complementary data to 
reinforce the database; new tests were conducted with the short 
series of this collection. Three dates of the 32 chronologies from 
the Dole set were thus revised. The date of the original con-
struction of the Dole house did not change, but one beam with 
the longest ring series moved considerably toward recent peri-
ods, its last ring jumping from 1490 to 1644. This piece was thus 
a repair timber and not a recovery from an older building, as 
we had previously considered. As a result, after this change, the 
Aumont chronology provides better correlations with Dole, geo-
graphically its nearest neighbour in our chronologies database.

The question of dating these houses could be finally resolved 
due first to enlargement of the reference database which rapid-
ly progressed around 2000, and second because of the increas-
ing attempts to date short timber chronologies from archaeo-
logical samples by dendrochronology. The same problem exists 
with other object types. It is not rare that an interesting object 
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Calibration by three polynomials called the “corridor” method 

G. L., Tree Rings, Art, Archaeology, Brussels 2010
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Fig. 2

The frame of the Thiefaine house in Dole (Jura, France): a particular type.

© G. Lambert

Fig.3

The Thiefaine house in Dole showing its roof. © G. Lambert

Fig.4

The Ocler house in Aumont (Jura, France). © G. Lambert
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Fig.5

Synchronisation between the dendrochronological series from the Thiefaine house.
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such as a sculpture or a musical instrument offers only a few 
samples, which are not necessarily the best material for dating. 
The dendrochronologist thus has to dare to begin the process 
of dating, hoping to be further aided by expansion of the refer-
ence database and advances in computation. Finally, advances 
in the performance of calculations is the third element to help 
resolve this question, although calculations, even today, help 
the dendrochronologist but are still not sufficient to provide the 
best results in every situation (Lambert, 2006). The so useful 
Student’s t-test should be revisited in order to be more credible 

in the dating process. The next part of the paper presents how 
one can address and improve the issue of security and the error 
margin in dendrochronological dating.

Student’s t-test

The well-known Student’s t-test is commonly used in mathe-
matics and in the dendrochronological dating process (Wilks, 
1943; Kendall and Stuart, 1958–1966; Baillie and Pilcher, 
1973; Dagnelie, 1973–1975; Fritts, 1980). It is deduced from the 
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correlation coefficient – also called Pearson’s coefficient or r – 
which is used to make pairwise comparisons between chronol-
ogies (Fig. 7).

The interest of the t-test lies in its projection into a Student’s 
table which shows the probability (a number between 0 and 1) 
of similarity between two chronologies. This test is used cor-
rectly by dendro-climatologists because they reject unsuita-
ble samples (generally taken from living trees). It is, however, 
more difficult to appreciate the behaviour of this test in dendro- 
archaeological conditions such as those discussed here. In fact, 
all dendrochronologists do not apply the t-test strictly; they 

rather use it as an indicator, not necessarily basing their results 
directly on it, for example when the series are too short or con-
tain unexplainable sub-signals, which do, however, match. In 
these cases dendrochronologists may rely on historical, archaeo-
logical or art historical context to support their decisions.

These regularly confronted problems make it impossible for 
dendrochronologists to provide an exact probability for the re-
sults. As a consequence of the vacuity in the computed confi-
dence, it is difficult to develop an available protocol to build ef-
ficient databases and to reach a level of agreement regarding 
their overall quality.
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and Student’s t:

When t > 3.4, then the theoretical error for an overlap n around 

80 years is less than 0.001

Fig. 7

Coefficient r of Pearson (or correlation coefficient) and Student’s t de-

duced from it.
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Symmetrical square charts or matrices

As mentioned, t-test works pairwise, but the issue is – most of the 
time – to compare tens or hundreds of timbers to build a broad 
reference network of local, regional or international chrono-
logies. A set of results from a group of timbers may be summa-
rised in a symmetrical square chart that compares and shows 
correlations obtained from all of the different possible pairs 
(Fig. 8). The samples involved are listed along the rows and 
columns and each cross between row R and column C contains 
the correlation between the individual R and the individual C. 
Theoretically, each result may be considered as an independent 
experiment and one can combine the results of a row or a col-
umn to deduce the credibility of an element which needs dat-
ing. The overall credibility of the matrix must also be comput-
ed if the probability of each test is correctly estimated. However, 
dendrochronologists know that the theoretical conditions of the 
Student demonstration are not entirely met throughout the proc-
ess even when they use correlation matrices of Student’s t. Of 
course, as this situation is mathematically uncomfortable, the 
process is more or less empirical. Can we progress in such a way?

Student’s t-test behaviour in a set of
1,270 living French oak trees

A way to understand what happens when computing t-tests 
with dendrochronology is to carry out a large experiment with 

living trees, which do not pose the problem of their dates. We 
collected 1,270 chronologies from trees in temperate France, a 
zone above the line joining La Rochelle and Geneva (CH). In 
this experiment, we did not compare the tree-ring series them-
selves, but the local average growths yielded by each forest site, 
the construction of these local chronologies not raising special 
questions because the date of each sample is known. Then, 52 
synthetic series were computed, working as in archaeological 
conditions, that is, as if the dates were not known. The com-
puting program calculated each chronology against the others, 
from the beginning to the end, and at each step yielded a re-
sult. The minimum tested overlap was 60 years. For each pair, 
the five best results were kept. Of course, in the case of the com-
parison of one site chronology to another only one date matches 
with the right date, the others being incorrect proposals and in-
correct dates, but they are retained in order to count the factual 
error. In this way, 135,200 correlations were computed. The set 
of the best 6,630 was used as a pertinent basis. It should contain 
1,326 correct results. After having filtered results under t = 1.90, 
696 results still remained and among them 171 gave the correct 
dates. At this point, two remarks should be made:

1  This kind of test did not find all the correct dates, but only  
  12.8% of them.
2  The same test placed incorrect results at the top, which are  
  thus retained in the final list, some incorrect dates yielding a  
  better t than the correct date.
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Fig. 8

Part of the correlation matrix of the French oak references used to-

day to date objects from the medieval and modern periods (East-  

France-20100203).
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Security, simple blind error and
(combined) blind error

We can therefore continue with this test in order to have a start-
ing point for estimating the real probability or error margin for 
each date found in this computation. We will use observed per-
centages as probabilities, given that more than 100,000 corre-
lations have been computed in this experiment. We add to the 
usual parameter, the test security, a new one which evaluates the 
blindness of the process, that is to say the ratio of correct dates 
not found: the simple blind error is the percentage of correct 
correlations rejected at the considered t-test level. The simple 
blind error gives the loss of power of each set of tests launched 
to date ONE series, each set being limited to the five best re-
sults. This gives the total number of best expected correlations 
for the set of forest sites to 52 × 5 = 260. The simple blind error is 
computed by dividing the number of correct dates not found by 
260. We can give the following tables relating to this population 
of 1,270 trees, grouped into 52 local averages spread through a 
territory of more than 200,000 km2. To go back to the stand-
ard interpretation of Student’s t, the overlap average is around 
110 years, corresponding to the Student degree of liberty plus 2.

First, a table of the behaviour of simple tests:

Simple t-test:
Base: 52 sites, 260 results wanted at the level, average of the 
overlaps: 110 years 
t ≥ 5:  37 right, 0 wrong: security = 100%;
     lost = 1,326 − 37 = 1,299, simple blind error =(260 − 37)/260 
     = 85.7%
t ≥ 4.5: 48 right, 4 wrong: security = 92%
     lost = 1,326 − 48 = 1,278, simple blind error = (260 − 48)/260 
     = 81.5%
t ≥ 3.5: 80 right, 17 wrong: security = 82%
     lost = 1,326 − 37 = 1,299, simple blind error = (260 − 80)/260 
     = 69%
t ≥ 3:  95 right, 47 wrong: security = 67%
     lost = 1,326 − 37 = 1,299, simple blind error = (260 − 95)/260 
     = 63%

Note that these results concern overlaps of around 100 years 
(about 90-120 years). To work with other types of overlaps, 
these percentages must be recomputed.

This explanation forms the basis of the next calculation, which 
is more interesting. Using a square matrix leads to estimating the 
meaning of a combination of results overall for a site average: a 

row or a column of the matrix. We will give the results for only 
one combination and then explain how we can expand this tem-
porary result to other combinations in new results of this experi-
ment. The combination concerns, for responses given to a found 
date, minimum one test ≥ 4.5 and minimum three tests ≥ 3.5

In a combination, the simple blind error loses its meaning. 
It will thus be replaced by another estimation of the blindness 
process, simply called blind error, which is an error comput-
ed following the same principle. However, as it is now a ques-
tion of determining the responses for a given date of a sample 
(a site average), the number of the expected response sets is the 
number of the working elements – 52 – and the blind error is 
the number of correct dates not found under the given condi-
tions divided by 52.

Combined t-test:
Base: 52 sites, 52 expected results, average of the overlaps: 
110 years 
Combination:
test:  1x(t ≥ 4.5) and 3 × (t ≥ 3.5)
    36 right, 1 wrong: security = 97%
    lost = 52 − 36 = 16, blind error = (52 − 36)/52 = 31%

We found here the best score. If we add one test ≥ 3.5, then 
the security falls to zero – an interesting score – and yields 17 
correct results, but the blind error jumps to (52 − 17)/52 = 67%, 
which is too high for effective use.

Note that, theoretically, with one averaged degree of liberty 
of 108 (the overlap average minus 2), Student’s t provides a per-
fect security with an error margin, using the combination rules 
summarising independent-tests, absolutely nought (0.0000…). 
We could thus be tempted to conclude that the tests are not really 
independent even if the research of a date against a set of series 
explores separate references which do not contain the same trees.

All these results formalise the rules of play. If dendro-
archaeo logical experts do not review some computed results or 
do not anticipate mathematical difficulties, they probably can-
not go on in their activity or, at the least, lose their efficiency.

What about the set used to date
the previous houses

It is more complicated to evaluate the supposed security of a set 
of inter-dated chronologies used to date a new one by itself. The 
difficulty comes from the fact the chronologies run only through 
a segment of time and, in the same experiment – the research 
of one date –, the overlap lengths vary considerably from one 
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computation to another (Fig. 9). In the previous computations, 
all trees were contemporaneous; this is not the case with an ar-
chaeological dating reference set.

Yet we may consider in regard to the previous results given 
by the living trees whether the (co)-relational system used for 
dating is in the range of the results. We assume that the local 
reference chronologies were correctly constructed. We comput-
ed the chronologies of Dole and Aumont against a subset of 49 
reference chronologies, which provide a mean overlap of 124 
years. We report the t-tests above ≥ 3.5 for the correct dates 
(or considered as correct) in the square matrix comparing the 
49 + 2 = 51 chronologies. The matrix shows a well-correlat-
ed block, which justifies using it as a reference set (Fig. 10). 
This block develops from the top-left corner of the matrix. 
Opposite, in the bottom-right corner, are found the hypothet-
ical proposals for chronologies, which are not correctly dated 
(13 chrono logies). Twenty-six chronologies of the matrix are 
correlated by a combination of several tests, meaning better 
results as discussed in point 5 (Fig. 10). With the exception of 
the last 13 chronologies, which await for better results, the ma-
trix provides a security minimum of 97%, and 26 of them are 
probably correlated with a probability better than 97%. The 
26 well-correlated chrono logies constitute the best node of the 
matrix. Any chronology of the best node gives a score greater 

than 2 × (1 t ≥ 4.5 + 3 t ≥ 3.5), which is twice the combination 
discussed with living trees. If we could apply the rules of the 
combination of independent-tests, we would say that the prob-
ability of the best node of this matrix is below (0.03 × 0.03) = 
0.009, a security around 1 − 0.009 = 0.991. After 20 years of ex-
perience in this work, we think this could actually be true, but 
since such a calculation has been contested at the beginning of 
this paper, we cannot use it here. The question is open for a fu-
ture paper. We say now that the overall dating security of such 
a tool is between 3% and 0.9%.

The previous estimations justify our trying to date both chro-
nologies of Dole and Aumont against this reference set, which 
is credible. The Dole chronology is finally blocked with an hon-
est score (3 t ≥ 4.5 and 4 t ≥ 3.5) at the period 1457–1644 (respec-
tively oldest and most recent rings of the chronology (Fig. 10, 
local frames for Dole-Thiefaine). With some surprise, given its 
very short length (62 years), the Aumont chronology also found 
a comfortable position in the period 1478–1539 with 3 t ≥ 4.5 
(including a correlation with Dole) and 6 ≥ 3.5 (Fig. 11, local 
frames for Aumont-Ocler). The trees of Aumont are quite reg-
ular despite their youth (three of the five beams have less than 
50 rings) and the date leaves no doubts. This last good result 
demonstrates that it is reasonable and clever to also try to work 
with materials that appear a priori to be poor.
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Fig. 9

Synchronisation block EastFrance-20100203, with global average (bold 

black). Synchronisation of the Dole (1a) and Aumont (2a) dendrochrono-

logical means at the bottom.

1 : Dole-Thiefaine, a = basic signal, b =  pointer years 75% - 1544 main phase (ante quem), 1644 repair.
2 : Aumont-Ocler, a = basic signal, b = pointer years 75% - 1539 building phase (ante quem).
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Conclusion

This discussion is an initial step in developing better computa-
tions for estimating the error margin at each stage of the dating 
process. It is necessary to be able to give a security level to the 
dating process, particularly when we have to provide hundreds 
of chronologies to dendro-climatologists who work with height-
ened attention to the error margin. With living trees, the dating 
error is zero. As has been shown here, this is not the same for 
archaeological or historical timbers.

The complexity of the reasoning (only a small part of the 
question has been highlighted here) does not exempt researchers 
from a minimum of common sense and a maximum of histori-
cal knowledge: they remain the motor of the process. Moreover, 
without the elegance of these buildings – which is not a scientific 
notion – we would never have gone back three times to address 
the question of their dating. Their contribution to the dendro-
chronological database is in itself not major, but the location of 
these houses, in a region which is not well-known for its history 
of architecture, stimulates further intellectual activity.
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Detail of the Dole correlations (Student’s t) with the reference matrix 
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La dendrochronologie :
de «  nouveaux documents »
pour l’historien de
l’économie médiévale ?

On le sait, les résultats qu’accumulent sciences et techniques 
élargissent, jusqu’au vertige, champ documentaire et question-
naire de l’historien, donnant souvent sens aux textes, quand ils 
ne pallient pas leur absence ou leur laconisme, enrichissant les 
archives du sol que lit une archéologie toujours plus sûre d’elle-
même, permettant des avancées spectaculaires, surtout dans le 
très riche domaine de l’« histoire matérielle » chère à Fernand 
Braudel et Jean-Marie Pesez. Force est cependant de constater 
que les « nouveaux documents » qu’elles apportent, enfermés 
qu’ils sont dans « la logique diabolique du morcellement », 
mieux dans celle de spécialisations donnant naissance à des 
chapelles jalousement gardées, sont encore trop souvent décon-
nectés des contextes et des réalités politiques, économiques et so-
ciales, tout autant que des concepts censés aider à en compren-
dre les fonctionnements. Le « bois archéologique », qu’analyse 
la dendrochronologie, n’y déroge point et est encore très loin 
d’avoir pris la place qui lui revient, potentiellement au moins, 
parmi les sources qu’utilise l’historien de l’économie et de la so-
ciété médiévale. Hors, en l’absence d’évidence documentaire, ce 
qui est plus fréquent qu’on ne le croit, notamment lorsqu’il est 
question du bâtiment rural et de l’habitat urbain, il pourrait ap-
porter des témoignages précis. Aux conditions toutefois qu’il soit 
intégré dans des problématiques plus larges que la seule data-
tion, indispensable il est vrai, d’un édifice ou d’un objet donné, 
que l’on aille au-delà des déterminismes trop faciles de la pro-
ximité et des milieux naturels, et que si « espaces économiques » 
il y a, ils sont toujours à « géographie variable », constituant sou-
vent d’étonnants patchworks, dont rendent compte tant les ré-
seaux et intermédiaires marchands que la volonté de réduire 
les coûts. De ces points de vue, il nous paraît toujours néces-
saire de rappeler qu’ il ne suffit plus d’entasser les matériaux, 
d’en dresser l’inventaire et d’en définir les genres, et surtout 
qu’il serait grand temps de lire ensemble, mais en chaussant des 
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bésicles différentes, les mêmes dossiers, d’élaborer des question-
naires croisés. L’histoire économique et sociale du Moyen Âge est 
donc dans une certaine mesure demanderesse.1

À l’inverse, l’histoire économique et sociale peut aussi con-
tribuer à affiner les modèles, à mieux délimiter ou préciser les 
« espaces économico-dendrochronologiques », à pointer des sites 
précis de coupe et d’exploitation, d’exportation et de distribu-
tion, à éclairer les cheminements pour le moins compliqués des 
matériaux ligneux, à dénombrer les nombreux intermédiaires 
et ruptures de charge, la multiplicité des modes de transport, 
toutes choses qu’il conviendrait de confronter et de réunir aux 
résultats dendrochronologiques, ne serait-ce que pour donner 
sens à ces derniers. L’historien de l’économie médiévale en effet 
n’a pas attendu la dendrochronologie pour connaître et mesurer, 
par exemple, l’importance des exportations de bois baltes et 
scandinaves vers l’ouest de l’Europe dès la fin du xiiie siècle 
(Dollinger, 1964) : la mise en œuvre des produits qu’elles char-
rient, généralement via la Hanse, est attestée, parmi beaucoup 
d’autres, par les comptes de construction anglais dès les der-
nières décennies du xiiie siècle (bord de Alemain, tabulis de es-
trich) (Salzman, 1952) ; pour les anciens Pays-Bas méridio naux, 
leur importation par Bruges (l’un des quatre comptoirs de la 
Hanse avec Novgorod, Bergen et Londres), puis par Anvers, 
sans parler de Dordrecht, Zutphen et Kampen aux Pays-Bas, 
est bien connue, au moins au niveau comptable (Sosson, 1977). 
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1. Ce bref exposé est tiré pour l’essentiel de recherches personnelles 

déjà publiées. Aux fins de ne point l’alourdir inutilement par de nom-

breuses références, on se contentera de citer les quelques ouvrages et 

articles directement concernés (voir «  Références » ). On y trouvera tous 

les développements bibliographiques nécessaires ainsi que les référenc-

es aux archives.

033



De même, il ne s’étonnera guère de la présence, souvent mas-
sive, des bois locaux provenant des forêts domaniales sur les 
chan tiers de construction princiers, le prince « vivant du sien ». 
Les exemples de l’hôtel de la Cour, au Coudenberg, à Bruxelles, 
en 1431–1436, avec les forêts domaniales de Soignes (Bruxelles) 
et de La Houssière (Hainaut), le château de Male (Flandre), en 
1390–1397, avec la forêt ducale de Sijsele (Flandre), l’hôtel ducal 
de Bruges, en 1448–1452, avec les bois de Nieppe (Nord)2, en té-
moignent parmi beaucoup d’autres (Sosson, 1996). L’apport des 
documents, comptables surtout, est donc et reste fondamental 
aux fins d’explication. Au surplus, il nous paraît hors de doute 
qu’une cartographie précise du flottage à bois perdu, en trains et 
radelage, de proximité ou au long cours, réseau hydrographique 
par réseau hydrographique et cela notamment dans la grande 
plaine de l’Europe de l’Est et du Nord3 permettrait sans doute 
de pointer des sites précis d’exploitation et de distribution dans 
un « espace dendrochronologique » donné. De surcroît, une 
étude poussée des questions d’organisation collective du flot et 
de ceux qui sont partie prenante sur le marché du bois – march-
ands mais aussi entrepreneurs propriétaires de scie ries, voire de 
flottes fluviales –, et un relevé exhaustif des tonlieux jalonnant 
fleuves et rivières autoriseraient sans doute une meilleure con-
textualisation des données dendrochronologiques touchant la 
provenance du bois.

De cette possible et souhaitable partition à deux mains, 
quelques exemples touchant notamment les anciens Pays-Bas 
méridionaux permettront peut-être d’en entendre quelques har-
moniques. Précisons d’emblée que nous nous en sommes expli-
qué plusieurs fois ailleurs.

Pour ce qui touche le « bois comptabilisé », des sources 
abondantes et typologiquement bien définies permettent 
d’appliquer à l’étude de son commerce, et donc notamment de 
l’approvisionnement des chantiers, mais presque uniquement 
dans le cas du secteur public, et trop souvent dans la « courte 
durée », voire la très « courte durée », une problématique te-
nant compte des divers niveaux – international, interrégional, 
régional et local – où il s’exerce. Niveaux mis à profit, selon les 
cas, parallèlement ou séparément. Constituant en tout cas tou-
jours un tissu serré et complexe d’échanges réagissant à de mul-
tiples paramètres : importance et nature de la demande, moy-
ens fi nanciers, proximité, abondance et qualité des matériaux 

désirés, voies de communication, relations commerciales unis-
sant centres producteurs et distributeurs, ruptures de charge. 
Les études qui le montrent abondent.

Mais, en vertu de la loi des vexations universelles, l’historien 
de l’économie médiévale est trop souvent limité dans ses en-
thousiasmes. D’abord parce que les comptabilités qui consti-
tuent sa masse de manœuvre, peuvent ne pas ou ne plus exister, 
ce qui, sauf les exceptions italiennes et anglaises, est générale-
ment le cas avant la fin du xiiie siècle. Ou être avares de rensei-
gnements utilisables : elles peuvent n’être attentives qu’au fait 
comptable ou négliger de préciser la provenance des ressources 
des domaines parce qu’elle va de soi pour les receveurs chargés 
de dresser les comptes. Ensuite, parce que les documents ne 
touchent qu’exceptionnellement le secteur privé dont les appro-
visionnements en bois ne répondent pas nécessairement ou pas 
du tout aux logiques, aux rationalités économiques des grands 
chantiers et des travaux publics.

L’historien de l’économie médiévale se doit donc de réagir 
en pointant les potentialités de ces « comptabilités naturelles », 
souvent recueillies à l’occasion de l’étude ou de la restauration 
d’un édifice donné. Même si, et ce n’est pas négligeable, cela per-
met de mesurer les hinterlands direct et indirect nécessaires à sa 
cons truction, il n’en est pas moins vrai qu’à l’aune d’une histoire 
et d’une cartographie des trafics commerciaux, cela pose la ques-
tion préjudicielle de leur degré de signification. Quoi qu’il en soit, 
on sait de mieux en mieux, car les chronologies de référence pour 
une essence et une région données se multiplient, que les par-
ticularismes régionaux dont les courbes dendrochronologiques 
portent témoignage sont des indicateurs de l’origine des bois. 
Indicateurs utilisables tant pour l’étude du commerce interna-
tional que pour celle des échanges régionaux, voire locaux.

De ce point de vue, le bois archéologique peut donc parler 
un langage précis à l’historien de l’économie médiévale. 
L’intégration des données dendrochronologiques aux probléma-
tiques historiennes est donc possible et très souhaitable à plu-
sieurs niveaux (l’inverse le serait d’ailleurs tout autant).

Chronologique tout d’abord. En effet les importations et/ou 
exportations de bois d’œuvre et les courants commerciaux les 
char riant n’ont pas attendu que des documents comptables soient 
dressés et archivés pour exister. Ce sont donc de nouveaux ter-
mini a quo touchant ces trafics qui deviennent possibles, voire 
la révélation de certains d’entre eux. Les exemples parlants ne 
sont pas rares. Du viie au ixe siècle, le port de Dorestad (Wijk-
bij-Duurstede) aux Pays-Bas importe de la moyenne vallée du 
Rhin (Rheinhessen) – près de 300 km – des tonneaux, et le bois 
d’œuvre n’est pas d’origine locale. Précieux témoignage d’un 
trafic rhénan du bois au haut Moyen Âge. La synchronisation 
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2. France, département du Nord, canton d’Hazebrouck-Sud, commune de 

Morbecque, lieu-dit La-Motte-au-Bois.

3. Par exemple, les bassins de la Duna, de l’Elbe, du Rhin, de la Moselle 

et de la Meuse.
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entre les séquences chronologiques des voliges de la toiture 
gothique de la cathédrale d’Ely et celles des chênes de Pologne 
confirme l’une des extensions occidentales et précoces du bois 
exporté à partir des ports de la Baltique (Hoffsummer, 1994). 
Quant aux bois de la charpente de la salle des malades de 
l’hôpital de la Bijloke à Gand, abattus en 1251–1253, ils provi-
ennent de la région mosane et montrent la précocité relative 
des exportations de matériaux ligneux mosans vers le comté de 
Flandre, sans parler du fait qu’elles s’inscrivent dans le contexte 
d’un probable déboisement de la Flandre à la même époque.

Touchant l’apport du milieu naturel proche ensuite, donnée 
essentielle en matière de coûts. Dans certains cas, il est parfaite-
ment documenté. Namur est de ceux-là : pour la période 1385–
1429, les épaisses forêts couvrant le comté constituent la princi-
pale source d’approvisionnement en merrien de la ville ; la forêt 
de Marlagne, pour l’essentiel propriété du comte de Namur, 
fournit la plupart des chênes nécessaires aux travaux publics 
(Sosson, 2005). Dans d’autres, en l’absence de documents ex-
plicites, seule la dendrochronologie apporte une réponse quelque 
peu assurée. C’est le cas de l’ancienne grange cistercienne de Ter 
Doest, à Lissewege  : les bois de la charpente datent du der-
nier quart du xive siècle et proviennent sans doute de la région 
côtière (Nuytten, 2008), ce qui, vu la proximité du marché de 
Bruges, n’est pas sans surprendre quelque peu.

Commercial au sens le plus large du terme enfin. En ef-
fet les prélèvements opérés dans telle ou telle structure consti-
tuent autant de témoignages dûment situés dans l’espace et le 
temps, palliant l’absence ou les lacunes des sources d’archives, 
venant toujours en appui des documents, notamment comp-
tables, et intéressant directement ce problème majeur qu’est 
l’approvisionnement des chantiers de construction en matéri-
aux ligneux. À cet égard, la dendrochronologie pourrait ap-
porter du grain à moudre à l’historien.

En contribuant d’abord et peut-être surtout à mieux per-
cevoir les diffusions locales des produits du grand commerce 
international. On sait, par exemple, que le bois hanséatique, 
mosan ou rhénan apparaît dans les tarifs du tonlieu d’Anvers 
(Doehaerd, 1947). Quoi d’étonnant à cela ! Ce l’est peut-être 
davantage de constater, dans les comptes de ce même tonlieu 
(1365–1404), que des dizaines de marchands brabançons, origi-
naires de diverses localités du bassin de l’Escaut, propriétaires 
des produits taxés, véhiculent du bois, pour partie hanséatique, 
acheté à Anvers, et distribué au travers du véritable réseau capil-
laire que constituaient l’Escaut, le Rupel, la Dyle, le Démer et 
les deux Nèthe. Où l’ont-ils vendu ? Où a-t-il été mis en œuvre ? 
Seule la dendrochronologie permettrait peut-être de répon-
dre en l’absence de documents comptables. Corrélativement, 

les diffusions interrégionales, voire internationales des produc-
tions locales pourraient être mieux connues. Dès le xive siècle, 
l’exportation du bois mosan et ardennais vers Dordrecht est at-
testée. À partir des bois de Mirwart (Luxembourg belge) par ex-
emple (Sosson, 1996). Potentiellement donc vers le nord. Mais 
jusqu’où ? Et depuis et jusqu’à quand ? De même on sait que le 
bois du Namurois se vendait en Hesbaye et en Brabant et qu’on 
l’exportait vers la Meuse. Mais où précisément a-t-il été em-
ployé ? En toute hypothèse, la dendrochronologie devrait per-
mettre d’y voir plus clair touchant un élément essentiel du com-
merce du bois, son extraordinaire « capillarité ».

En confirmant la coexistence, la concurrence ou la complé-
mentarité, au moins sur les chantiers très importants, les bâti-
ments princiers par exemple, d’univers commerciaux très dif-
férents, à savoir le marché local et le marché international (bois 
du bassin de la Baltique, bois domaniaux). En raison sans doute 
de la spécificité de certains produits. Mais aussi pour assurer 
la sécurité des approvisionnements. Le polyptyque de Jehan de 
Pamele-Audenarde s’en faisait l’écho au xiiie siècle : […] doi-
vent abatre le mairien et estapler et apparellier, por mettre sour 
le voiture, soit par eawe, soit par tere, et en quel liu que on 
le prenge, soit en Flandres, soit en Hénau, soit allors. (Sosson, 
1996). L’exemple du chantier de l’hôtel de la Cour au Coudenberg 
montre qu’on fit appel au marché anversois et aux marchands 
hollandais qui y résident et distribuent du bois de Danemarken, 
en même temps que les forêts domaniales de Soignes et de La 
Houssière (Hainaut) furent mises à contribution. Autre exem-
ple : lors des travaux accomplis de 1390 à 1397 au château de 
Male, ce furent 340 chênes provenant de la forêt ducale de Sijsele 
(Flandre), 4,000 ais de Danemarche, et 93 pieces de merryen de 
chesnes acquises à L’Écluse (Sluis, en Zélande) (Sosson, 1996). 
Pour rares qu’ils soient, les textes sont explicites. On aimerait 
pouvoir étoffer le dossier en disposant d’exemples textuellement 
non documentés mais dendrochronologiquement attestés.

Dans la mesure enfin où le matériau dendrochronologique est 
susceptible de révéler l’état des massifs forestiers et l’intensité 
des déboisements, les changements éventuels des zones 
d’approvisionnement pourraient y trouver quelque explication, 
même si en ce domaine bien d’autres paramètres, économiques, 
juridiques, voire individuels sont à prendre en compte.

Que conclure ? Au plan méthodologique, la typologie des docu-
ments, notamment comptables, constitue un facteur déterminant 
dans l’établissement de cartographies commerciales du bois. La 
prise en compte simultanée des données dendrochronologiques 
permettrait sans doute, dans des cadres chronologiques et géo-
graphiques précis, de mieux percevoir la diffusion et le chemine-
ment des produits de tel ou tel massif forestier.
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How to make the Forest of Carnutes
speak. Dendrochronology as a source
for the history of the Roman Empire:
Methodological considerations

Summary

While dendrochronology has long been familiar to Roman his-
torians as a dating method, the possibilities that it offers as 
a source for environmental history has received less attention. 
With the growth in the amount of available and published data, 
this situation is, however, likely to change. Using the example 
of our research on the climate of Gaul during the Gallic War, 
we attempt here to describe dendrochronological climatic data 
as a historical source. Comparing it with other proxies, we em-
phasise the value of dendrochronological data from a historical 
point of view. We wish to clarify the uses to which these data 
can be put by a historian and conditions for their interpreta-
tion within an approach that leads from a dendrochronologi-
cal signal to the interpretation of relationships between socie-
ty and climate. In order to interpret this, dendrochronological 
data, like other sources, must be subject to both internal and 
external critical processes, through interdisciplinary dialogue.

Introduction

Caesar places the Gallic plot that led to the 52 BC rebellion in a 
forest that is often considered to be the Forest of the Carnutes. 
It is in this forest that the oaths of the future conspirators were 
made. The circumstances of this event are unknown to histori-
ans today. Nevertheless, the forest of the Carnutes, and other 
places in Gaul, are not mute: dendrochronology has revealed the 
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richness of the information that the trunks of ancient trees can 
deliver. We re-examine here, from the point of view of histori-
cal methodology, a collaborative research project that has yield-
ed evidence of intermittent climatic fluctuations, and their ef-
fects on agrarian and social aspects in the history of the Roman 
Empire during the Republican Period and at the beginning of 
the Early Roman Empire (Durost et al., 2008; Rossignol with 
the collaboration of Durost, 2010; Rossignol and Durost, 2011; 
Rossignol and Durost, in press). While dendrochronology has 
long been familiar to Roman historians as a dating method, the 
possibilities that it offers as a source for environmental histo-
ry has received less attention. With the growth in the amount of 
available and published data, this situation is, however, likely 
to change. We attempt here to describe dendrochronological cli-
matic data as a historical source, clarify the uses to which these 
data can be put by a historian and conditions for their inter-
pretation within an approach that leads from a dendrochrono-
logical signal to the interpretation of relationships between so-
ciety and climate.

Duration, space, climate:
contribution of dendrochronological data

Sources for ancient history are very often known for being lacu-
nar, fragmentary, heterogeneous and sometimes uncertain. This 
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situation get worse when we look into complex concepts exam-
ined by environmental history: climate, landscape, eco system. 
These concepts were not addressed as such by the Ancients 
and are thus notions very often unknown or touched on only 
incidentally and indirectly in the classical sources of histori-
ans of Antiquity. Even at the expense of a scrupulous critical 
review, their contribution remains limited. We lack the docu-
mentation to make up for the biases and inadequacy of an-
cient texts relating to climate or weather. Some written docu-
ments have been preserved by chance and we must make do 
with what is available.

To describe climate during Antiquity, we must turn to oth-
er disciplines, other types of evidence. Interdisciplinarity, how-
ever, raises some problems. Considering the specific traditions 
of each discipline, the legacy of the past, the way each devel-
oped and the consequences of differences in training, these are 
not insuperable differences and do not prevent dialogue. We 
nevertheless make some specific points. We must clear the bar-
riers that vocabulary unique to each discipline can raise. For 
example, the single word “proxy” is met with much surprise 
in a meeting of Roman historians. Another issue that may re-
move historians of antiquity from a dialogue with the natural 
sciences is that knowledge of antiquity is a part of the human-
ities, an epistemological field that defines itself first by literary 
research. The mathematical basis, typical of the natural scien-
ces, is often lacking in the training of historians of antiquity. It 
is nevertheless true that the nature and structure of the typical 
sources used in ancient history – ancient literature, epigraphy 
– often seem to discourage the possibility of statistical applica-
tions (Finley, 1982). Fortunately, such disciplinary biases can 
be corrected by the overture to natural sciences that archaeo-
logy can provide.

It is more important to consider the obstacles that arise from 
the very constitution of the objects studied. The first is the dif-
fering sets of data developed by the various disciplines: archae-
ological remains, texts and proxies do not overlap each other 
and we cannot think that one of them can compensate for an-
other (Chouquer, 2007, p. 219). We cannot hope for geologi-
cal and archaeological data that clearly respond to the ques-
tions raised by the texts. We know moreover how erroneous it 
is to give priority to the texts, considering other evidence only 
to provide possible confirmation. From the long dialogue be-
tween philology and archaeology the need emerges above all to 
take into account the irreducible heterogeneity of the evidence 
(Reddé, 2001).

For the study of paleoclimates, Cécile Alline (2008) has re-
cently discussed methodological problems associated with this 

irreducibility. Paleoclimatology calls on disciplines analys-
ing material corresponding to very different scales of time and 
space. Geology and climatology measure time in millions of 
years or hundreds of thousands of years, while paleo-environ-
mental disciplines generally work at scales of thousands to hun-
dreds of thousands of years. On the other hand, historians sel-
dom go beyond a range of a thousand years, and even then this is 
considered to be of very long duration. Most of the time, histori-
ans consider the time of an event that we could count in days or 
even hours. These different disciplines thus develop reconstruc-
tions that seldom overlap and it would appear difficult to im-
agine that cross-verification between such different time scales 
could prove significant. Faced with the question of the condi-
tions necessary for an interdisciplinary dialogue, we thus have to 
view such a dialogue as a possibility, and as mutually enriching.

However, these time scales raise important issues for the his-
torian seeking climatic data to clarify the relationship between 
human society and the natural environment. Some of the dif-
ferent proxies available, besides dendrochronology, have been 
shown to be pertinent, as seen in these brief examples. The 
study of ancient river floods (Ollive et al., 2006), lacustrine 
sedimentation (Arnaud, 2003), lake-level fluctuations (Magny 
1999, 2004) and glacier fluctuations (Holzhauser et al., 2005) 
have all yielded important data, but some issues are raised if 
one tries to make historical interpretations using such data. 
The dating of sedimentary strata remains generally imprecise 
when considering the practices of historians. When an event 
is well dated, as deposits caused by an important flood might 
be, we are sometimes faced with a specific event that is diffi-
cult to interpret. Erosion and deposition above all also depend 
strongly on anthropogenic factors and the anthropisation of 
landscapes. It becomes complicated to extract a climatic signal 
once human impact becomes more intensive. Finally, there is 
the question of comparisons between the different regions in-
volved: given the uncertainties, what can we learn from paral-
lels and comparisons between the erosive episodes of the dif-
ferent fluvial basins from the greater Mediterranean area or 
from the French territory? Even when we have many observa-
tions that overlap, as is the case for the hydrological crisis that 
seems to appear near the beginning of our era, many questions 
remain (Leveau, 2008).

Palynological studies raise similar questions: difficulties in dat-
ing, in separating climatic and anthropic impact and in general-
ising very localised data. Palynological coring provides informa-
tion for a very restricted area around the pollen trap (Chouquer, 
2007, p. 49). Chronological uncertainty remains an important 
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obstacle: the climatic information that we can draw from the 
calcification of a Roman aqueduct, as at Fréjus (Dubar, 2006), 
cannot be easily situated chronologically; it is thus very difficult 
to apply this data to population dynamics or to agrarian or eco-
nomic questions.

However, some proxies sometimes offer quite satisfying 
chronological resolution. The Greenland ice-cores theoretical-
ly offer a yearly or half-yearly resolution. Nonetheless, analyses 
are rarely made at this level of chronological accuracy, which 
does not have much meaning for climatologists. In this way, 
the available data for the acid spike in GISP2 generally have 
an uncertainty of ± 2 years (Zielinski, 1995). Measurements 
for the oxygen isotope ratio are available for much longer 
time periods with, however, a greater uncertainty (Stuiver and 
Grootes, 2000). The accuracy is much better than that from 
lake sediments, and closer to the historian’s time scale, yet the 
problem shifts from time to space. What information can we 
draw from the polar record for European or Mediterranean re-
gions? It is difficult to go further than the recognition of very 
general climatic fluctuations, on a multi-decadal or centennial 
scale, as for the Little Ice Age. But even then, and the Little Ice 
Age well exemplifies it, local expressions, regional chronologies 
and changes are extremely variable. Even in the most favoura-
ble cases, such as when ice-core data reveal an important vol-
canic forcing, uncertainties remain strong: to establish its extent 
and its form requires comparison of several ice-cores to identify 
the specific volcano – difficult for Antiquity – and we must not 
imagine a homogeneous effect of the forcing. The best-known 
cases attest to highly varied effects of volcanic perturbations, 
and while they are important meteorological episodes, they re-
main very occasional.

Dendrochronology, by contrast, offers a source of data that 
forms a very precisely dated coherent and uniform series; its 
relevance is thus significant. The chronological precision of den-
drochronology has become familiar to historians of Antiquity, 
but most of the time its use is selective: when dendrochronolo-
gy has been included in research on ancient history, it is gener-
ally to provide one or more dates that place an archaeological 
site in time, a use that does not differ from the use of other tech-
niques such as radiocarbon dating. Other dendrochronological 
information does not appear explicitly. We must here emphasise 
the relevance for historians of the serial nature of this informa-
tion and the chronological range that it allows. The relevance of 
dendrochronology for historians is not only that it offers a pre-
cise date, but also that it leads to determination of the duration 
of phenomena that can last several years. This serial nature of 

the data thus offers several possibilities. The annual resolution 
of the data and their multi-secular extension can be applied 
to analyses at different temporal scales: description of climatic 
variation and long-term society/climate relationships, and more 
in-depth analysis of an isolated crisis. To return to the case of 
the Gallic War, the noteworthy conjunction between Caesar’s 
text and the dendrochronological proxy for the year 54 BC ob-
viously strikes the historian, but one has as much to learn when 
considering all of the pointer years of the century surrounding 
this conjunction, for we then leave the field of occasional infor-
mation to enter the series of climatic fluctuations, meteorologi-
cal chance and their rhythm and frequency.

Comparisons can also be made between Antiquity and more 
recent, better-documented periods, which can sometimes be a 
proper comparison to restructure understanding of ancient re-
alities. It is thus possible to consider the drought of 54 BC in the 
light of the heat wave of 1976 or 2003 AD, or to view the switch-
back growth between 50 and 30 BC by comparing it with the 
so-called “Sägesignatur” (“Saw-tooth signature”) during the 
16th century (Durost et al., 2008, p. 41).

To the length of duration through time, dendrochronology 
also adds an extension across space, which is necessary to con-
duct a climatic study: it is the similarity of the growth of the 
trees in very distant places that allows extraction of the climatic 
signal. It is thus possible to conduct observations at a scale that 
covers the concerns of the historians since they are more sig-
nificant than occasional and very localised evidence, and more 
precise than an overall picture for which local consequences are 
difficult to understand. 

The development of palaeoclimatic maps using dendro-
chronological data has been shown to be rich in information, 
especially when compared with literary sources. In this way, 
for the years 54 and 53 BC, it is possible to compare the clim-
atic stress map with Caesar’s military moves, with the areas that 
may have been subject to his logistical requirements and with 
the geographic extent of Gallic rebellions. It is then possible to 
consider the extent to which weather factors influenced events 
during these years, with data of sufficient accuracy to not give 
way to a simplistic determinism. The climatic stress of 54 and 
53 BC cannot alone explain the Gallic rebellions. Despite the 
bad years, the Remi remained loyal to Caesar. The Arverns, who 
seem to have been less affected, led the rebellion. Facing dif-
ficulties, each ancient society reacted according to its own his-
tory, sociological and political organisation and specific con-
text. Dendrochronological data enables us to take into account 
such regional variability. The regional component is crucial for 
a world characterised by a high degree of spatial diversity, as 
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was the Roman Empire. The addition of the climatic compo-
nent to the history of the Roman Empire cannot be done with-
out taking into account the regional, and even micro-regional, 
diversity of its components, as much at a climatic level as at the 
level of human societies.

Among the different available or possible proxies, these char-
acteristics explain the value of dendrochronological data for the 
reconstruction of past climatic conditions.

Historical interpretation:
writing the climatic history of the Roman Empire

Like any other historical document, the information obtained 
from dendrochronological series must be critically examined 
both internally and externally. Internal critical reviews can be 
done only in strict collaboration with dendrochronologists who 
can identify the limits of the series (features distinct to each 
species, geographic extension of the data, number of samples 
used, etc.) and the conclusions that can be drawn. From the 
historian’s point of view, we have to understand clearly that the 
dendrochronological data and their climatic information are a 
constructed document. Unlike the single trunk that can provide 
a date in an archaeological site, paleoclimatic data do not con-
front the historian with one specific trunk, or even several, but 
rather to a signal, which has to be processed and extracted. So, 
the information that we can seek in this data set depends on the 
conditions for its development. We need an interdisciplinary di-
alogue in order to exploit such data historically. It is important 
at first to define what the signal can express: a narrow ring in 
the season of growth generally refers to a precipitation deficit, 
at least in the case of oak. But each tree also records many other 
events: pruning, disease, context of growth. The climatic infor-
mation therefore depends on the species of the tree, its charac-
teristics, the environment and data analysis that enables con-
cluding that it is in fact climatic stress. The limits of the series 
are both geographic and chronological. What is the area cov-
ered by the reference? What is the distribution of sites? What 
is the density of sites? What is(are) the period(s) with enough 
trunks to allow a significant signal extraction? Knowing the 
limits of the dataset is absolutely necessary to confront it with 
other dendrochronological or paleo-environmental data or of 
all kinds of data. This constructed nature of the dendrochrono-
logical dataset must not amaze the historian and does not mean 
that dendrochronological data are an exceptional kind of ev-
idence. The great majority of the historical documents result 
from a complex production process, but more often this process 
was the work of men in the past (Chouquer, 2007, p. 217–218). 

To propose a historical interpretation, it is thus necessary to 
understand the various stages of the formation of the dendro-
chronological dataset, from the felling of the trees in Antiquity 
to the signal extraction, without neglecting the archaeological 
discovery of the trunks.

External critical reviews consist in examining the dendro-
chronological data within their historical context. This includes 
comparing them with other available proxies to potentially re-
fine the palaeoclimatic analysis and with historical and archae-
ological sources to clarify the link between climate and socie-
ty. We present some of the key elements of this comparison: 
modalities in the perceptions of climate found only in liter-
ary sources, identification of the vulnerabilities of agrarian so-
cieties faced with the climate and factors increasing such vul-
nerability, social modalities for the resolution of agrarian and 
wheat-distributing problems from the material economy (logis-
tics, etc.) to the “moral economy”. To place the dendrochrono-
logical data in its context involves comparing it with the other 
available evidence, beginning with literary sources. Using an-
cient literary sources about climate raises some problems. First 
they are scarce, especially for the Roman period (Soubiran, 
2003; Wolff, 2003). Second, ancient authors generally had a 
very selective view, and in their descriptions did not distinguish 
weather from the climate (Segard and Leveau, 2008). The local 
and occasional observations that they presented are not neces-
sarily significant from a climatic view. Moreover, when they at-
tempted to describe the climate of a region, they more often did 
so in very general terms that do not refer to quantifiable meas-
urements. The detailed survey of ancient sources thus under-
scores more the mode of climatic perception by these sources 
than the establishment of ancient climatic reality. But conjunc-
tions do exist between these ancient sources and dendrochrono-
logical data. As we have seen, for 54 BC, Caesar mentioned an 
extensive drought, an observation that fits with information 
drawn from dendrochronology. We can develop this conjunc-
tion to infer methodological information. First, it must be em-
phasised that this is rather exceptional. Caesar is, however, not 
the only one to provide evidence of great heat and drought for 
the year 54 BC; Cicero’s correspondence also testifies to it (Ad 
Quintum fratrem III, 1). Comparing Caesar to Cicero, we can 
assess how evidence for the same type of climatic event can 
provide information of quite different degrees of utility. Cicero 
indicated that the heat was the greatest he had ever felt. He 
noted this heat and the drought during an inspection tour in 
his brother’s villae. Thus the report is very incidental, made as 
well in the very personal setting of private correspondence. The 
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real scale of the event is hard to assess; its effects on cultivation 
are not really explained. On the other hand, Caesar provides an 
account on a very different scale. The drought of 54 BC is di-
rectly linked with its consequences on cultivation: grain was 
not produced this year. Moreover, we also understand the geo-
graphic extent of the event: Caesar mentions the drought when 
discussing the accommodation of his troops for the winter in 
northeast Gaul. This entire region, at least, had been affected 
by the drought. We are no longer in the case of a brief and in-
dividual observation by a landowner, but in a wider-reaching 
analysis supported by many observations: Caesar necessarily 
questioned Gallic peoples on their reserves and harvest in con-
sideration of the dispersal of his legions. The large extent of the 
drought has been confirmed by maps that we can build from 
dendrochronological data. Without Caesar’s military needs and 
on the basis of Cicero’s evidence alone, it would be impossible 
to understand the real extent of the event. The perception of 
climatic variation using ancient literary evidence is therefore 
quite complicated. The climatic perception of a society is not an 
immutable given: in order to reconstruct the climatic percep-
tion of the ancient authors, it is not enough to make an inven-
tory of cultural representations of climate and its risks. Their 
perception depends not only on their intellectual and cultural 
framework, but also on concrete interactions: Caesar’s logisti-
cal needs led to a wider perception than Cicero’s very punctu-
al concerns for his brother’s villae. Our sources are nonethe-
less far from always offering such a climatic perception. The 
literary standards guiding historical writing strongly limited 
the mention of such facts, albeit with some exceptions, such as 
precisely in 54 BC when Caesar justified his actions as a mili-
tary commander by logistical necessity resulting from climat-
ic risk. Dendrochronological data gives us a continuous set of 
information, allowing us to place such punctual evidence in 
a historical perspective: they confirm that the meteorological 
problem that Caesar noted for 54 BC was actually real, but 
they show also that he remained silent on a very similar situ-
ation for 53 BC. From the historian’s point of view, the lesson 
brought here by dendrochronology is not only a factual indi-
cation, a bad year in 53 BC, it is also the not inconsiderable in-
formation on Caesar’s way of presenting and reconstructing his 
operations and their context.

Comparison with other climatic proxies concerns climatolo-
gy more so than history. Nevertheless, the historian can be led 
to note a striking coincidence between proxies: climatic diffi-
culties of 54 BC and 53 BC fit with the presence of strong vol-
canic forcing revealed by the analysis of the GISP2 ice-core 
(Zielinsky, 1995). How can we link these phenomena? What 

can we conclude? There is thus another interdisciplinary dia-
logue to be made with glaciologists and vulcanologists. 

From the historian’s point of view, climatic information is in-
teresting only with respect to its direct or indirect consequen ces 
on human society. The 54 BC drought is significant by its ag-
ricultural consequences: the low production of grain. It led to 
further consequences in the political and military fields, among 
others. Caesar chose to scatter his armies, with greater expo-
sure to Gallic rebellions. Dendrochronological data must lead 
us to question the relationship between societies and their en-
vironment in the region and the time period considered and to 
reconstruct the climatic risk for past societies. Climatic risk re-
sults from three independent components: the probability of a 
climatic event, the heritage of the society and its vulnerability, 
which is the social component of the risk. Therefore, interdis-
ciplinarity is again necessary. Through the chronological distri-
bution of pointer years, dendrochronological series allow con-
sideration of the probability of a climatic event. To assess the 
heritage of the society and its vulnerability, without neglecting 
the testimony of ancient authors, we must now increasingly rely 
on archaeological and palaeobotanical results, specifically on 
the results of carpology (Matterne, 2001). Nonetheless, vulner-
ability results from many more elements. A society has several 
ways to offset climatic risk which affects crops, and particular-
ly storage and trade procedures. The reaction of the populations 
to the agricultural consequences of a climatic event does not ex-
clusively depend upon the material economy, it must also be ex-
plained by their moral economy as defined by many social and 
cultural representations. Such matters have been well studied 
for modern times (Thompson, 1971; Root, 1990), but precise and 
complex historical reconstructions are barely attainable when 
addressing ancient history, apart from some very unique cases 
like the Roman urban plebe. However, we must ask these ques-
tions and propose hypotheses; the data available from dendro-
chronology makes it impossible for us to avoid them. Failing to 
rebuild a “moral economy” for Gaul during the conquest, we 
can point out the importance of gift giving, the generosity ex-
hibited in the attitude of Gallic elites and representations of le-
gitimate power, which had to adorn itself with signs of wealth 
and abundance (Lamoine, 2009, p. 143-146). Afterwards, for the 
cities of the Roman Empire, the local aristocracy exposed itself 
to the anger of the mob if it failed to secure good supplies of the 
city (Erdkamp, 2002). Having a proxy such as dendrochrono-
logy constructing an annual series that can identify extreme cli-
matic events offers us the possibility for better representation 
of the tensions and their frequency which affected these elites. 
The dendrochronological record thus has to be applied to the 
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broadest possible questions and can be compared with all of the 
other data available.

The components of dendrochronological climatic data them-
selves also raise the question of the relationship of societies to 
their environments, particularly in forests and woods: we can in 
this way address the dwindling number of trees available with 
respect to the Early Roman Empire. The amount of available 
data rapidly decreases from the first century AD, fairly quick-
ly limiting climatic analyses. The density of available dendro-
chronological evidence from 150 BC attests to the progressive 
intensification of exploitation of the environment. It also mir-
rors the prosperity of Gaul at the end of the La Tène period and 
its transformation under the Roman Empire, a transformation 
for which the most important element is the development of 
monumental urbanisation. But we can also consider rural de-
velopment: in general, the density of rural settlements increa-
ses during the High Empire, reaching its maximum in the sec-
ond half of the 2nd century AD. On the other hand, how can we 
give an account of the decline of available trunks during the 
High Roman Empire? The different biases that we can consider, 
such as the increasing importance of stone building or the lack 
of need to replace foundations posts for many buildings, can-
not account for the decline. Where the data allow it, the analy-
sis of found woods, as at Rotomagus (Rouen) and Samarobriva 
(Amiens), seems to evidence the overexploitation of wooded 
regions around the urban centre. In the 2nd and 3rd centuries 
AD, the woods come from coppice, beech and fir are used as 
substitute for oak, sawing techniques seem to have to change 
(Bernard, 2003). Dendrochronology raises the question of the re-
lationship between ancient society and their environment; it also 
offers inescapable elements for a response.

As a conclusion

Dendrochronological series are thus an invitation to intensify 
and renew studies of interactions between societies and environ-
ments, and to address the complexity of the relationship of an-
cient societies to climate by engaging in a real interdisciplinary 
dialogue. At the end of his chapter on evidence, Marc Bloch in 
his Apology for history concluded: But whatever the variety of 
accomplishments we may wish to ascribe to our best-equipped 
scholars, they will inevitably and, ordinarily very quickly, dis-
cover their own limitations. We have no other remedy than to 
substitute, in place of the multiple skills of a single man, the 
pooling of the techniques […]. This method presupposes a spir-
it of teamwork (Bloch, 1941 [2004], p. 57). More than ever we 
have to learn this lesson.
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Last-millennium summer-temperature 
variations in Briançonnais, French Alps, based 
on a composite larch tree-ring chronology

Summary

We present a tree-ring-based reconstruction of the last-millen-
nium summer temperature for Briançonnais in the French Alps. 
The wood samples are derived from multi-centennial living larch 
trees (Larix decidua Mill.) and also include larch timbers from 
historical constructions. The Regional Curve Standardisation 
(RCS) method was applied to preserve interannual to multicen-
tennial variations in this high-elevation tree-ring dataset. The 
proxies are inferred using a linear model and calibrated using 
the June to August mean temperatures from the last revised ver-
sion of the HISTALP database spanning the period 1760–2003 
and adjusted to take a warm bias before 1850 into account. 
The transfer function has cross-validated coefficients of corre-
lation (r) of 0.48 (0.42), reductions of error (RE) of 0.21 (0.27) 
and coefficients of efficiency of 0.20 (0.16). The concordance of 
the Briançonnais temperature reconstruction with other Alpine 
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records suggests that the transfer function has successfully re-
constructed past summer temperature during the last millenni-
um. Evidence was found for a warm episode between 900 and 
1200, and a cold phase between 1500 and 1850. These events are 
possibly correlated to the so-called “Mediaeval Warm Period” 
(MWP) and “Little Ice Age” (LIA) and the model reconstructed a 
summer temperature decrease by more than 2°C for the LIA com-
pared with the temperature prevailing during the MWP.

Introduction

To date, many temperature reconstructions have been produced 
from local tree-ring chronologies and regional-scale network 
compilations. However, most of them span only the last 300–
500 years. There are few that extend back prior to 1000. This 
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lack is very apparent in Jansen et al. (2007), who showed only 
16 locations globally from which tree-ring data have been used 
in millennium-long temperature reconstructions. The scarcity 
of wood from the early part of the last millennium limits the 
assessment of climate variations during the putative Medieval 
Warm Period (MWP) (Lamb, 1977). These difficulties may be 
overcome by combining data from living trees, dry dead and 
sub-fossil wood (Nicolussi and Schiebling, 2002) as well as 
timber from archaeological sources. This is done here for the 
Briançonnais region (French Alps) using living trees and his-
torical samples from elevations > 1,500 m a.s.l., where sum-
mer temperature is the main limiting factor for many Alpine 
tree species (Frank and Esper, 2005). The aim of this study is to 
demonstrate the potential of this composite chronology, going 
back to 751, to reconstruct summer temperature variations for 
the region. Results are compared to existing Alpine reconstruc-
tions in order to place our regional reconstruction scale findings 
within an alpine context. The ultimate aim is to improve our 
knowledge of spatio-temporal variability of temperature in the 
GAR, particularly during the MWP.

Material and methods 

The tree ring-data

The tree-ring widths (TRW) used originate from the 
Briançonnais-Queyras-Embrunais region in the French Alps 
(44°45-45°00N, 6°30-6°45’E, Fig. 1). The wood samples were 

derived from multi-centennial living larch trees (Larix decid-
ua Mill.; Fig. 2a) and also includes larch timbers from histori-
cal constructions (Édouard, 2007; 2008; Édouard and Thomas, 
2008; Fig. 2b). From each living and dead tree, two to three 
cores were extracted with an increment borer at breast height 
on the cross-slope sides of the trunk. Sections were sampled on 
tumbledown buildings or on buildings under restoration from 
various parts of the wood structure, such as roofs (beams, purl-
ins, rafters), load-bearing walls, ceilings and floor joists.

Individual tree-ring series from the same tree (core and ra-
dius of a section) were first cross-dated. Using both statisti-
cal and graphical programs, e.g. TSAP-Win™ (Rinn, 1996) 
and Dendron II (Lambert, 2006; Fig. 3), the interannual ring-
width variability within each mean-tree series was compared 
against all other series and against local or regional chronolo-
gies. Before the 14th century, the millennium-long master chro-
nology for the Merveilles valley (Mercantour; Serre, 1979) was 
used as reference. This procedure is known as “cross-dating” 
(a description of “European style” cross-dating methodology is 
given in Schweingruber, 1988). In order to identify locally ab-
sent rings, eliminate measurement errors and ensure relative 
and absolute dating accuracy, the quality of cross-dating was 
repeatedly checked with several statistical measurements (co-
efficient of correlation, coefficient of coincidence, Student’s t 
test). Problematic samples, because of missing rings or distort-
ed growth patterns, were removed from the dataset. First, series 
were combined on a site-by-site basis. Finally, the larch data 
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Fig. 1

Map of France and location of the tree-ring sites used for the reconstruc-

tion; all tree-ring sites are above 1,900 m a.s.l., except Puy-Saint-Vincent.
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were “horizontally” split into two groups representing samples 
from living trees and historical wood. Hence, two standardisa-
tion runs were calculated.

Detrending method

The annual growth of a tree, manifest as tree-ring width (TRW), 
may in theory be attributed to a restricted number of different 
growth-controlling factors (Cook, 1990). In this study, sampled 
trees live close to their climatic limit of distribution and tree 
growth is assumed to be forced by two dominant factors: cli-
mate (Tranquillini, 1979) and age/size of individual trees. The 
living and dead trees are located near the sampled historical 

buildings, though ecological conditions are hypothesised to be 
identical for both populations. Non-climatic environmental fac-
tors will certainly have been important for individual trees at 
different times, but these factors are regarded as haphazard 
events with random distribution over space and time. To pre-
serve long-timescale climate variability in long tree-ring chro-
nologies while removing most of the age related variance, RCS 
was applied (e.g. Briffa et al., 1992). This is an age-dependent 
composite detrending method, where (1) a given number of 
power transformed measurements are aligned by cambial age, 
(2) a single growth function [regional curve (RC), smoothed 
using a spline function of 10% of the series length] is fit to the 

CHRISTOPHE CORONA ET AL.

Fig. 2

A  Multi-centennial living larches in the upper part of the Oriol forest.

  © J.-L. Édouard, Centre Camille Julian – UMR 6572, CNRS

B  A mountain summer barn composed of larch boles in log-cabin style 

  (Névache, Hautes-Alpes). © J.-L. Édouard, Centre Camille Julian –  

  UMR 6572, CNRS

Fig. 3

Correlation matrix of the tree-ring series from the Buffères buildings and 
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mean of all age-aligned measurements, and (3) the deviations 
of the measurements from this smoothed growth function are 
calculated as residuals (details in Esper et al., 2003). All de-
trended series are averaged to chronologies using the biweight 
robust mean (Cook and Kairiukstis, 1990). The variance is sta-
bilised to minimise the effect of changing sample size using a 
technique that considers the number of samples per year and 
the cross-correlation between the single measurements (Osborn 
et al., 1997). The signal strength and confidence in the stand-
ardised chronologies are assessed by calculating R-BAR and ex-
pressed population signal (EPS) statistics in a 50-year window 
moved in 25-year steps over the total length of the series (Wigley 
et al., 1984). The R-BAR statistics is a measure of the average 
inter-correlation of all overlapping series, while EPS denotes 
the percent common signal. EPS is related to R-BAR and to the 
number of replicate series, with EPS values above 0.85 general-
ly regarded as satisfactory (Wigley et al., 1984).

Growth-climate relationships

Monthly-homogenised records of temperature and precipita-
tion from the HISTALP database (Auer et al., 2007) were used 
in order to identify climatic signals in the composite chronolo-
gy and to investigate the optimum season for a climate recon-
struction. This dataset consists in point values, gridded at 1° - 1° 
(temperature) and 0.1° × 0.1° (precipitation), lat × long, repre-
senting deviations from the 1961–1990 mean. It results from a 
dense network of 134 meteorological stations, extends back to 
1760 and covers the Greater Alpine Region (GAR, 4-19°E, 43-
49°N, 0-3500 m a.s.l.). We used its latest version, adjusted to 
take into account a warm bias in summer temperature related to 
the insufficient sheltering of thermometers before 1850 (Böhm 
et al., in press). Monthly mean series are calculated from the 
values at four HISTALP points (44-46°N, 6-7°E) enclosing the 
Briançonnais. Correlation coefficients between these four points 
over the 1760–2007 common period range from 0.89 to 0.99, 
demonstrating a rather homogenous climate field over the study 
area. Correlation analyses using previous-year April to current-
year October monthly data and the RCS composite chronology 
were carried out. They give an indication of the direction and 
relative strength of the climatic forcing.

Calibration and verification

A linear regression model was calibrated between JJA tempera-
tures and the RCS composite chronology for the period 1760–1995. 
The fidelity of the reconstruction equation was tested in a cali-
bration/verification exercise (Fritts, 1976; Cook and Kairiukstis, 
1990) where the HISTALP mean summer (JJA) temperature was 

split into two independent 117-year periods. A linear regression 
was fitted over the calibration period, and the derived coeffi-
cients applied to the tree-ring data in the verification period. This 
scheme produces independent estimates of temperature that can 
be compared to the instrumental temperature data. The verifi-
cation results were tested using the squared Pearson correlation 
(R2), reduction of error (RE) and coefficient of efficiency (CE). 
The R2 statistics, ranging from 0.0 to 1.0 is a measure of the pro-
portion of variation explained by the regressor in the model. The 
RE and the CE statistics both range from minus infinity to + 1.0 
with RE > CE; values greater than 0 give confidence to the model 
performance (Fritts, 1976; Briffa et al., 1988). Of these three sta-
tistics, CE is the most difficult to pass (Cook et al., 1994).

Results

Chronology characteristics

A total of 561 increment cores were collected, processed and 
measured using standard dendrochronological techniques 
(Fritts, 1976). These cores include 185 samples from living or 
dead trees from 14 locations > 2,000 m, 336 samples from tra-
ditional buildings (mountain summer chalets and chapels) and 
40 samples from an archaeological mining site (Freissinières-
Fangeas; Py, 2009). These historical objects are all located above 
1,900 m a.s.l., except for a chapel located at about 1,600 m a.s.l. 
(Puy-Saint-Vincent).
By including the dry dead samples and the samples from his-
toric buildings, progressively older material could be cross-dat-
ed and thus the record of precisely dated tree rings could be ex-
tended back to 751 while the outermost ring in the living trees 
was produced during the summer of 1995. However, the data 
are not continuous over the last 1,250 years. A gap exists be-
tween 1304 and 1337.

Sample replication and chronology characteristics for each 
site and for both groups (“living trees” and “construction 
wood”) are detailed in Table 1. The number of series per dataset 
varies considerably from 8 (Granon 3) to 323 (Névache gran-
ges). The mean segment length (MSL) – the average number 
of rings per core or disc – ranges from 139 years (Puy-Saint-
Vincent) to 458 (Echalp), with a mean of 270 years. These val-
ues are important since the segment lengths of the individual 
detrended series fundamentally limit the maximum wavelength 
of recoverable climatic information (Cook et al., 1995). The 
average annual growth rate of 0.82 mm varies between 0.61 
(Oriol, Puy-Saint-André) and 2.57 mm (Pas d’Archail). Both 
groups considerably differ in: (1) the temporal distribution of 
the constituent series with older series, before 1303 sampled on 
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Table 1

Characteristics of the tree-ring sites: site name, species, location, exposi-

tion, period covered by the chronology, number of individual tree-ring width 

series (Nb series), Mean Series Length (MSL in years), Average Growth 

Rate (AGR in mm) and source (DENDRODB: http:// dendrodb.cerege.fr).
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Species

LADE 

Longitude (E)

6.7038

Latitude (N)

44.9168

Altitude

(m a.s.l.)

2,000

Period (AD)

1640-1995

Nb series

13

MSL (years)

269

AGR

(mm/year)

0.7

Source

Guibal, 

DENDRODB

Site

Bois des Bans

6.53861 45.0294 2,180 1491-1989 18 372 0.67 ÉdouardChardonnet

6.43057 44.8678 2,150 1557-1995 16 289 0.77
Guibal, 

DENDRODB
Clapouse

7.00056 44.7612 1,930 1338-1995 24 458 0.8 ÉdouardEchalp

6.5047 44.7255 1,990 1542-1990 21 317 0.75 Édouard
Fressinières-

Grand Bois 1

6.5047 44.7256 1,930
778-1214 

1474-1992
40 236 1.35 Édouard

Fressinières-

Grand Bois 2

6.63197 44.9731 2,230 1710-1993 12 228 0.88
Petitcolas, 

DENDRODB
Granon 1

6.61771 44.9692 2,250 1734-1993 8 222 0.65
Petitcolas, 

DENDRODB
Granon 3

6.73177 44.8386 2,150 1734-1993 12 229 0.69
Petitcolas, 

DENDRODB
Izoard

6.63184 44.8652 2,150 1752-1995 13 188 1.17
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DENDRODB
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751-1303 

1357-1894
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6.56666 44.88333 2,300 1651-1994 14 274 0.61
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Puy-
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751-1303 

1357-1894
376 178 0.72

Historical 

series

6.43-7.00 44.72-45.02 1,930-2,300 1338-1995 185 290 0.93
Living tree 

series

6.43-7.00 44.72-45.02 1,600-2,300
751-1303 

1357-1995
561 178 0.83

Composite 
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historical buildings (Fig. 4a); (2) the average cambial age of 
the constituent tree rings for each year (Fig. 4b); (3) their mean 
growth rates of 0.72 and 0.91 mm; (4) and mean segment length 
of 290 and 178 years, respectively (Tab. 1).

While the estimated TRW trends are remarkably similar for 
both groups (Fig. 4c and 4d), a slight but systematic le vel off-
set between the TRW growth trends is seen. The RC based on 
the historical series indicates generally a larger width com-
pared to the RC of the living tree series, with largest differen-
ces found during the juvenile growth. The resulting RCS chro-
nologies of the historical and living trees cover the periods from 

751 to 1894 (with a gap between 1304 and 1337) and from 1338 
to 1995 (Fig. 5a and 5b). The R-BAR values for the historical 
(mean: 0.48) and living tree chronology (mean: 0.45) are quite 
similar and the confidence in both chronologies is high (Fig. 5c 
and 5d), with EPS values typically above 0.85. In the historical 
chronology, EPS is on average 0.96, but with critically low val-
ues in some periods, particularly before 901 and between 1210 
and 1304. In the living trees chronology, EPS is < 0.85 between 
1338 and 1413.

Finally, after standardisation, both RCS chronologies corre-
late at 0.57 over the well-replicated period of overlap from 1413 
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Fig. 4

A  Temporal distribution of the 376 historical (black) and 185 living trees (red), samples ordered by their innermost ring.

B  Mean cambial age of the historical and living trees samples for each calendar year.

C & D Regional curves (RCs) of the age-aligned living trees (c) and historical (d) timbers. The number of replicates for each year (sample depth)

  is shaded in grey.
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Fig. 5

RCS standardised chronologies for historical (black, a), living trees (red, b) and composite TRW (black, e), with their corresponding EPS (c) and R-BAR 

(d) values plotted for 50-year windows with 25-year overlap. The number of replicates for each year (sample depth) is shaded in grey.
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to 1894. They are weighted by the number of series and aver-
aged into a composite chronology for further analysis (Fig. 5e). 
After truncation at EPS > 0.85, it covers the periods 900–1210 
and 1413–1995.

Growth/climate response

The TRW chronology has a significant positive response to 
June-August (JJA) temperature (Fig. 6a); the JJA seasonal mean 
correlated highest (0.39). The moving 31-year correlation, con-
sidering the June, July, August and JJA seasonal mean indi-
cates variable relationships for the individual monthly mean 

temperatures (Fig. 6b). Weaker correlations are obtained before 
1880, and for August until 1940. Results for JJA are temporally 
more stable after 1880 and persistently significant at p < 0.05. 
No correlation with previous-year temperatures is significant at 
p < 0.05 and correlations with precipitation are weak. 

Calibration/verification trials

When the composite chronology is used in a linear regression, 
the R2, RE, CE, calibration and verification statistics against JJA 
mean temperatures indicate reconstructive skill against instru-
mental temperature data (Tab. 2) (r = 0.42 and 0.48, RE = 0.21, 
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Fig. 6

Climate response of the composite RCS chronology. (a) Correlations with 

the HISTALP monthly mean temperatures (black) and precipitation (grey) 

of the previous and current year (1760–1995). [b), inset to a)] Moving 

31-year correlations with current-year June (light grey), July (dark grey), 

August (black), and JJA (dotted black) mean temperatures. Horizontal lines 

denote 95 and 99% significance levels.
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0.27 and CE = 0.20, 0.16). These calibration and verification sta-
tistics demonstrate some useful information preserved by the 
model (Cook et al., 1994). The mean discrepancy between re-
constructed and instrumental temperatures is -0.3°C (Fig. 7a) for 
the 1760–1995 period. Discrepancies are maximal at 1931 (+1.5°C) 
and 1909 (-1.29°C). When the curves are smoothed with a 10-year 
low-pass filter (Fig. 7b), r = 0.62 and 0.71 for the calibration and 
verification periods, respectively. The maximal discrepancies oc-
cur around 1790, 1890 and 1970. Interestingly, no divergence with 
early instrumental data and during the last decades is found.

751–1995 climate reconstruction

The reconstruction of summer temperature was made using the 
regression weight for the HISTALP June–August mean temper-
ature and the full 1760–1995 calibration period (Tab. 2). The 
reconstructed values are expressed as temperature (1/10°C) 
anomalies from the 1961–1990 baseline. The new reconstruction 

shows summer temperature variations in the Briançonnais re-
gion over the last 1,200 years with major confidence during the 
periods 900–1210 and 1413–1995 (Fig. 8a). The maximum ampli-
tude is about 5°C with the warmest summers occurring around 
1990 and the coldest summers occurring around 1810. On the 
decadal-to-centennial timescales, notably cold periods occur 
around 850, 1050, 1520, 1590, 1650, 1690, 1810, 1910 and 1970. 
Notably warm periods occur around 1020, 1150, 1470 and 1990. 
The 60-year long warm period centred around 1150 is especial-
ly noticeable while it appears as warm as the late 20th century.

Discussion

Briançonnais climate history and possible bias in temper-

ature reconstruction

A composite larch chronology is used to reconstruct past tem-
peratures in the Briançonnais region until 751. This chronology 
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Table 2

Calibration and verification results.
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Calibration period 1878-19951760-1877 1760-1995

Correlation R 0.480.42 0.45

Explained Variance R2 0.240.18 0.21

Observations 118118 236

Regression weights

TRWt 22.0321.54 21.96

Constant -24.23-25.16 -24.88

Verification period 1760-18771878-1995

Explained Variance R2 0.180.24

Reduction of Error RE 0.270.24

Coeff. of Efficiency CE 0.160.20
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Fig. 7

A  The regression equation was tested in a cross calibration/verification 

exercise using the RCS-chronology and the HISTALP mean summer 

(June–August) temperature. The data were split in two 118-year peri-

ods: 1760–1877 and 1878–1878. The regression coefficients derived 

from the first period were used to reconstruct temperatures in the 

second period, and vice versa, thus producing two sets of independ-

ent data.

B  The instrumental temperature is shown in black and estimates in red 

for unfiltered and 20-year low-pass dataset.
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yielded a high correlation to JJA temperature (Tab. 2) as demon-
strated by several authors (e.g. Serre, 1979; Rolland et al., 1998; 
Carrer and Urbinati, 2004; Frank and Esper, 2005; Corona, 
2010). Coldest summers are in 1353, 987 (both -3°C) and 1045 
(-2.9°C). Warmest summers are in 1265 (+3.8°C), 756 (+3.6°C) 
and 1394 (+2.7°C). We have identified 33 years cited as very cold 
and 23 cited as very warm in the literature concerning the Alps 
(Leroy Ladurie, 1967; Pfister 1980; Casty et al. 2005; Büntgen 
et al. 2005, 2006). We found that 75% of the summers known as 
cold are reconstructed as cold and that roughly our reconstruc-
tion is in agreement with this literature. For the warm summers, 
only 50% are reconstructed as warmer than the reference peri-
od (on average). Missing and exceptionally narrow rings, likely 
caused by larch budmoth (LBM, Zeiraphera diniana Guénée) 
outbreaks (e.g. Esper et al., 2007) might explain this discrepan-
cy. For example, 1676, 1685 and 1811 are cited as warm years in 
the historical literature but they are also characterised by LBM 
outbreaks in the Alps (Esper et al., 2007). For that reason, they 
are characterised by negative anomalies in our reconstruction 
(-0.8, -1.3, -1.9°C, respectively). Similarly, several years cited 
as warm and dry in the historical literature, e.g. 1420 (Le Roy 
Ladurie, 1967), 1523 (Wilson et al., 2005), 1603 (Casty et al., 
2005), 1686 (Wilson et al., 2005), 1781 (Casty et al., 2005) ap-
pear cool in the reconstruction. These discrepancies are related 
to the drought sensitivity of Southern Alpine larch populations 
resulting in abnormal narrow rings.

The correlation between the reconstructed and measured JJA 
temperatures significantly increases after smoothing the ring 
width record by a 10-year low pass filter. This shift is related to 
the periodic (8–9 years) population waves of the larch budmoth 
(Esper et al., 2007). It confirms their feeding on needles, which 
typically cause growth reductions in the year of damage and 
in subsequent years. This affects the climatic signal particular-
ly in the higher frequency, inter-annual domain. For this rea-
son, the following climate discussion was focused on the medi-
um frequency variations.

The Briançonnais temperature history reports warm sum-
mers during much of the 10th, 12th and late 13th centuries (Fig. 8a). 
This period, associated with the Medieval Warm Period (Hughes 
and Diaz, 1994; Esper et al., 2002), is characterised by signifi-
cant inter-decadal temperature variations, with warm decades 
centered around 1020, 1160 and 1240. High summer tempera-
tures are also inferred prior to 1000, but caution with this obser-
vation is warranted as this period is characterised by low sam-
ple replication (Fig. 8a) and low EPS values.

In our reconstruction, the Little Ice Age (LIA; Grove, 1988) 
is well marked and the cold period extends from 1500 to 1850 

but the transition MWP-LIA remains temporally imprecise due 
to the gap and the associated uncertainties in the reconstruction 
between 1220 and 1420. Cooler conditions during the LIA are ac-
companied by significant inter-decadal variations. Low temper-
atures are reconstructed in the 1520s, around 1600, around 1700 
and from 1815–1820. The inter-decadal variations seen since 1760 
are in line with JJA temperatures recorded in the Alps (Fig. 7a 
and 7b). We do not observe any misfit between our reconstruc-
tion and the respective instrumental data before around 1840 as 
described in several papers (Büntgen et al., 2005; 2006; Frank 
et al., 2007; Corona et al., 2008; 2010). This improvement may 
be related to the adjustments made on the HISTALP dataset to 
take into account sheltering-related biases before 1850.

Since the 1820s, temperatures increased until the end of the 
record in 1995. Because of uncertainties in the proxy-instrumen-
tal temperature calibration, it is still difficult to unequivocally 
assert that the late 20th century warming is significantly greater 
than the peak warmth during the Medieval Warm Period. But 
there is even less justification to assert the opposite – it is not 
possible to make a robust statement that the Medieval Warm 
Period was warmer than the last two decades of the 20th cen-
tury (Fig. 8a).

Comparison with other climate reconstructions

Among the previous reconstructions of late-Holocene climate 
changes available in the Alps, we selected, as reference climate 
records to validate the Briançonnais temperature reconstruc-
tion: (1) the Great Aletsch glacier history (Holzhauser et al., 
2005; Fig. 8b); (2) the Lake Anterne temperature reconstruc-
tion derived from chironomid [fossil insects indicating past en-
vironmental changes] assemblages (Millet et al., 2009; Fig. 8c); 
(3) the speleothem [mineral deposit]-based temperature re-
construction in Spannagel Cave (Austria, Mangini et al., 2005; 
Fig. 8c); (4) the reconstruction of River Rhône flooding ac-
tivity from Lake Bourget (Arnaud et al., 2005; Fig. 8d); (5) 
the summer temperatures reconstructed from larch TRW and 
Maximum Density (MXD) series from the Swiss and Austrian 
Alps (Büntgen et al., 2005; 2006; Fig. 8e).

Past variations in the length of the Great Aletsch glacier are 
well-documented over the last 3,500 years on the basis of tree-
ring studies of subfossil wood found in situ in the glacier fore-
field and its surroundings. This chronology is supported by 
radiocarbon and tree-ring dating, moraine studies and annu-
al direct observations since 1892 (Holzhauser et al., 2005). In 
Lake Anterne (2,060 m a.s.l.), Millet et al. (2009) presented a 
chironomid-based reconstruction of late-Holocene temperature. 
Chironomid assemblages were studied in 49 samples along an 
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8 m long sediment core covering the last 1,800 years. July air 
temperatures were inferred using an inference model based on 
the distribution of chironomid assemblages in 100 Swiss lakes. 
The temperature reconstruction by Mangini et al. (2005) is 
based on the precisely dated isotopic composition of a stalag-
mite from Spannagel Cave (2,524 m a.s.l.) in the Central Alps of 
Austria. The stalagmite was dated using the U/Th method and a 
∂18O profile was converted into yearly temperatures. Although 
it concerns the whole year, this reconstruction is used for com-
parison because it is fully independent from our dataset. In Lake 
Bourget, Arnaud et al. (2005) reconstructed the Holocene evolu-
tion of the River Rhône flooding activity by measuring the typ-
ical mineralogical fraction transported by the river and diluted 
by the autochthonous carbonate fraction within the lake. This 
series covers the last 7,200 years and was dated with nine AMS 
14C measurements. Finally, annually resolved summer tempera-
tures were reconstructed for the European Alps at high temporal 
resolution by Buntgen et al. (2005, 2006). The reconstructions 
cover the periods 951–2003 (755–2004) and are based on recent 
and historical larch ring-width (maximum density) series.

Changes in tree-ring-inferred temperatures were within the 
prediction error of the model. However, the decadal to centennial 
temperature variability inferred from the Briançonnais tree-ring 
composite chronology matches the climate history inferred from 
other proxies in the Northern and Central Alps (Fig. 8) as follows:

- The high temperatures reconstructed in the Briançonnais be-
tween 900 and 1200 match with a major glacier retreat in the 
Northern Alps, a period of reduced Rhône flooding activity and 
high temperature reconstructed from chironomids, speleothems 

and larch series. In detail, between 1020 and 1180, the tree-
ring reconstructions are remarkably synchronous with a cold 
phase in the mid-11th century and hot summers reconstructed 
around 1180. The sharp decline in the reconstructed tempera-
tures around 1050 should be related to the Oort Solar Minimum 
(Büntgen et al., 2006). It is in phase with the beginning of a 
Great Aletsch glacier advance event reported by Holzhauser et 
al. (2005) but is observed neither in speleothems nor in lake sed-
iments. Between 1150 and 1220, hot summers reconstructed from 
tree rings coincide with a peak in July temperatures reconstruct-
ed from chironomid assemblages in Lake Anterne (Millet et al., 
2009) and predate a major phase of glacier advance (1250).

- The LIA lasting from 1500 to 1850 in the Briançonnais coincides 
with an Alpine glacier re-advance, a period of increased sedi-
ment supply in Lake Bourget and a decrease in summer temper-
ature reconstructed from other speleothems, chironomid assemb-
lages and alpine larch series (Fig. 8). The cold period that occurs 
around 1690 is also visible in other proxies and particularly with 
a major period of glacial advance and flooding activity. This so-
called “Maunder Minimum” period coincides with an enhanced 
concentration in atmospheric 14C (Stuiver and Braziunas, 1993), 
several large volcanic eruptions (Briffa et al., 1998), a reduced 
solar activity and a low number of sunspots (Maunder, 1922; 
Eddy, 1976; Lean et al., 1995). During the Dalton Solar Minimum 
(1810), a series of tropical eruptions (1808–1815), likely result-
ed in an aerosol-accumulated summer cooling effect (Dai et al., 
1991; Chenoweth, 2001). This volcanic forcing has been demon-
strated to be largely responsible for the drop recorded in tree-
ring series and glacier advance whereas changes in solar forcing 
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Fig. 8

Comparison of the Briançonnais JJA temperature reconstruction with re-

gional temperature reconstructions. All reconstructions were 20-year low-

pass filtered. a) Our raw (grey) and low-pass filtered (black) reconstruc-

tion is compared with b) the advance/retreat history of the Great Aletsch 

glacier (Switzerland, Holzhauser et al., 2005); c) the chironomid-based 

temperature reconstruction at Lake Anterne (France; Millet et al., 2009) 

and the speleothem-based temperature reconstruction in Spannagel 

Cave (Austria; Mangini et al., 2005); d) the reconstruction of the River 

Rhône flooding activity in Lake Bourget (France; Arnaud et al., 2005); e) 

the Alpine temperatures derived from Larix decidua ring width and wood 

density series (Büntgen et al., 2006). All tree-ring temperature reconstruc-

tions were transformed to z scores (deviation from the mean expressed in 

standard deviations) over the 951–1995 common period.
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and the increasing atmospheric CO2 concentrations were of mi-
nor importance (Wagner and Zorita, 2005).
- Since the mid-18th century, the Briançonnais temperature re-
construction tracks the post LIA warming recorded in meteoro-
logical series (Fig. 7) and attributed to the increasing forcing in-
duced by human activities (Wanner et al., 2008), such as rapid 
land cover change, increase of greenhouse gases and aerosols, 
and stratospheric ozone depletion. This evolution is synchro-
nous with the Great Aletsch Glacier retreat and is recorded in 
many other climatic records from the Alpine region (e.g. Leroy-
Ladurie, 1967; Edouard, 1994; Holzhauser et al., 2005; Mangini 
et al., 2005; Zumbuhl et al., 2008).

Conclusion

A new larch composite chronology is presented integrating sam-
ples from wooden buildings with living and dead trees. This 
chronology provides evidence of summer temperature varia-
tions in the Briançonnais, back to 750, revealing the impor-
tance of archaeological wood, especially before 1500, a period 
for which material from living or dead trees is scarce. It indi-
cates a high variability of summer temperature in the Northern 
French Alps during the last 1,250 years. At a hemispheric or glo-
bal scale the existence of the LIA and MWP has been questioned 
(Jones and Mann, 2004). The present temperature reconstruc-
tion, however, together with the reconstruction of Alpine glacier 
fluctuations, major Rhône river flooding activity, summer tem-
perature derived from Larix decidua, speleothems and chirono-
mid assemblages confirm the existence of several significant cli-
matic changes during the last 1,250 years in the French Alps and 
more specifically the MWP and the LIA.

Moreover, the Briançonnais reconstruction indicates a rela-
tively high magnitude of change in the inferred summer tem-
perature. The temperatures reconstructed during the hottest pe-
riods of the MWP reach values close to the 1980–1995 mean JJA 
temperature. In comparison with conditions prevailing during 
MWP, the LIA coldest events were characterised by a cooling of 
about 1.5°C (Maunder Minimum) and 1.3°C (Dalton Minimum). 
These results match well with the magnitude of temperature 
changes reconstructed in the Alps for the LIA cooling from o ther 
proxies, such as oxygen isotopic composition in speleothems 
(Mangini et al., 2005) and the Larix decidua ring width and 
density series (Büntgen et al., 2005; 2006).

A detailed discussion of the relationship between human so-
ciety and climate, the complexity of which has been stressed 
by previous studies (e.g. Berglund, 2003), lies well beyond 
the scope of this article. However, the results obtained in the 

Briançonnais provide the opportunity to briefly point to the 
possibility of impacts of climate variations on human activi-
ties in such an elevated Alpine area. Several authors have al-
ready discussed the coincidence of climatic reversals and re-
duced human activity in sensitive regions (e.g. Berglund, 2003). 
In the Briançonnais, large fluctuations in summer temperature 
as shown in this study might have at least partly influenced the 
land-use activities in alpine high-elevation sites. Thus, the lack 
of archeological wood around 1300 coincides with the transition 
between MWP and LIA recorded in other proxies, sees a ma-
jor advance in Grindewald glacier length and a strong cooling 
recorded in chironomid assemblages from Lake Anterne, tree-
ring series in Central Europe and oxygen isotopic composition 
in speleothems. Interestingly, this period also corresponds to the 
end of mining activities in the high altitude mine of Brandes 
(neighbouring Oisans massif) probably triggered by increasing 
environmental and climatic constraints (Bailly-Maître, 1996).
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The influence of historic forest
management practices on oak
chronology building in Flanders

Summary

A continuous oak chronology for the region of Flanders in north-
ern Belgium has been under construction for nearly a decade. 
To date, local chronologies covering the Roman Era, Middle 
Ages and modern period are available. However, some gaps 
still need to be “filled”. One of the major problems in construct-
ing local chronologies is the frequent occurrence of fast-grown 
archaeological oak timbers. Their short growth-ring patterns 
hamper statistical cross-dating and verification. However, these 
growth patterns contain valuable information about past grow-
ing conditions, and anomalies in the wood anatomy reveal spe-
cific interventions by men.

A detailed analysis of the growth patterns from historical 
wood samples allows us to obtain an image of the original 
woodland. For example, when comparing growth patterns from 
archaeological timbers with tree-ring series of living trees, the 
series of the fast-grown archaeological samples are often high-
ly similar to the growth patterns of shoots on coppice stools.

When examining the wood anatomy of archaeological oak 
samples in more detail, some conspicuous features, such as sud-
den reductions in earlywood vessel diameter and ring width, 
can be observed and quantified. Some features can be relat-
ed to special trimming techniques as pollarding or shredding. 
At particular locations in Flanders, examples of such trimmed 
trees can still be found today.

Although archaeological wood samples often provide sub-
optimal wood for dating purposes, archaeology is the most im-
portant source of wood samples that are suitable to construct 
a local reference chronology. This is mainly because wood 
from historical buildings often has a non-local origin. Indeed, 

Kristof Haneca
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Flanders has a long tradition regarding timber import, and vast 
amounts of building timbers have been imported from remote 
regions. Therefore dendro-provenancing studies are of utmost 
importance. All measured tree-ring series should be scrutinised 
in order to verify their origin.

The goal of this paper is to elucidate the progress in den-
drochronological research in Flanders, a region where forests 
experienced a long history of intense human influence. It will 
be illustrated how such anthropogenic pressure on historical 
woodlands still influences dendrochronological studies today 
and how tree rings can provide valuable information about his-
torical forest management practices and wood production.

Introduction

Dendrochronology attempts to read and interpret the life sto-
ry of trees by means of their growth-ring pattern. Synchronised 
tree-ring patterns of wood originating from a confined region 
enables building of a reference calendar that serves as a dat-
ing tool for archaeological and building timbers, art-historical 
objects and wooden cultural heritage in general (Eckstein et 
al., 1984; Haneca et al., 2009a). Additionally, the tree-ring pat-
tern of a tree can provide more details about local growing con-
ditions, forest dynamics and historical woodland exploitation 
(Fritts and Swetnam, 1986; Schweingruber, 1996).

To date, no long and well-replicated reference chronology ex-
ists for the Flemish region. For years, dendrochronological dat-
ing of local archaeological timbers was trapped in a vicious cir-
cle where it was argued that no tree-ring dating was possible due 

KRISTOF HANECA

067



to the lack of a local reference chronology, and no local refer-
ence chronology could be built since no local wood was dated to 
the year. On the contrary, wood from roof framings of historical 
buildings escaped this circular reasoning. Many medieval con-
struction timbers were imported from remote areas (Houbrechts, 
2002). Therefore, these timbers can be dated with existing refer-
ence calendars from their approximate region of origin (see e.g. 
Eeckhout and Houbrechts, 2002). Over the last ten years, unde-
niable progress has been made in the implementation of den-
drochronology in archaeological fieldwork. Wood from archaeo-
logical sites has been examined more frequently and it has been 
proven that dendrochronological studies can indeed provide re-
liable dates (e.g. Haneca, 2005; Haneca et al., 2009b).

Flanders has been one of the most densely populated are-
as in Europe since the Roman period. As a consequence, forests 
within this region experienced a high anthropogenic pressure 
(Tack et al., 1993). This is often reflected in the growth pat-
terns of historical timbers. Much of the historical growth pat-
terns are characterised by abrupt variations in ring width, re-
lated to human-induced pulses on tree growth. These pulses in 
the growth patterns are often the stumbling stone for dendro-
chronological dating of local wood, especially when considering 
the number of fast-grown timbers that are encountered in ar-
chaeological excavations or within roof constructions of histor-
ical buildings. These timbers only provide a limited number of 
tree rings that can be read on a cross-section of the wood. This 
hampers the basic procedures of dendrochronology, i.e. cross-
dating (Hillam et al., 1987). Although unsuited for exact tree-
ring dating, their conspicuous growth pattern contains valua-
ble information regarding past forest dynamics and woodland 
management. Therefore, they have the potential to act as an 
important source of information for landscape reconstruction.

This overview attempts to elucidate the progress in dendro-
chronological research in Flanders, a region where forests ex-
perienced a long history of intense human influence. It will be 
illustrated how this anthropogenic pressure on historical wood-
lands steers dendrochronological studies today and how tree 
rings can provide valuable information about historical forest 
management and wood production.

Materials and methods

Archaeological sites and historical buildings

Over the last decade, wood from ca 45 archaeological sites 
has been examined chiefly at Ghent University1 (Fig. 1), and 
from 2008 onwards at the Flanders Heritage. Some of these 
sites provided vast amounts of oak timber (Quercus robur L. or 

Q. petraea [Matt.] Liebl.). For instance, preserved water wells 
from the Roman castellum at Oudenburg yielded dozens of oak 
timbers. The planks and poles from a double well (Vanhoutte 
et al., 2009) were dated by dendrochronology, yielding a precise 
felling date of 379/80 AD. Nearly all oak timbers from this re-
markable double well display an even more remarkable growth 
pattern. The timbers were characterised by very wide rings and 
display a pronounced and suddenly decreasing growth trend. 
On the contrary, wood from the frame of a water well from 
the preceding occupation phase at the fort, with a felling date 
between 260 and 275 AD (Haneca, 2009), has a very regular 
growth pattern with clearly smaller ring widths compared to the 
wood from the “double water well”.

Some other examples of archaeological sites where numer-
ous timbers were preserved are the excavations that took place 
in and near the medieval town of Ypres. Dozens of archaeologi-
cal timbers from residential and patricians’ houses, sheet pilings 
and a harbour were collected. Prior to sampling for the dendro-
chronological study, no distinction was made between the tim-
bers, as regards size or species. The most abundant wood species 
proved to be oak. In total, more than 261 growth patterns were 
measured and 31% of them could be dated. These were pooled 
into a local chronology ranging from 1132 to 1362 AD (Haneca 
et al., 2006; Haneca et al., 2009b).

Over the past decade, many roof framings of historical build-
ings in Flanders have been dated, chiefly by the team of Patrick 
Hoffsummer (ULg).2 In contrast to the archaeological oak 
wood, building timbers often proved to be of non-local origin, 
especially when considering buildings in important medieval 
cities, such as Bruges or Ghent. In order to study the situation 
at more inland parishes during the Middle Ages, we investigat-
ed the different building phases of the parish church of Belsele.3 
The dendrochronological examination of the roof construction 
above the nave revealed its 13th century origin (Haneca, 2008). 
Oak beams from the roof of the transept and choir could not 
be dated.
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1. Ghent University, Laboratory of Wood Technology

[online: www.woodlab.be].

2. An overview of completed dendrochronological analyses on histori-

cal building in Flanders can be found at Onderzoeksbalans Onroerend 

Erfgoed Vlaanderen [online: http://www.onderzoeksbalans.be/], chap-

ter 10.2: dendrochronologie, figure 3.

3. The investigation of the roof construction was carried out in close coop-

eration with Vincent Debonne (Flanders Heritage).
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Modern forest sites

According to the principle of uniformitarianism, the “present is 
the key to the past”.4 Therefore, in order to establish a dendro-
chronological and wood-anatomical reference frame for specif-
ic types of woodland management in the past, increment cores 
were collected from contemporary forest sites with a specific 
type of management. For instance, some forest sites with aban-
doned coppice stools were sampled by taking increment cores or 
cross-sections (for details see Haneca et al., 2005).

Another remarkable type of woodland practice is the main-
tenance of pollards. To date, witnesses of this ancient pruning 
technique are still present in the landscape in some particular 
regions. For example, in the region of Lummen (province of 
Limburg), more than 615 living, pollarded oaks were inventoried 

by a “regional landscape association”.5 Increment cores were tak-
en from oaks that were pollarded at some point over the last five 
decades, in order to obtain a clear image of the anatomical signa-
ture that was “archived” in the wood after the pollarding event.

Results

Growth patterns

The planks and boards of two water wells in the Late-Roman 
castellum at Oudenburg yielded tree-ring series with clearly dif-
ferent growth patterns. A remarkable double water well from the 
4th century AD was constructed with oak timbers that display a 
pronounced growth trend with very wide juvenile rings, followed 
by a sudden decrease in ring width. On the other hand, a water 
well from a preceding occupation phase during the end of the 
3rd century AD yielded timbers with more uniform ring widths 

Fig. 1

Location of archaeological sites where a dendrochronological examination 

was carried out by the Flanders Heritage or Ghent University.
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4. James Hutton, Britannica Concise Encyclopaedia

[online: www.britannica.com]. 5. Regionaal Landschap de Lage Kempen [online: www.rllk.be].

BELGIEBELGIEBELGIE

NEDERLAND

Antwerpen

BRUSSEL

Gent

Brugge

Damme

Lissewege

Oostende
Raversijde

Oudenburg
Jabbeke Oostkamp

Diksmuide
Veurne

Kortemark

Ieper
Meenen

Lo-Reninge

Aalter
Knesselare

Evergem

Zele

Steendorp

Merelbeke

Ename
Oudenaarde

Boom

Dendermonde

Aalst
Elewijt

Erps-Kwerps

Beersel

Lier
HerentalsNijlen

Brecht

Tessenderlo

Herkenrode
Herk-de-stad

ZoutleeuwKortrijk

069



and without a pronounced growth trend. When comparing the 
growth trends of the timbers from the double water well with 
shoots from present-day coppice stools, a notable resemblance 
can be observed (Fig. 2). It suggests that these timbers were proc-
essed from the trunks of trees that originate from a forest site un-
der coppice management or a very open type of woodland. In 
both cases light conditions must have been favourable during the 
first growth years of the trees, allowing a vigorous radial growth.

At the archaeological sites in and near Ypres, similar growth 
patterns were observed. The tree-ring series were principally 
dated to the 13th century (Haneca et al., 2009b). The total dataset 
consists mainly of relatively short tree-ring series. When split-
ting up the dataset into two arbitrary classes of tree-ring series 
with less than and more than 50 growth rings, clear differences 
in growth rate can be observed (Fig. 3a and 3b). The shorter se-
ries display a higher growth rate in the juvenile stage compared 
to the longer series. Therefore it is clear that the timbers from 
both groups represent different growing conditions. These dif-
ferences can probably be related to forest management systems. 
Once more, the growth patterns of the shorter series displays a 
remarkable resemblance with the modern coppice shoots. From 
the growth patterns it is obvious that the 13th-century oaks that 
were felled at an age of less than 50 years cannot simply be seen 
as the younger version of the trees that were cut at a later age.

The dendrochronological research on the roof constructions of 
the parish church of Belsele revealed that the central nave of the 
church was built between 1266 and 1291 AD (Haneca, 2008). The 
tree-ring patterns display a high correlation with local oak chro-
nologies from Flanders and chronologies from the Meuse valley. 
However, the transept and choir, which were built during a more 
recent construction phase (ca 1425–1500), could not be dated due 
to the occurrence of beams with very few (< 30) and wide growth 
rings. The highly variable width of the growth rings on the wood 
from this more recent building phase clearly differs from the old-
er beams, which have a more regular grain and much smaller 
growth rings. This can easily be seen when comparing the incre-
ment cores that were taken from the beams during the dendro-
chronological inspection of the roof (Fig. 4). A shift in timber 
source would be the best explanation for the differences observed.

Wood anatomical signature of pollarding

The increment cores taken from recently pollarded oak trees 
(Fig. 5a) clearly show a wood anatomical signature related to 
the trimming of the trees (Fig. 5b). A pronounced reduction in 
ring width and in the surface of the individual earlywood vessels 
occurred in the growing seasons following the pollarding event. 
The reduced growth is initiated immediately after pollarding 

and continues during the following three to four growing sea-
sons. These observations and additional quantitative wood ana-
tomical measurements allow recognition of this particular hab-
it in timbers that are now part of our cultural heritage. As an 
example, a beam from the medieval tithe barn of ter Doest at 
Lissewege (province of West Flanders, Belgium), which was 
dated by dendrochronology to 1370–1385 AD (Haneca, 2004; 
Houbrechts and Eeckhout, 2004; Nuytten, 2008), displays a 
highly similar wood anatomical signature (Fig. 5c).

Local reference chronology

All dated Flemish tree-ring series of oak that have been measured 
so far were pooled into one chronology. Currently, this results in 
a local Flemish reference chronology that covers three periods:

-  Roman: 185 BC–253 AD (124 dated samples)
-  Medieval: 808–1530 AD (148 dated samples)
-  Living trees: 1812–2009 AD (235 dated samples)

Based on all dated local oak samples available, no continuous 
tree-ring chronology can be calculated for the Flemish region 
so far. Some gaps still need to be filled. Nevertheless, given the 
progress that has been made over the last decade, it can be ex-
pected that the “blanks” in the chronology will be filled eventu-
ally. Most of the undated oak series contain less than 70 growth 
rings (Haneca et al., 2006; 2009b). Therefore, extensive sam-
pling will be required on archaeological sites that will be exam-
ined in the future.

Nevertheless, this is a step forward to optimise the dating po-
tential of dendrochronology in a region that has been a historical 
cultural hotspot in Europe. Moreover, the development of a local 
reference chronology could shed new light on the provenance of 
timbers that were previously dated with reference chronologies 
from more distant regions. For instance, the timbers from the 
tithe barn of ter Doest were previously dated with the reference 
chronology for the Meuse valley (Hoffsummer, 1995) and the 
Hollstein chronology for southwest Germany (Hollstein, 1980). 
Now, with the new Flemish reference chronology, correlation val-
ues prove to be slightly higher. Although not yet conclusive, it 
would suggest that local wood was used for the construction of 
this barn instead of imported timbers from more remote areas.

Discussion

Dendrochronological fieldwork in Flanders often yields archae-
ological timbers with very few and wide rings. This hampers one 
of the basic procedures of dendrochronology, i.e. cross-dating. 
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Consequently, the development of a local reference chronology 
is an enduring task. Although many factors can explain the fre-
quent occurrence of fast-grown oak, one of the key-factors will 

be the competition for light. In close forest stands, radial growth 
will be more moderate compared to trees in open woodland or 
pastures. Moreover, some of these fast-grown timbers display a 

KRISTOF HANECA

Fig. 2

Average growth pattern of timbers from the “double water well” of the 

Roman castellum at Oudenburg, and from contemporaneous forests un-

der specific types of management (after Haneca et al., 2005).

Fig. 3

A  Cumulative growth patterns for oak timbers from the archaeological 

  site Verdronken Weide, with less than and more than 50 growth rings.

B  Examples of growth patterns observed on archaeological oak timbers 

  with less than (above) and more (below) than 50 rings (scale bar = 1 cm) 

  (after Haneca et al., 2009).
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Fig. 4

Increment cores from beams in the roof construction of the parish church 

of Belsele; cores labelled with “A” were taken from the nave, cores la-

belled with “B” originate from the transept and are characterised by much 

wider growth rings. © H. Denis, Flanders Heritage
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conspicuous growth trend. Most probably, the growth patterns 
with very wide rings in the early juvenile stage followed by a 
sudden and sharp reduction in ring width can be related to for-
est sites that are regenerating after intensive exploitation. The 
wide rings echo an open stand structure where competition for 
light and nutrients is low. After a few years or decades, the stand 
structure becomes denser with an increased competition for 
light, causing a pronounced reduction in radial growth. For in-
stance, this can happen when a forest stand is managed as cop-
pice woodland or coppice-with-standards.6 After cutting down 
the shoots on a coppice stool, new shoots will emerge that ben-
efit from the open space and the already available root system, 
resulting in a vigorous growth during their first growth years. 

After a few years, shoots from the same stool and/or shoots from 
neighbouring stools will start to interfere with one another and 
raise the competition for light and nutrients. Eventually this will 
results in a reduced radial growth, expressed by smaller growth 
rings. This could explain the pronounced growth trend, often 
observed on local archaeological timbers.

It is well known that coppice management was a pop-
ular and widely spread type of forestry practice in medieval 
Europe (Tack et al., 1993; Rackham, 2003). However, the den-
drochronological data in the Roman castellum at Oudenburg 
displays conspicuous growth trends that are highly similar to 
present-day coppice shoots. So even in the late Roman period, 
coppicing could have been a widely spread practice in Flanders. 
For western Europe, this type of woodland management prob-
ably goes back even much earlier, as was already observed by 
A. Billamboz at Lake Constance/Bodensee (Billamboz, 1996; 
2003). Furthermore, wooden parts of the Neolithic Sweet Track 

KRISTOF HANECA

Fig. 5

A  Taking increment cores from a living oak tree that was recently “re- 

pollarded” at Lummen (province of Limburg, Belgium).

B  Wood anatomical signature in a pollarded oak tree.

C  Pollarding-signature in historical timber from the tithe barn of ter Doest 

(Lissewege, province of West-Flanders, Belgium) (scale bar = 1cm).

© K. Haneca, Flanders Heritage

6. Coppice-with-standards is a two-story woodland management system 

where among coppice some trees are left to grow as larger size timber, 

called “standards”.
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at the Somerset Levels (England) were also identified as shoots 
from coppice stools of lime (Tilia sp.) (Crone, 1987). However, 
this example should be interpreted with care since it is unclear 
whether this can be considered as formal management.

Phases of general forest regeneration have occurred several 
times during the Middle Ages in Flanders (Tack et al., 1993). For 
instance, in Flanders it is estimated that the lowest forest cov-
er ever was reached by the end of the 13th century. However, the 
wood procurement for the roof construction of the parish church 
of Belsele demonstrates that local timber sources were still avail-
able. The construction of the roof above the nave of the church at 
the end of the 13th century (dated between 1266 and 1291 AD) was 
built with timbers that probably have a local origin. In addition, 
medieval water wells, frequently encountered on archaeologi-
cal sites, were predominantly constructed with local oak wood. 
Another example are the 13th century houses and sheet pilings 
from archaeological excavations in and near Ypres that yielded 
numerous timbers felled in local forests (Haneca et al., 2009b).

Therefore, it is clear that local forests still could provide val-
uable construction timber during the Middle Ages. However, at 
some point(s) local carpenters had to rely on young and fast-
grown oak trees, originating from recovering forest sites or cop-
pice woodland. This was, among others, noticed when study-
ing a more recent expansion of the Belsele parish church. At the 
end of the 14th century, when transepts and a choir were added, 
a totally different type of oak lumber was used. The beams that 
shape the roof construction are characterised by wide growth 
rings and an irregular growth pattern. Obviously younger and 
fast-grown oaks were felled for these roof constructions. This 
can be considered as an indication of a forest site which was 
strongly influenced by human activities and exploitation.

Comparing the situation at this small rural village with one 
of the major medieval cities in Flanders, i.e. Bruges, an apparent 
difference in the provenance of building timbers can be noted. 
Nearly all 13th to 15th-century roof constructions that underwent a 
dendrochronological analysis in Bruges, chiefly carried out by the 
team of P. Hoffsummer, proved to be built with imported, non- 
local timbers. Highest correlation values are often found with 
reference chronologies from the Meuse valley, the Ardennes (both 
southern present-day Belgium) or southwest Germany. Clearly, 
for local carpenters in Bruges it was necessary and economical-
ly feasible to import large amounts of building timber from re-
mote areas. The geographic location and economic importance 
of Bruges and its harbour explains, at least partly, the conven-
ient circumstances for large-scale timber import. Nevertheless, it 
indicates that in the surroundings of the town local forests were 
unable to provide sufficient quantities of high-quality timber or 

were even completely degraded and nearly vanished. On the oth-
er hand, for smaller and more inland settlements, local wood-
lands were still the main source of construction timber.

The availability of local timber for more inland parishes, like 
Belsele, might also have been an economic necessity. According 
to Rackham (1982), who made a basic calculation for England 
between ca 1250–1450 AD, the economic cost for timber trans-
port over land is estimated to be four times higher compared 
to transport over inland waterways and up to ten times higher 
compared to transport by sea-going vessels.

It is clear that further development of a local, well-replicated 
reference chronology will maximise the dating potential of dendro-
chronology in Flanders. This is currently one of the main tasks at 
the Flanders Heritage. On the other hand, it is now clear that tree-
ring studies are able to provide additional information regard-
ing past woodland management. Dendrochronology is therefore 
not only to be considered as a reliable dating tool, but an impor-
tant source of information regarding past woodland management.
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Dendro-archaeological contribution to the 
history of forest exploitation. The case of 
the Gallo-Roman settlement of Oedenburg 
(Alsace, France) between 10 and 180 AD

Summary

Dendrochronology has never been considered as simply a dat-
ing tool. In addition to the dates, which are always based on a 
regional scale signal, tree-ring series can provide information 
about forest structure and woodland development. Our study of 
the settlement of Oedenburg, established in the Rhine Limes of 
the Roman Empire, was conducted within this framework. The 
dated series provide a description of some structural aspects of 
oak-stands that were exploited for construction. In this aim, 
the analytic tools employed are “age trend patterns” and se-
ries classification or dendro-typology. The archaeological series 
were also compared to modern forest characteristics.

Throughout the chronology, woodland development appears 
dominated by two stages. The first is oak tree harvest. We ob-
serve that (1) series patterns from a single archaeological struc-
ture are more similar than between structures, and (2) wide tree 
rings are present during the juvenile phase. These rings are wid-
er than those observed consecutively in modern logging. The ef-
fect of oak tree harvesting is local high-forest clearing. During 
the second stage, the high forest is in the process of recovery. 
After a few years of aging, Gallo-Roman oak ring width becomes 
sharply inferior to that observed in the actual forest. This can be 
explained by the high degree of competition between trees due 
to a poor thinning grade during recovery.

Within the chronology, stands were first exploited using a 
harvest and recovery system; second, supply may have focused 
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on preserved trees; and third, the regeneration rate was respect-
ed, but harvest age was lowered, resulting in stronger thinning 
of a stand, although they appear denser than present day man-
aged high forests.

Introduction

Archaeological excavations, whether in relation to construction 
works (Laurelut et al., 2007; Tegel and Vanmoerkerke, 2008) 
or programmed (Reddé et al., 2005; Barral and Richard, 2009), 
have brought to light many wood samples from the Latinian and 
Gallo-Roman periods in the east of France. Dendrochronological 
dating of these samples has enabled the construction of site 
chronologies (Girardclos and Lambert, 1995) and regional ref-
erences (Durost, 2005; Laurelut et al., 2007) useful for the dat-
ing of new sites in this and neighbouring regions. However, den-
drochronologists have never considered dendrochronology to be 
only a tool for dating wood. Annual production of wood depends 
on a complex system of ecological factors. In addition to the 
dates obtained, series of ring widths may be closely examined 
with several objectives in view (Munaut, 1979; Lambert, 1998). 
For the archaeologist, chronological information is of the great-
est interest, but the corpus of archaeological woods also makes 
it possible to address climatic questions (Durost, 2005; Durost 
et al., 2008; Rossignol and Durost, this volume) and the origin 
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of wood commerce (Fraiture, 2009; and see chapter “Trade” in 
this volume); it also provides information on forest history and 
management in different periods (Billamboz, 2003; Haneca et 
al., 2005; 2006; Bernard et al., 2007; 2008). More generally, a 
specialisation in “dendro-archaeology” is developing for which 
the objective is the investigation of the interference between hu-
mans and the environment in prehistoric and historic times by 
using information from tree rings (Sass-Klaassen, 2002).

Our study of the Gallo-Roman settlement of Oedenburg, es-
tablished on the Rhine Limes, was conducted within this con-
text. We present the development of the characteristics of “good 
building oaks” used at Oedenburg during the first two centu-
ries AD and extract from the dated samples information on the 
original forest populations and on wood production practices. 
This approach is based on the classification of growth series: a 
dendro-typology (Billamboz, 2003), according to archaeologi-
cal structures and by comparison of the age trend patterns in 
Gallo-Roman oaks and current forests for which the silviculture 
is known (Haneca et al., 2005).

Dendrochronological results at the Biesheim site

The site

The Gallo-Roman settlement of Oedenburg is located within the 
present-day communities of Biesheim and Künheim in Alsace, 
in a border region between Germany and France (Fig. 1). The 
site, found in the northern part of the territory of a Celtic peo-
ple, the Rauraques, along the Roman fortifications known as the 
Limes, on the left bank of the Rhine, extends onto the alluvial 

flood plain as well as onto the alluvial terrace in Altkirch. As 
far as is currently known, woods dating from 3–4 AD constitute 
the first evidence of occupation in the area. They were found at 
the edge of an important religious complex that progressively 
developed throughout the first century AD, beginning with the 
end of the Augustinian period. It was under Tiberius, no later 
than ca 30 AD, but perhaps as early as 14–20 AD, that soldiers 
settled here, building a camp of approximately 3.5 ha along-
side an active channel of the Rhine (Reddé, 2009). Its exist-
ence was well noted until around 69 or 70 AD after which the 
Limes were moved to beyond the Black Forest, south Germany. 
Constructions from late Antiquity and the High Middle Ages 
were concentrated within flood-safe zones, thus depriving us of 
wood material.

With the beginnings of a military presence, a civilian settle-
ment also developed which is now better known to us through 
specific excavations and via a vast geophysical survey (Reddé et 
al., 2005). Most of the structures on the alluvial plain are linked 
to the phases of construction and re-building during the first 
two centuries AD. Seven sectors in close proximity to palaeo- 
channels and partially under water during the antique period, 
have furnished samples of archaeological wood of different spe-
cies, particularly oak (Quercus robur / petraea), fir (Abies alba), 
alder (Alnus glutinosa), elm (Ulmus sp.), willow (Salix sp.) and 
poplar (Populus sp.). The results presented are from 177 dated 
oaks belonging to different archaeological structures. Sectors 9 
and 10 on either side of the Riedgraben channel contain most of 
the woods used in the development of quay facilities (sector 9) 
or a pool and its adjoining spaces in sector 10 (Fig. 1).
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Fig. 1

The location of seven sectors providing wood and the distribution of 177 

series of oaks dated and regrouped in 33 dendro-archaeological features.
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Dating of archaeological woods

Tree-ring widths were measured at least twice in each archae-
ological sample with a Lintab and TSAP system (Rinn, 1989). 
The chronology development was performed using the Sylphe 
program (Meignier, © GNU-GPL 2001). Similarity between 
raw series was estimated by the coefficient of parallel varia-
tion (Gleichläufigkeit, GL/RW, Eckstein, 1969), and between 
detrended series by the Pearson correlation coefficient. Match 
decisions are first based on t-value computation as described in 
Baillie and Pilcher (1973), after standardisation of raw data in 
three ways, according to Lambert (2006) (t/iE), Munro (1984) 
(t/BP) and Hollstein (1980) (t/H). Secondly, a z-score transfor-
mation (Jansma, 1995) of the Gleichläufigkeit was taken into 
account. An acceptable visual agreement between graphical 
curves was verified.

The BK-ref177 chronology calculated, depending on the case, 
by averaging 177 individual raw or index series shows high cor-
relation with differing regional references developed by various 
authors and labs using varying systems and methods, and spans 
the period 173 BC to 180 AD (Tab. 1). Regardless of the standard-
isation procedure, the highest correlation values are obtained 
with the master chronology nearest to the site: the Lorraine ref-
erence (W. Tegel, DendroNet, pers. comm.).

To assess the BK-ref177 chronology construction, individual 
series are checked with the aim of describing the common signal, 
variability characteristics and error risk on synchronisation. The 
correlation coefficient and t-value of each individual series with 
the master chronology, the member tested excepted, are com-
puted by C-Dendro (Larsson, accessed 2010). Three t-values are 
compared: the t-value at the “chosen or tested” date, the high-
est and the next best, which can also be called the “first reject-
ed” t-value. For the 177 series, the highest t-value rejected is 5.2, 
but the distribution shows a very high proportion of values be-
tween 3 and 3.5 (Fig. 2). The chosen t-value is higher than 5.2 for 
the 128 series the most directly linked to the common signal. The 
synchronisation with the overall chronology is not significant for 
17 individual series, which is to say approximately 10%. In these 
cases the date is not selected based on common signal and high 
t-values. Some “atypical” series need to be grouped before being 
synchronised with the whole population. Others are dated with 
the help of archaeological arguments, for example due to ana-
tomical anomalies or a poor number of rings.

Dendro-archaeological features

After exchange of dendrochronological and archaeological infor-
mation, each series is associated with a “dendro-archaeological 
feature” representing the homogenous chronological state of a 

coherent archaeological structure from a technological and/or 
topographical point of view. At the scale of the site, 33 different 
dendro-archaeological features have been identified, which can 
be grouped in four kinds of structures: 1) alignments of stakes 
used to stabilise quay-side roads and banks similar to those 
which have just been presented; 2) the construction of a pool 
and a fountain, along with the woods used in their repair and 
modification; 3) geographically individual structures for which 
function remains uncertain, and finally 4) isolated posts.

These architectural structures are almost exclusively in oak, 
the use of which necessitates no specific technological provision. 
For a carefully designed structure such as the pool, the woods 
are not really assembled but simply placed one on top of the 
other. The cutting of logs conforms to what has been observed 
in other sites from the same era. This is mainly the splitting and 
squaring of posts or the radial cleaving of planks.

The use of fir was restricted to the bottom of the fountain 
and also to a structure whose function is unknown. This species 
does not grow near the site. Supplying the site in fir thus im-
plies a specific route coming from mountainous zones. In con-
trast, the 177 series of oak ring widths spread over two centu-
ries are a good representation of the “chêne bon à bâtir” (“good 
building oak”) used in the settlement. It is a wood considered 
as timber logs based on its characteristics (species and dimen-
sions), but whose specificity remains weak, therefore probably 
implying short and numerous supply routes.

Method and characteristics of archaeological woods

Estimation of the age of the trees used

The definition of dendro-archaeological features allows attribu-
tion of a single felling date to a given group of wood samples. The 
number of measured rings from eroded wood samples is then 
completed up to the most recent date for the group. If the date is 
within a given range – since no sample for a dendro-archaeolog-
ical feature is complete all the way to the bark –, the estimation 
of the age also contains both a minimal and a maximal value.

Several techniques have been compared to estimate inner-
most rings destroyed: 1) direct observation with the radii mate-
rialized on a transparency, 2) techniques based on photographs, 
or 3) drawings of a cross section on a scale of 1:1. The number 
of rings represented by the missing distance is calculated on the 
basis of the average growth rate of the first five rings present (in 
mm per year). Several methods were also tested for this project. 
It appears quite probable that the greater the quantity of lost 
wood, the greater the error in the estimation of the age of a tree. 
The publication of a work undertaken on complete cross sections 
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from living oaks in Spain (Rozas, 2003) shows that for this group 
of trees the error in the method that we used at Biesheim is ap-
proximately 20%, but may be more than 40% in unfavourable 
cases. We eliminated the most critical ones: sub-parallel radii, 
several points of convergence, widely differing averages in the 
level of growth, etc. However, our decision was to include the 
greatest number of woods, with an uncertainty that could be 
tested, so as to arrive at an estimation of age based on a sample 
tree population as broad as possible. The estimation of the age 
for the 42 woods with their pith preserved is a better one, but it 
is not certain that it furnishes a better perception of the age of 
the population since to retain only this criterion is to exclude the 
greatest diameters, of which only one exterior was available to us.

In addition, whether the pith is present or not, the analysed 
cross section comes from the part of the archaeological object 
most likely to provide the greatest number of rings. The height 
of the transformed tree at which the cross section is found is 
variable and cannot be estimated. The estimation of the pro-
posed age is therefore minimal if the sampled section comes 
from a high point in the trunk or even from thick branches.

A dendro-typology to highlight local “growth settings” 

and for a definition of “dendrological terroir”1

The similarity between the series of ring widths is measured 
by the correlation coefficient after their standardisation in ac-
cordance with the procedure presented by Lambert (2006). The 

OLIVIER GIRARDCLOS / CHRISTOPHE PETIT

t: t-value / BP: Baillie-Pilcher (1973) / H: Hollstein (1980) / iE: Lambert (2006) / GL: % of parallel variation / z: z-score

Table 1

Cross-dating results between the Oedenburg site chronology and reference chronologies.
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Standardised index Raw date

Reference name Site location Laboratory (author) or (publication) Overlap Date t/BP T/H T/iE GL/RD z/RD

Lorraine-Classic4 France, Lorraine DendroNet (Tegel) 353 180 14.5 14.2 14.6 72.5 8.3

WestDeutschland western Germany Trèves Museum (Hollstein 1980) 351 180 13.6 12.7 - 72.6 8.5

France-ClassicOaks France,
large northern area LCE-Besançon (Durost 2005) 353 180 12.0 10.0 13.8 72.4 8.4

Franche-Comté France,
Franche-Comté LCEandt Cedre Besançon (Perrault) 353 180 11.8 9.1 11.9 70.6 7.7

Neuchâtel-Rom1990 western
Switzerland Laténium (Gassmann) 353 180 10.2 8.9 8.9 66.6 6.1

Wurtt200 Germany, 
Württemberg

Univ. Hohenheim
(Becker et al., 1985) 353 180 10.1 10.7 10.0 69.0 7.1

SüdDeutschland southern Germany Univ. Hohenheim (Becker, 1993) 351 180 10.0 10.6 - 68.0 6.7

NEF3 northeastern
France DendroNet (Tegel) 353 180 9.9 10.9 10.8 67.1 6.4

Bourgogne France, Burgundy LCE-Besançon (Lambert) 353 180 9.4 6.0 9.9 63.2 5.0

Baden-Württemberg Germany, 
Württemberg LDA Hemmenhofen (Billamboz) 274 180 8.4 10.3 - 68.5 6.1



correlation values are calculated between all pairs of samples. 
They are grouped together in a squared matrix having the same 
entries of lines and columns. The matrix is ordered in function 
of dendro-archaeological features. If the curves show a partic-
ular resemblance which can be observed graphically (Fig. 3), 
then the correlation coefficient is of the order of 0.8. We deduced 
that the woods in use came from the same tree. The hypothe-
sis is confronted with the observation of how the wood was cut, 
since it is more likely that two cleaved planks would come from 
the same tree than would two boxed heart posts.

The matrix, ordered by dendro-archaeological features, 
makes it possible to calculate mean correlation coefficients 
based on series from the same feature and between different 
features. This calculation excludes coefficients that are attrib-
uted to series from the same tree. In the example presented 
(Fig. 3), the average correlation between seven series from an 
alignment of posts found in a river bank rises to 0.58. Likewise, 
it rises to 0.45 between the series of woods from a footbridge 
that was used to cross a channel. The average correlation be-
tween these two groups of series is weaker, 0.32. These coef-
ficients are overall lower than those obtained between series 
from the same tree, evidence of trees subjected to similar condi-
tions of growth, under the same local influences.

A stele with an anthropomorphic figure carved on a tree 
whose felling date is near to these dendro-archaeological fea-
tures presents a growth curve with further differences (coef-
ficients of 0.3 and less). Archaeological arguments indicate that 
the stele, discovered to be of re-used wood, is not a part of the ar-
chitectural projects. The coefficients indicate a different setting.

In this approach, the variation between series – or, graphi-
cally, between “growth patterns” – of trees is compared to ar-
chaeological observations so as to construct a dendro-typology. 
However, trees are analysed according to their dating. Yet this 

dating relies on the existence of a signal common to the series, 
which finds its source in regional ecological factors, common to 
the zone of origin of the woods, such as climate. The correla-
tion between the series is therefore globally positive. Each tree 
is subjected to these global influences differently, especially the 
degree of intervention of local factors. The average correlation 
of a series with all the others is all the higher if the series shares 
in these global influences. Local influences thus become clearer 
in expressing the correlation between each pair in terms of the 
departure from the average calculated for a series with all the 
other series analysed (the average of a column or of a line of 
the matrix). The result is presented graphically for the example 
previously detailed (Fig. 3). A link is brought into evidence be-
tween dendro-archaeological features and local growth settings.

We propose to call the different local growth settings a cal-
culation can bring out “dendrological terroir” because “good 
building oak” can be understood as a particular forest product 
and local growth influences associate abiotic and biotic factors 
including anthropics factors or practices, like different wood 
products harvest cycles but also non-timber products, pannage, 
hunting…

A test can be undertaken through application to a present-
day forest group submitted to a homogeneous climate. Near 
Angers (Maine-et-Loire, France), 61 oaks spread over six sam-
pling plots in two forested areas were cored. The trees whose 
growth presented the best correlations corresponded to the ter-
rain with specific edaphic conditions for pH and water supply 
as highlighted by a particular vegetation (Fig. 4). To these ped-
ologic conditions, it might be necessary to add the conditions 
of the competition between individuals rendered homogene-
ous by silviculture for each plot.2 In this example, the “dendro-
logical terroirs” are statistical representations which correspond 
to the sampling localities since they are arranged by ecological 

1. The “terroir” is defined as a delimited territory identified by a speci-

fic product, resulting from physical conditions and cultural practices of 

a human community. The concept of “terroir” is clearly justified here: at 

Oedenburg, the product is “chêne bon à bâtir” or “good building oak” (oak 

suitable for building) discussed above. The physical conditions of the soil, 

altitude, etc., “potentially” allow its production, and model the growth of 

oaks in interaction with the climate. Cultural practices reveal, limit, orient 

and even destroy the natural potential. Simple exploitation, with an under-

lying concept of resource management, is already in itself a practice, but 

during the Gallo-Roman period, one must propose hypotheses that exploi-

tations were based on collective decisions and were followed by a “mise 

en défens” period (maintenance period) in order to protect oak renewal.

2. These observations justify the utilisation of the concept of “terroir” 

for populations of modern trees because silvicultural practices guide in a 

structured way the “natural” population potential toward economic objec-

tives. By extension, we use this concept in the past for demonstrate the 

interaction of the natural potential with sylvicultural practices linked to the 

needs and the economy of societies for forest products. Specialisation 

toward particular productions from units of the territory in balance with 

physical conditions is knowledge of societies shown for example for the 

Neolithic (Pétrequin, 1992). Even if, unlike cultures, the forest most often 

keeps the “natural” possibility of developing, once a society exists, silvi-

cultural practices model this potential.
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Fig. 2

Frequency histogram of “chosen t-values”, “best t-values” and “first re-

jected t-values” calculated between sample series and average chrono-

logy, excepted member tested.
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Fig. 3

Method of classifying the similarity of growth series according to archae-

ological hypotheses with the goal of distinguishing between woods from 

the same “local settings” and the same individual tree. Admittedly, the 

series are all the more similar when the source factors of their ring-width 

variations are similar.
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Fig. 4

Figure of the concept of “dendrological terroir” in the present-day forests 

of Fontevraud (Maine-et-Loire, France) and Cravant (Indre-et-Loire, France).

A  The floral reading of all species allows characterisation of edaphic 

  conditions of sampling plots synthesised by trophic and hydric levels.

B  The squared matrix of the similarity between series of widths measured 

  on each individual is ordered according to plot.

C  Growth patterns show greater similarity within the plots than between 

  them. Within the homogeneous climatic whole, the average gap 

  by column brings to light the “dendrological terroir” in relation to local 

  influences.
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diversity. In contrast, these zones more generally do not have a 
geographical reality but rather a functional one, linked to the 
variability of ecological factors. For example, if the tree harvest 
does not include sufficient ecological diversity, the influence on 
growth will be weak. If two geographically distinct groups have 
a comparable functioning, they will not be discriminated (for 
example, from the bottom of a small valley).

The evolution of growth in function of current age: 

“age trend”

All other considerations notwithstanding, an oak forms narrow-
er rings as it ages. With age, an oak tends toward maximal di-
mensions, in both height and diameter. These maxima are under 
the influence of different constraints. Some of them are internal: 
the potential of the species and of the individual. Others are con-
nected to the overall environment, such as climate. In a given re-
gional zone, the quality of the location, mainly the soil, defines a 
potential volume. Competition between individuals and species, 
that is to say between neighbours of the same or different spe-
cies, has greater influence on the form of the oaks and thus on 
the distribution of the potential volume between the crown and 
the trunk, in diameter and height. The type of incidence of light, 
indispensable for photosynthesis, conditions the form of the leaf 
surface area (Bary-Lenger and Nebout, 1993). A tree isolated or 
growing within a hedge receives light from all directions. It is 
subjected to only very weak competition. Inversely, a tree in a 
dense and tall forest receives light only on its canopy. It gains ac-
cess to light by growing higher than its neighbours. Its trunk is 
longer and with a diameter smaller than that of an isolated tree. 
The study of living populations of different structures makes 
it possible to examine the evolution of ring width in function 
of age: “the age trend”, within the constraints of very different 
conditions of competition (Fig. 5). In the hedges sampled, an-
nual production diminishes slightly with age, from 3 mm to just 
more than 2 mm toward 150 years. The Franc-Comtois forests 
analysed for this study were managed as coppices-with-stand-
ards during the 19th century and through the first quarter or even 
the first half of the 20th century. Under this type of management, 
the density of the dominant trees, the standards, remains low. 
The crowns are rarely in contact. The coppice is exploited in the 
understory, with stump sprouts harvested at each rotation, and 
the future dominant trees chosen mainly from seed trees (Lanier 
et al., 1994). Ring-width development depending on age first 
shows a decline from 2.5 mm per year to 2 mm and then an in-
crease, until around the age of 30 years, again to around 2.5 mm 
and finally a decrease to 1.5 mm at about 150 years. The decline 
during the first 30 years is related to competition from more 

vigorous stump sprouts from seed trees (Badeau, 1995). In the 
forests studied by Becker et al. (1994) in Lorraine, the conver-
sion from coppice-with-standards to high forest management 
took place during the 20th century. The different densities ob-
served are greater than in coppices-with-standards: the oaks are 
in regular contact. Ring width declines from 2 mm to 1.25 mm 
at around 100 years, and then to 1 mm at around 200 years. 
The analysed forests thus show a staging in their “age trend” 
curves as a function of population density, which is to say de-
pendent on the constraints imposed on tree diameter by compe-
tition. Insofar as competition is not the only factor influencing 
this curve, the method does not pretend to find in the past any 
of the present-day models that have been developed in much 
more standardised silvicultural conditions. Long-term chang-
es in the environment, climatic changes for example, conceiva-
bly act upon productivity according to age. However, the struc-
tures of former populations may be described in comparison to 
the characteristics of present-day forests.

The logging of forests

Tree age at the logging site

The growth of 177 dated oaks covers the period between 173 BC 
and 180 AD. They are grouped in 33 dendro-archaeological fea-
tures “correctly” spread over approximately 200 years (Fig. 6). 
These vestiges are rare witnesses, relics of the volume of wood 
brought out of the forests. Of this volume, it is likely that “good 
building oak” constitutes only a small part of forest products in 
comparison to, for example, firewood. Yet the wood samples that 
we have obtained are recordings of the structure of the popula-
tions of which they were a part, via the influences on growth by 
local ecological factors such as population density, and by their 
characteristics such as age at the time of harvest. The number 
of trees studied is thus in no case quantitatively representative 
of forests, but the validity of the sampling comes from the fact 
that each one describes a local forest situation at the moment of 
each of the 33 fellings.

Figure 6 shows that between the first harvests, shortly be-
fore 10 AD, and those of 120 or 130 AD, the trees chosen are in-
creasingly older. In fact, though the exploitation dates advance 
in time, the contributing populations are all regenerated at sim-
ilar dates centred on 100 BC, between 130 and 70 BC. It was not 
until 145 AD that younger oaks began to be used, appearing at 
the moment of the fellings of the beginning of the first centu-
ry AD. Within the period of this study, regeneration thus does 
not follow a curve parallel to exploitation since a break appears 
at the beginning of the fellings of 145 AD.

OLIVIER GIRARDCLOS / CHRISTOPHE PETIT

085



The same observations may be made from another presen-
tation of data which takes into account the error of age estima-
tion (Fig. 7). Whatever the date, the grouping of points indi-
cates that the ages of the trees are varied. Either the populations 
are indeed composed of varied age classes, or the samples were 
taken from a wide variety of heights on the tree. During the 
course of the first century AD, the trees are increasingly older 

when logged. They are first harvested at an average age of 100–
120 years, and then towards 180-200 years. Beginning in 120–
130 AD, the number of rings decreases more rapidly than it in-
creases and tends toward approximately 100.

The minimal and maximal estimations of age take into ac-
count errors on the convergence of the radii in the centre of the 
log and on the dating of dendro-archaeological features. These 
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Fig. 5

“Age trends” observed in populations where silvicultural practices lead to 

widely differing densities of individual trees. The hedge trees in Oussières 

(Jura, France; analysis by the Laboratoire Chrono-Environment) are re-

markable. Wide variations are observeable for one trend because the 

number of samples is limited to only ten. The curve for high forests is a 

model adjusted to the data of 505 trees from the forests of Amance and 

Champenoux (Meurthe-et-Moselle, France; Becker et al., 1994). The curve 

for coppices-with-standards is the average width of 298 trees from the 

Forest of Chaux (Jura, France) and of several woodlands near Lure (Haute 

Saône, France; analysis by the Laboratoire Chrono-Environment).
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estimations lead to the same pattern. Errors are thus spread 
out without contradicting the interpretation. It can neverthe-
less be noted that the maximal estimation leads to an increase 
in the trend toward 200 AD. It is not significant, but it indicates 
an overestimation of felling date. In fact, in a large population 
of oaks, it is more frequent for the number of sapwood rings to 
approach the average (21) than the maximum. These trees were 
more likely harvested toward 180 AD than after 200 AD.

Tree age is only slightly or not at all perceptible in a forest and 
is not a conscious criterion at the moment of cutting. Selection is 
mainly governed by the need for a minimal diameter and height 
that conform to the architectural project. The age at the time 
of exploitation is thus a consequence of productivity, which is 
to say the time necessary to attain the desired diameter and 
height. The age variations which have been described are closely 

connected with the structure of the tree population since, over 
the same period, the estimation of the diameter of the harvest-
ed logs shows no evolution (Fig. 7). The changes in architectural 
choice, notably toward 120 to 130 AD, were not sufficient to in-
fluence the harvest. During the first two centuries AD, oaks were 
exploited, with few exceptions, with a radius between 10 and 30 
cm (20 to 60 cm in diameter under the bark). Archaeological 
observations indicate that they are used in structures necessi-
tating neither a specific selection of woods, nor a sophisticated 
technology. This constitutes the characteristic of what we have 
called “good building oak” which, among timber woods, may 
be comparable to the “bois à maisonner” (house timber) cited 
in the medieval sources of the Duchy of Burgundy (Beck, 2007).

In the first phase, increasingly older woods were used, which 
indicates a use of reserves. In fact, though the logging was entirely 
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Fig. 6

Chronology of forest exploitation in terms of dendro-archaeological features.
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compensated by regeneration, exploitation may have taken place 
at a constant age. Regeneration did indeed take place and was 
included in the harvests. This is shown by a greater dispersal 
of the point grouping whereas the average age increases. From 
around 10 AD to 120–130 AD, the age groups that were exploited 

showed greater and greater variety. This means that removal 
went beyond the capacity for regeneration, with less productive 
trees, increasingly older, being harvested. After 120–130 AD, the 
average age declines, with younger trees being cut down. Indeed, 
the choices show two distinct age groups (Fig. 7). Reserve trees, 
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Fig. 7

Evolution of both tree age and radius as a function of felling dates. Minimal and maximal estimation calculated according to outermost and innermost 

rings and felling date estimations (LOWESS = locally weighted scatterplot smoothing).
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as old as 250 years are found with much younger trees whose 
growth is rapid. The former show the use of the last trees regen-
erated toward 100 BC, and the latter those produced in an envi-
ronment transformed by the increased rate of exploitation.

Logging

The 19 dendro-archaeological features which include at least 
four different woods have made it possible to organise the ma-
trix of comparisons of different series. The woods included in 
a single feature have more similar growths than that found for 
differing features.

In the 19 cases, the average correlation between the series of 
the same feature is greater than that calculated between differ-
ent features. The difference is the highest for structures 2, 3, 9, 
13 and 16 (Fig. 8), corresponding to successive facilities estab-
lished at Riedgraben channel. The trees used in a structure come 
from a “dendrological terroir”. It is therefore likely that the log-
ging took place in the form of fellings that opened up a wood-
land zone and not with the selection of isolated trees.

The results show broad variability, greater than that ob-
served in a test on present-day forests (ut supra). Certain 
groups of features present growths with more similarity than 
is found between study plots. The reality of “dendrological ter-
roirs” is functional. The results show then that the area of fell-
ings was rather limited and thus the specificity of local factors 
shows up in the growth. However, at the same time different 
fellings do not necessarily cross an ecological gradient that is as 
well-defined as in the example of present-day forests.

Generally, a link between archaeological structures and a har-
vest of timber woods becomes evident, via their growth simi-
larities, and, in four highly favourable cases, by the concord-
ance of felling seasons when several samples have their cambial 
zone preserved. It therefore appears that, even if the facilities in 
question did not necessitate sophisticated technology or specific 
woods, their very construction demanded that a decision be made 
to log a zone of forest land. A link exists between the architectur-
al project and the felling. If the oaks had been harvested regular-
ly, independently of the constructions, for commercial reasons or 
a large clearing for examples, it is likely that the woods used to-
gether in an archaeological project would have been cut in dif-
ferent seasons and come from different “dendrological terroirs”.

A forest logged yet remaining relatively dense

The development of ring width as a function of tree age is traced 
for the entire group of woods for the site (Fig. 9). It shows that 
during the juvenile phase, the rings are of highly varied widths. 
From an average of 2.3 mm, they often grow to 3 mm, and more 

rarely to 4 mm. This phase of heavy growth is followed by a rap-
id decline toward an average of 1 mm at age 50. After 50, the de-
crease is clearly much less rapid. The average width is 0.7 mm 
at age 100. Production during the juvenile phase is, on average, 
comparable to that of present-day forests, 2 mm, but the de-
crease is much less well-marked. Widths at age 50 are approxi-
mately 2.25 mm in a coppice-with-standards and 1.5 mm in the 
thickest high forests.

In present-day forests, as for those represented by the sam-
ples, logging cuts open up the population and thus allows signif-
icant juvenile growth. The forest state is temporarily destroyed 
in the goal of regenerating it.

To explain the differences, the first hypothesis is that in man-
aged forests, light and regular clearing every 8 to 10 years in high 
forests, and heavier clearing every 20 to 30 years in coppices-
with-standards, will lower the population density and maintain 
the production level. However, the curves designed for the study 
of present-day forests take the dominant trees of the population 
largely into account, whereas the Gallo-Roman exploitation had 
to be based on all forest strata. The relatively greater presence 
of dominated oaks, necessarily less productive, thus explains the 
lower rate of production observed.

The diameter attained by the tree at age 30 is an indication 
of its individual rate of productivity. Site conditions act upon its 
value, but in its juvenile phase, this rate is more dependent on 
the status of the tree within the population. For the group of ar-
chaeological samples, the strongest values allow us to isolate the 
samples from the trunks most likely to be dominant. Inversely, 
the weakest values will show the dominated trees, but also will 
indicate objects made of wood from the branches. This will take 
into account, at least partially, the fact that archaeological sam-
ples come from different heights in the tree and from trees of 
differing status.

Age-trend curves from the entire group of wood samples are 
thus arranged according to diameter at age 30, in three classes 
for which an average is calculated. After 15 years, all the ana-
lysed trees had a production rate inferior to that observed with-
in present-day hedges (Fig. 10). Whatever the class of diameter 
at age 30, the loss in productivity is high. They do indeed come 
from forest populations. The storeying of the curves is still per-
ceptible at age 50, but they are all lower than the production 
rates observed in high forests.

Globally, for the first two centuries AD, the forests logged to 
furnish the settlement with “good building oak” may have been 
denser at age 50 than a present-day high forest. Before this age, 
the clearing recommended by current silviculture was probably 
not practised in Gallo-Roman forests.
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Fig. 8

Dendro-typological results for 19 dendro-archaeological features at Oedenburg.
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Fig. 9

Ring-width development in com-

parison to the age of the trees 

used at Oedenburg.

Fig. 10

Comparison of ring-width devel-

opment as a function of aging at 

Oedenburg and in present man-

aged forests of varying densities. 
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Conclusion

In conclusion, over the course of the first two centuries AD, the 
succession of growth curves organised according to dendro- 
archaeological features makes it possible to identify three peri-
ods of logging for “good building oak” in the forests surrounding 

the site of Oedenburg. From approximately 10 AD until about 
55–65 AD, the oaks were felled at around an average age of 100-
120 years. These trees, used at the beginning of the chronology 
from the Gallo-Roman settlement, came from populations re-
generated between 130 and 70 BC. They show wide rings during 
their juvenile phase, a sign that they came from forests in which 
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Fig. 11

Logging at Oedenburg based 

on the growth of oaks dated by 

dendrochronology.
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previous logging had locally opened up the forest stands. In cor-
respondence, archaeological evidence from this part of the Rhine 
valley (Jud and Kaenel, 2002) shows intensification of settlement 
during the period 150–70 BC of La Tène D1 followed by a decline 
just before the Gallic Wars (58–51 BC).

From 55–65 AD, some of the oaks still came from popula-
tions regenerated around 100 BC, such that the trees felled were 
older, 180 and sometimes 200 years old. Some of them present 
an increase in their growth which quite likely points to fellings 
in their environment (Fig. 11). However, all age classes satisfy-
ing the diameter requirement were harvested. Logging thus de-
pended on regeneration and the mobilisation of reserves consti-
tuted especially by slow-production trees.

After 120–130 AD and more particularly beginning in 145, a 
few trees, aged approximately 250 years, still regenerated be-
tween 130 and 70 BC, were mixed with younger oaks from the en-
vironment transformed by logging during the first century AD.

Trees were harvested over that entire period. The similari-
ty between the series of ring widths from woods of the same 
dendro- archaeological features shows that they come from the 
same “dendrological terroir”, linking architectural project and 
forest exploitation decision. The logging locally de-structured 
the forest state and allowed a regeneration which began by a 
growth at least as intense as that of present-day forests logged 
either as coppice-with-standards or as high forests. After this 
period, production falls. At age 50, it is clearly lower than that 
of a forest managed by periodic clearing. In the context in which 
reserves are used, fellings are in the interest of low-productivi-
ty trees. Unfortunately, the sampling does not permit a precise 
description of production variability as a function of age in the 
different situations which can be envisaged: the pre-settlement 
forest, during the growth period, and the consequences of the 
latter. Yet it can be retained that exploitation necessitated the 
mobilisation of reserves which seem dependent above all on a 
previous regeneration, thus showing an increase in the rate of 
logging and leading to a transformed environment perceptible 
at the end of the available chronology.

The dendrochronological approach to the Oedenburg corpus 
allows us to put forward additional interpretations of the dates 
of the structures of the exploited forests. However, the archae-
ological material presents constraints in comparison to living 
trees analysed by dendro-ecology. The position of the sample on 
the tree is one such constraint, but the most serious one is how 
to evaluate the representativity of the analysed wood samples. 
Indeed, living trees are selected to respond to questions defined 
according to the ecological variability of a given area, whether 
produced by abiotic factors such as soil or exposure or biotic 

factors such as differences in population density. In contrast, 
dated trees imported onto the site from woodland areas cannot 
be localised and cover only a non-measurable part of their biotic 
or abiotic variability. The area of origin may be of variable size, 
information concerning the situations from which the oaks come 
is likely to be incomplete with respect to total variability, and the 
woods are “mixed” when used in objects or structures. It would 
therefore be dangerous to generalise, but the situation described 
here serves as a milestone for comparison with other sites, via 
the study of archaeological remains, leading toward a history of 
the exploitation of the resource of “good building wood”.
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 PART 2: 
 TRADE 





Dendro-provenancing
between the Baltic Sea
and the East Mediterranean

Summary

Dendro-provenancing has proven to be an excellent tool for 
historical studies in Northern Europe. Growing numbers of lo-
cal reference tree-ring chronologies provide increasing possi-
bilities to localise imported timbers in buildings and works of 
art, reconstruct the history of shipwrecks, and study the in-
tensity, range and main directions of timber trade in the past. 
Chronology building connected with the study of archives is an 
important task, especially in the Baltic and Scandinavian coun-
tries – historically the main sources of high quality timber deliv-
ered to Western Europe. Timber trade in the past can be a fac-
tor limiting dendro-provenancing at present because, for the 16th 
and 17th centuries, for instance, it is much easier to find Polish or 
Lithuanian oak in Western Europe than in Poland or Lithuania. 

The territory to the south of Poland has been of interest to 
only very few scientists dealing with the timber trade; how-
ever, the huge river systems of the Danube, Dniestr and Dniepr 
provide excellent opportunities to transport products from the 
Central and Eastern European forests to the Black Sea and the 
Mediterranean Basin. The first steps of dendro-provenancing 
in the areas south of Poland, illustrated here by selected exam-
ples, enable us to propose an outline of historical circulation of 
timber around Europe.

Introduction

The concept of dendro-provenancing – determining the geo-
graphic origin of timbers based on their tree-ring patterns – 
was conceived in the 1970s and stimulated by problems with the 

Tomasz Ważny
Institute for Study, Conservation and Restoration of Cultural Heritage, Nicolaus Copernicus University, Torun, Poland / Cornell 
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dendrochronological dating of Dutch and Flemish pa nel paint-
ings (Eckstein et al., 1986). The term “dendro-provenancing” was 
first proposed by Bonde, Tyers and Ważny during a presenta-
tion at the International Conference on Tree Rings, Environment 
and Humanity: Relationships and Processes in Tucson, AZ, in 
1994, and published in Archaeological Science a few years lat-
er (Bonde et al., 1997). Since that time, dendro-provenancing 
has gradually become an important branch of dendrochronolo-
gy. Based on the degree of similarity between tree-ring chronol-
ogies, it became possible to identify and date timbers of Baltic 
origin in Western Europe.

Tree-ring dating has been widely used in archaeology, art 
history and architecture for several decades (e.g. Douglass, 1935; 
Eckstein, 1978; Morgan, 1982; Becker et al., 1985). The term 
“dendro-provenancing” has become significant over the last 15 
years. The increasing network of local reference chronologies 
provides new possibilities to identify imported timbers in build-
ings and works of art, determine their origin, reconstruct the 
history of shipwrecks, and study the intensity, range and main 
directions of timber trade in the past.

Timber trade stimulating dendro-provenancing

Dendro-provenancing is important because timber as a strate-
gic material was exported over long distances in huge amounts 
to fill the dramatic shortage of wood in many countries. For ex-
ample, during the Age of Exploration, timber became a strate-
gic product for major colonial powers such as England, Spain, 
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France, Portugal, and the Netherlands. Local forest supplies 
were not sufficient to cover the growing demand for forest prod-
ucts, high quality oak in particular. In 1926, Robert Greenhalgh 
Albion described the timber problems of the British Royal Navy 
from 1652–1862 in his book Forests and Sea Power and com-
pared the old timber problem to the (then) modern oil situa-
tion. Shipyards were the main consumers of timber, stimulat-
ing a large-scale timber trade. It was not until 1862 that iron 
definitively replaced wood as the material for naval construc-
tions (Albion, 1926).

The first centres of timber trade were located in central- 
eastern Europe, along the Baltic Sea coast. Ports of this region 
grew and developed mainly at the mouths of major rivers such 
as the Vistula, Nemunas, Daugava – navigable rivers coming 
from the Central European Plain, an area densely covered with 
primary forests during the Middle Ages. Gdansk/Danzig, the old 
Hanseatic town at the mouth of the Vistula River, was one of 
the earliest and most important export harbors. Over a dozen 
kinds of forest products, mainly oak planks, were exported via 
Gdansk to Western Europe (Ważny and Eckstein, 1987; Ważny, 
2005). Primary forests with little human influence delivered the 
highest quality oak timbers. Trees having grown slowly and reg-
ularly in old undisturbed Baltic forests have different tree-ring 
patterns compared to trees from managed forests. Regular thin-
ning in the Atlantic forests gradually provided more space to the 
trees and hence wider rings; silvicultural practices like pollard-
ing and coppicing enhanced wood production, but produced 
wood unsuited for high quality timber (Beeckman, 2002).

Dendrochronology provides physical evidence of the scale 
and range of the former timber trade and past forest practi ces 
in different parts of Europe (e.g. Eckstein and Wrobel, 2007; 
Haneca et al., 2009). Dating of many buildings, constructions 
and works of art in Western Europe against so-called ‘Baltic’ 
oak chronologies secures the identification of timbers transport-
ed from the southern Baltic shores and from forests along major 
rivers draining into the Baltic Sea from far inland.

Timber trade limiting dendro-provenancing

An interesting effect of the timber trade is that the construc-
tion of oak chronologies in countries providing forest products 
became a difficult challenge. Export influenced the availability 
of timbers representing the period of the most intensive trade 
and resulted in a less dense grid of local tree-ring chronologies. 
In the Middle Ages, oak became very valuable and too expen-
sive for local consumers. Later, the establishment of pine mo-
nocultures and the transformation of woodlands into farmland 

reduced the availability of oak. As a result, it has proven much 
easier to find Polish or Lithuanian oak dated to the 16th or 17th 
century in England, Scotland or the Low Countries than in 
Poland or Lithuania. Maps showing the position of local Polish 
oak chronologies presented in century-long time slices from the 
12th to 17th centuries illustrate this problem (Fig. 1a-f). The first 
documents confirming regular sea navigation between Gdansk 
and Lübeck, the largest marketplace for North-European coun-
tries, and privileges for Hanseatic merchants originated in the 
first half of the 13th century (Ważny and Eckstein, 1987); a re-
view of the availability of oak tree-ring data thus begins with 
the 12th and 13th centuries. Timbers sold in the 13th century were 
produced from trees which started to grow and form annual 
rings in the 11th and 12th centuries.

The first map of Poland (in its current borders) with tree-
ring series representing the 12th century shows the territory 
well covered by local chronologies in coastal regions and in the 
Lower and Middle Vistula. The highest density of oak chronolo-
gies was achieved for the 13th and 14th centuries. This reflects in-
creasing building activity, and preference for oak as the build-
ing material of highest quality. Taking into consideration the 
number of tree-ring series, the majority of dated tree-ring se-
ries (thousands) represents this period only. The Black Death 
(1348–1350) seems to have had a very limited impact on build-
ing activity – many constructions were completed just after the 
epidemic. The next three time-slices show a gradual decline of 
oak data. The grid of chronologies becomes distinctly less dense; 
there is a drastic depletion of oak timbers in the 16th century in 
the Baltic countries and in the Vistula basin. The situation looks 
paradoxical because precisely this part of Europe was the main 
exporter of oak at this time. Despite the increasing application 
of non-flammable bricks for the construction of buildings, con-
sumption of wood remained at a very high level. The only ex-
planation is that oak became an expensive export commodity 
after 1400, and the much cheaper and readily available pine re-
placed oak at the local market.

A survey of dendrochronologically dated timbers used in 
Gdansk, located at the mouth of the Vistula River and the main 
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Fig. 1 (A-F)

Location of oak tree-ring data in Poland in selected time-slices. Replication 

of tree-ring series representing sites is diverse. The 16th century has been 

divided into two 50-year time-slices to “zoom-in” on a period with reduced 

oak tree-ring availability.
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hub of Baltic timber trade up to the 17th century, should cast 
more light on wood management in the Baltic countries. The 
Vistula River and its tributaries provided the necessary means 
for transportation of forest products from Pomerania, Prussia 
and Poland (Hirsch, 1858). Timber was transported mainly in 
the form of semi-finished products (planks, barrel staves, wain-
scoting, etc.), mainly oak, which we know from records of cus-
toms chambers located along the course of the lower Vistula 
(Rybarski, 1958). About the year 1400, a waterway between the 
Kuron and Vistula lagoons connected the two huge river sys-
tems of the Vistula and Nemunas (Hirsch, 1858). Harbor fa-
cilities at Gdańsk were also used to reload timber from vessels 
coming from the east to ships sailing to the North Sea. As a re-
sult, in specific years as many as 90% of the ships carrying dif-
ferent kinds of timber, and passing the Danish Straits, declared 
Gdańsk as the port of departure (Bonde et al., 1997).

It had to be assumed that in Gdańsk there existed plenty 
of oak timbers, and if so, this should be reflected in the oc-
currence of oak in local wooden constructions. Large-scale ar-
chaeological excavations in the Main Town and old harbor area 
of Gdańsk, including dendrochronological analyses – and the 
study of a few standing buildings which survived the Second 

World War – made it possible to verify this assumption. Our 
supporting statistics include only samples dated from 2002–
2009 because it was only in 2002 that the Gdańsk pine chrono-
logy was constructed, enabling us to date pine with the same ef-
ficacy as oak. The results obtained for almost 850 dated samples 
(Fig. 2) distinctly show that oak, having been predominant in 
14th century architecture, was replaced by Scots pine in the 15th 
and 16th centuries. In the next two centuries (17th and 18th), the 
number of oak timbers used in the city and the harbor drops 
to almost zero. Oak became almost exclusively an export good. 
Oak was sometimes used for special purposes, in panel paint-
ings for example, but when I studied paintings produced by lo-
cal workshops, it became clear that their tree-ring series did 
not match the reference oak chronology from around Gdańsk 
(Ważny, 2002).

Historic buildings in Poland are made of conifers (fir, spruce 
and pine in the hilly, southern part of the country, and only pine 
on the lowlands). Oak is very rare, especially in roof construc-
tions, although one can sometimes find bell frames in churches 
made of oak. At present, in general opinion pine is the tradition-
al building material in the country along the Vistula. However, 
excavations of early medieval structures which do not contain 
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Fig. 2

Distribution of dated oak and pine timbers from Gdańsk/Danzig in the 14th-18th centuries.
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any pines suitable for dendrochronology contradict this as-
sumption. Therefore, the longest pine chronologies start only in 
the 12th century and represent timbers from the 13th century on-
wards. The Gdańsk pine chronology, which is based mainly on 
timbers from the Main Town and the Granary Island, and con-
structed by the author in 2002, covers the period AD 1160–1990, 
while the KUJAWPOM pine chronology developed by Zielski 
for the Kuyavian-Pomerania region spans years AD 1168–2000 
(Zielski and Krąpiec, 2004).

Dendro-provenancing south of the Baltic region

The Baltic timber trade was not limited to provinces on the 
great rivers flowing to the Baltic Sea. Canal systems made it 
possible to penetrate deeper into Volhynia and the Ukraine on 
the Dniepr even beyond Kiev (Albion, 1926). On the Dniepr, 
it was necessary to first make a trip upstream to connect with 
the Daugava, and then downstream to Riga. This voyage could 
take two years, but was probably much more profitable than to 
the Black Sea, which was from the end of 15th century practi-
cally the inner lake of the Ottoman Empire. The territory to the 
south and southeast of Poland has been of interest to only very 
few scientists dealing with timber trade and dendrochronology 
(Kuniholm et al., 2007). We do not yet have any oak chronology 
for the upper Daugava and Dniepr regions, making it impossi-
ble to identify timber from these origins. The huge river systems 
of the Danube, Dniestr and Dniepr provide excellent oppor-
tunities to transport products from the Central and Eastern 
European forests to the Black Sea and the Mediterranean Basin. 
Many regions of southern Europe and the Near East experi-
enced a shortage of timbers already in ancient times.

The first example of long-distance timber transportation – 
cedar wood probably imported from the mountains of Lebanon 
by predynastic Egypt – was found by archaeologists to have be-
gun as early as the 4th millennium BC (Kuniholm et al., 2007). 
Tree-ring chronologies developed since 1973 by the Aegean 
Dendrochronology Project have enabled dendro-provenancing 
in the eastern Mediterranean as well. Kuniholm et al. (2007) 
presented the first dendrochronological evidence of the timber 
trade from the old Byzantine harbor of Istanbul on the Sea of 
Marmara, and identified Roman imports of Alpine larch. My si-
multaneous work in both the northern and southern parts of 
Europe enables creation of a map showing the circulation of 
timbers around Europe (Fig. 3). The significance of the arrows 
reflecting the movement of timbers is, of course, not equal-
ly weighted. There is massive wood delivery to the Baltic ports 
and regular timber trade between the Baltic and Atlantic Europe 

(routes 1 and 2); specifically targeted timber deliveries for con-
struction works in the Akkerman Fortress (route 5); North Greek 
barrels transported to England (route 3); and a single barrel 
from Moldavia (probably) found in northern Greece. This map 
documents the idea of how dendro-provenancing works in all 
parts of Europe. It should be noted that dendro-provenancing 
in the Mediterranean region is still in its early stages compared 
to four decades of dendro-provenancing in the northern half of 
the continent.
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Fig. 3

Circulation of timbers through Europe. (1) delivery of timbers from the 

Baltic hinterland to the Baltic ports, mainly Gdańsk/Danzig; (2) tradition-

al timber trade route to Western Europe; (3) 16th century barrel staves 

in Cambridge originating from a forest in northern Greece (Tyers, pers. 

comm.); (4) 16th century barrel found in the Octagonal Tower, Thessaloniki, 

dated by an oak chronology from the Akkerman Fortress, SW Ukraine; (5) 

timber supply of the Akkerman Fortress, built in a tree-less steppe. The 

significance of the arrows reflecting movement of timbers is not equal-

ly weighted.
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Conclusion

Dendro-provenancing has proved to be an outstanding tool for 
verifying documents concerning the historical timber trade in 
Northern and Central Europe. Because of difficulties (caused by 
this same timber trade) in finding oak in the region of its origin, the 
present situation is still far from excellent. Thanks to the efforts of 
Alar Läänelaid (Läänelaid et al., 2008), Rutile Pukienė (Pukienė 
and Ožalas, 2007) and Māris Zunde (Zunde, 1999), we already 
have results of dendro-provenancing from the Baltic countries.

In the Mediterranean World, wood was never as attractive 
a subject of commercial activity as in the North, and because 
of climatic reasons was not durable. In addition, the discov-
ery of wooden constructions or objects was not as spectacu-
lar for archaeologists and historians as, for example, ampho-
ras with their contents. On the other hand, ancient and early 
medieval empires were equally large timber consumers as their 
counterparts in medieval and modern Western Europe (Fig. 4). 
The development of political and cultural centres, such as 
Constantinople, and logistical problems with material supplies 
forced mass transportation from distant regions: Aegean, south-
ern coast of the Black Sea, Lower Danube (already documented 
by dendro-provenancing) and the Bulgarian coast (not yet doc-
umented by tree-ring studies). These first steps toward dendro- 
provenancing south of Poland enable us to see the outline of the 
historical circulation of timber around Europe.
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Haneca K., Čufar K. & Beeckman H., 2009. Oaks, Tree-Rings and 
Wooden Cultural Heritage: a Review of the Main Characteristics 
and Applications of Oak Dendrochronology in Europe, Journal 
of Archaeological Science 36, p. 1–11.

Hirsch T., 1858. Handels- und Gewerbegeschichte Danzigs 
unter der Herrschaft des Deutschen Ordens, S. Hirzel Verl., 
Leipzig, 334 p.

Kuniholm P. I., Griggs C. B. & Newton M. W., 2007. Evidence 
for Early Timber Trade in the Mediterranean, in Belke K., 
Kislinger E., Külzer A. & Stassinopoulou M. A. (eds), 
Byzantina Mediterranea: Festschrift für Johannes Koder zum 
65. Geburtstag, Vienna, p. 365–385.

Läänelaid A., Sohar K. & Meikar T., 2008. Present State and 
Chronology of Oak in an Oak Forest in Saaremaa Island, 
Estonia, Baltic Forestry 14, p. 34–43.

Morgan R. A., 1982. Current Tree-Ring Research in the 
Somerset Levels, in Bell M. & Limbrey S. (eds), Archaeological 
Aspects of Woodland Ecology (British Archaeological Reports, 
International Series 146), p. 261–277.
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Dendro-geography.
Mapping the Northern European
historic timber trade

Summary

Insight into many aspects and dynamics of the trade of timber 
in Northern Europe, through time, are possible through the com-
bination of archaeological, historical and dendrochronological 
analyses. A selection of examples from the analysis of materi-
al from a range of archaeological sites shows the range of infor-
mation that emerges. Barrels from the 8th century found in Ribe 
in Denmark show links to archaeological material in England, 
the Netherlands and the Middle Rhine in Germany. Finds in 
Denmark of barrels from the 14th and 15th centuries confirm the 
pattern that dendrochronological research in many laborato-
ries throughout Northern Europe has shown of the explosion 
in trade of panels, wainscots, boards etc., from the southern 
Baltic Sea coastal region. A summary of barrel finds, chiefly 
from Denmark, allows us to take a chronological view of the 
changes in sources for this often mundane find type. In many 
cases we also see regional differences in the standard dimensions 
of barrels. A shipwreck from the island of Darss, in northern 
Germany, is dated to around 1590. Two timber sources were uti-
lised in the building of this ship, and the timbers from these two 
regions were worked and utilised differently. The results from 
these many examples raise the possibility of future multidiscipli-
nary investigation into the regionality (or geography) and chro-
nology of Northern European timber-working traditions. A new 
term suggested for this analysis might be “dendro-geography”.

Introduction

With the developments in dendro-provenancing over the last 
few years, detailed analysis of the material evidence for trade 

Aoife Daly
dendro.dk, Brønshøj, Denmark

Key words  dendro-geography / dendro-provenance method / timber trade / Polish-Baltic timber /
          shipwrecks / barrels

across Europe in timber, and timber products, is now increas-
ingly possible. The results of these analyses allow insight into 
the availability of timber, and the extent and nature of trade 
in timber, in Northern Europe, over ca the last two millennia.

When detailed mapping of connections between timber ob-
jects and structures in Europe is carried out, different inter-
pretive questions must be asked, specific to the period being 
studied. Consideration must be taken of the logistics of trans-
porting bulk timber using the technology available. We must 
in this regard make the distinction between bulk timber which 
is not easy to transport, and timber products like wainscots 
and boards, which are prepared in the forest and are much 
more manageable. We must also take account of the geograph-
ic conditions when we identify timber sources and trade routes. 
Where we have large rivers, rafting of large cargos of timber 
is possible. In regions where we do not have major rivers, the 
transport of timber might be on a smaller scale. Additionally, 
we need to look at the shipping technology, to study the capac-
ity for timber transport by sea through time. We also need to 
look at the ships themselves, as their building is also subject 
to the availability of suitable timber. When we determine the 
provenance of ships’ timbers in the archaeological record we 
must ask: when are we identifying the region where the ship 
was built and when do we see the transport of timber for ship-
building elsewhere?

We can also take into account the availability of timber. In 
regions where we see a considerable amount of imported tim-
ber in the dendrochronological record, can we see a pattern of 
timber shortage locally?
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Despite these considerations, the identification of the prov-
enance of wooden objects and constructions through dendro-
chronology is allowing connections to be mapped between re-
gions, and at different periods. We can for example take the 
evidence from archaeological barrel finds. Barrels dating to the 
early 8th century found in Ribe in western Jutland, Denmark, 
were made from oak trees that grew in central Germany near 
the Rhine (Daly, 2007). Barrels from France from the 12th cen-
tury are found in London (England), Aberdeen (Scotland) and 
Ribe (Denmark) (Crone et al., 2004). From the mid-14th to the 
mid-15th centuries the source for oak barrels, at any rate in the 
Danish material, is predominantly from the southern Baltic Sea 
coast (Daly, 2007). We see again in the 16th century French bar-
rels appearing, this time in Ireland: while a boat found in 2007, 
in Drogheda Harbour, was built in around 1520s of Irish oak 
timber, the barrels found in its cargo came from France (Daly, 
forthcoming).

As we move in time toward the modern era, the interpreta-
tion of detailed provenance analysis has to take account of the 
increasingly complicated historic timber trade network. In this 
paper, detailed provenance analysis and the insights these anal-
yses allow is presented, in a discipline that the author now calls 
“dendro-geography”.

Background

During the 1990s, a research project funded by the European 
Union, entitled “Climate from tree rings” resulted in the assem-
blage of a large tree-ring dataset for oak covering large parts of 
Northern Europe. This dataset consists of the individual tree-
ring width measurements carried out by dendrochronologists in 
laboratories throughout Northern Europe over the last several 
decades, from Ireland in the west to Poland in the east. This data 
was used in research into climate change and the results pub-
lished in a complete volume of the journal Holocene (for exam-
ple the oak material is described in Kelly et al., 2002; Leuschner 
et al., 2002; Spurk et al., 2002). When in 2004, I began my PhD 
studies, I was kindly allowed to use this extensive dataset. The 
aim of the PhD thesis was to refine the method by which we de-
termine the region of origin of ancient oak timbers that we find 
on archaeological sites and in historical buildings. Previously, 
provenance determination using dendrochronology was carried 
out using large regional so-called master chronologies, which 
had been built by different researchers in different laboratories 
across Northern Europe, and which contain tree-ring data from 
very many trees. The material included in these master chro-
nologies is derived from living trees, historical buildings and 

archaeological sites. The timbers from these old buildings and 
sites have their own history of transport and many timbers, es-
pecially as we move into the Early Modern Period, may have 
been transported a considerable distance before they ended up 
used in such structures. There is thus the possibility that region-
al master chronologies contain timbers that are not from that 
region, causing problems in using these master chronologies for 
determining the origin of timbers in the archaeological record. 
It was therefore the aim of the PhD to go back to the original in-
dividual tree-ring measurements and re-group this original data 
for Northern Europe so that we could achieve more detailed and 
accurate provenance determination.

Details of the methodology are described in Daly (2007), 
which is available online. A short summary is presented here. 
After cleaning and checking the data (the tree-ring measure-
ments were checked for errors and dating accuracy, and the 
site location was also controlled, enabling accurate placement 
into a geographic information system [GIS]), site chronologies 
were made for each individual site. Only tree-ring measure-
ments from a single site that matched well together were in-
cluded in each site chronology. The management of all this tree-
ring data was done using the program DENDRO (Tyers, 2004). 
Provenance determination (using Student’s t-test as described 
in Baillie and Pilcher, 1973) was then carried out on three levels, 
all of which were mapped: the first level is where the site being 
tested (tree-ring measurements from a shipwreck, a barrel, an 
historical building, etc.) is compared with the large network of 
master chronologies; at the second level, a site is compared to all 
the newly built site chronologies; and the third level is the test-
ing of the site against all single measurements in the dataset. In 
each case, the results of correlation were mapped: it is the dis-
tribution of the correlation values that is important to the in-
terpretation of the results and the final conclusion of the prov-
enance determination.1 Let us take an example.

A wreck was found in Kolding Fjord, in 1943 (Hansen, 1944). 
The ship is a cog, as defined by Crumlin-Pedersen (2000). It 
was the subject of investigation by Dokkedal (2001) and initial-
ly five samples (Eriksen, 2000b) and subsequently an addition-
al 13 samples (Daly, 2002) were analysed dendrochronologically. 
Complete sapwood to bark edge on three samples meant that a 
date of winter 1188/89 was achieved. Already in the initial anal-
ysis of the five samples, the very high correlation with a Jutland 
chronology (built at the National Museum of Denmark) indicat-
ed a western Danish origin of the oak timber.

AOIFE DALY
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An average for the ship was made using 13 samples, which 
represents 11 trees (60873M01). This average is 207 years long 
and covers the period 982–1188. The test at the second level, 
with all site chronologies in the Northern European dataset, is 
shown in Figure 1. The higher the t-value, the larger the circle 
shown on the map. The highest correlation (t = 15.11) is with a 
site chronology from Haderslev (Eriksen, 1996) and the distri-
bution of the correlation values shows that a cluster of high val-
ues appears in the Southern Jutland region. In this case then, in 
an example from the late 12th century, a very clear provenance 
determination distribution map can be produced. This is dis-
cussed further in Hocker and Daly (2006).

In the application of this methodology, I decided to allow 
transported timbers, which were apparent in the dataset, to re-
main rather than removing them. There are several reasons for 
this: one is that allowing the exotic timbers to remain meant 
that, when I tested a ship or other object against this data, the 
distribution of the t-values (Student’s t-test, a commonly used 
correlation statistic) serves to highlight these exotic examples. 
Let us take some examples.

8th-century barrels from Ribe, Denmark

Over the last many years many barrels have been found in 
archaeological excavations in the town of Ribe and four of 
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Fig. 1

The Kolding cog, Jutland. Map showing the distribution of correlation val-

ues achieved between the mean for the Kolding cog and site chronologies 

from Northern Europe (the second level test).
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these barrels have been dendrochronologically dated to the 
8th century.2

The barrel staves from Dommerkontorets Have were dated 
to after ca 705 using German chronologies.3 As early as 1979 be-
fore the barrel staves were dated, an analysis of the substance 
adhering to the barrel was analysed and identified as a tar, from 
spruce, pine or larch. This, in combination with the narrow tree 
rings of the barrel staves, led to the suggestion that the barrel 
and the tar might come from a mountainous region in Central 
Europe.4

Carsten Sønderby’s original conclusion for the analysis of 
four barrel staves from well A7 at Giørtzvej was that the out-
ermost tree ring was formed in the year 700, and that the oak 
came from the Rhine River in the region of Mainz.5 No sapwood 
was preserved on the barrel staves, so only termini post quem 
dates are possible. If we add 15 rings to account for missing sap-
wood the felling date for the tree that supplied the timber can 
be placed at after 715.

Three staves, two from a complete barrel and one addition-
al stave from Well A159, were analysed from another excava-
tion at Giørtzvej. The tree-ring curves from the two staves were 
so similar that they might be from a single tree. The third stave 
matched quite well with the staves from the complete barrel. 
Sapwood on one of the staves meant that a date for the felling of 
the oak for the complete barrel could be placed at ca 712 (Daly, 
2000b). An interesting observation in the analysis was that the 
barrel matched quite well with German chronologies utilised at 
the time, and with just one site in Denmark, again data from 
Ribe, at Dommerkontorets Have mentioned above. The barrel 
matched with just four samples from Dommerkontorets Have, 
and this was at the time puzzling, but was not pursued further. 

When all these separate analyses were gathered to gether, 
a link between these finds emerges. The two Giørtsvej bar-
rels, analysed in different dendrochronological laboratories, 
but from adjacent archaeological excavations, match well to 
each other and to the four measurements from barrel staves 
from Dommerkontorets Have. The correlation matrix in Table 1 
shows how well these three barrels match, and an average of the 
three barrels has been made. It can also be seen in the matrix 
that the fourth 8th-century barrel, from Seminarievej, does not 
match as well with the other three.

The average tree-ring curves for the four barrels and the av-
erage of the three well matching barrels from Giørtzvej and 
Dommerkontorets Have are compared with master chrono-
logies for Northern Europe (Tab. 2). Very clearly there is quite a 
spread, geographically, of high values, noticeable for all barrels. 
High values occur with southern German chronologies, but also 
with a chronology for the Southern Netherlands. Now this might 
not be a problem when we remember that the Rhine River flows 
out of Central Europe exactly in the Southern Netherlands, so 
the suggestion of a Rhine provenance for these barrels is not im-
possible. It is, in this light though, considered important to carry 
out a third level test using the average of the three similar bar-
rels (Fig. 2). The individual sites that the three barrels match 
with are spread out from Middle Rhine, a site in the Southern 
Netherlands and even a site in southeast England. This is a 
product of the inclusion in the European dataset of exotic oak 
data in different regions. When the tree-ring measurements of 
the English and Dutch examples that match very well with the 
three Ribe barrels are run against masters, they also match best 
with the Middle Rhine region.

The details of the find context of the tree-ring data from the 
many different sites in the dataset from the 1990s EU-funded 
project were not included, as the original aim of the data collec-
tion was for climate reconstruction. It would be necessary to go 
back to the different laboratories that originally analysed these 
timbers to identify the context of these measurements. Are they 
also barrels, for example, or are they evidence for the trans-
port of timber in the 8th century? Therefore this example dem-
onstrates the limitations of using the raw ring-width data with-
out the accompanying details of the archaeological or historical 
context of the material. The new initiative now started in a col-
laborative project Digital Collaboratory for Cultural-Historical 
Dendrochronology (DCCD), where these details (Jansma et al., 
2009) can be included in future data sharing, is a very impor-
tant step in improving the detail of interpretation of the re-
sults that provenancing of timber provides, in discussion of the 
Northern European historic timber trade.
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2. Two of the barrels, Giortzvej ASR990 and Seminarievej, were analysed 

by Carsten Sønderby, whose results are archived at the Antikvariske 

Samling in Ribe. The other Giortzvej site (ASR 1357) was analysed by Daly 

(2000b). The barrel parts from Dommerkontorets Have were examined in 

the 1970s at the Natural Science Unit at the National Museum of Denmark, 

but it was not until 1989, when the tree-ring data was looked into again 

by Kjeld Christensen, that the barrel was dated (Christensen K., 1989. 

Dommerkontorets Have, Ribe, Nationalmuseets Naturvidenskabelige 

Undersøgelser (NNU) archive journal A5820, 4 p.).

3. NNU archive journal no. A5820, report by Kjeld Christensen dated 

18 May 1989.

4. NNU archive A5820 letter from Mogens Bencard to Poul Sigsgaard dat-

ed 2 November 1979.

5. Letter from Carsten Sønderby dated 1 December 1997 in ASR 990.
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Table 1

Dommerkontorets Have, Seminarievej and the two Giørtzvej barrels. 

Matrix showing the correlation between the means of these four barrels.

Table 2

Four barrels from Early Ribe, Denmark. Correlation between the means 

from the four barrels and a mean of three of the barrels combined and 

master chronologies from Northern Europe. Matrix showing the correla-

tion between the means of these four barrels.
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Three Ribe barrels

11.81 10.09 6.02

3.82 5.62 3.14

14.40

6.60

9.65

5.78

6.65 8.44 3.61

5.58 5.51 3.18

10.38

6.08

8.80

4.17

5.10 5.33 < 3

< 3 6.43 < 3

7.12

5.80

Filenames
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S. Netherlands
(Jansma, 1995)

S. Germany (Leuschner, 
pers. comm.)
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S. Germany (Jansma,
pers. comm.)
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(Jansma, pers. comm.)

-

BOG00000
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-

Göttingen (Leuschner,
pers. comm.)

London
(Tyers, pers. comm.)

WD400std
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9M456781

W. Germany
(Hollstein, 1980)

Weser (Leuschner,
pers. comm.)

W. Friesland
(Jansma, pers. comm.)

W. Denmark (National 
Museum Denmark)
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15.24
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The southern Baltic Sea coast barrel group

A considerable group of barrels dating from the 14th and ear-
ly 15th centuries have been found to be of a southern Baltic Sea 
coast origin. This group consists of barrel staves (or other parts) 
from several Danish sites, as described here. Just one stave from 
G. Åby Kirkegaard, Århus dates to after ca 1325.6 Two of four 
staves from two barrels found at Kathredralskole, Ribe match 

well together and are from trees felled in ca 1320; a mean of 
these is tested in Table 3. The tree-ring curves from the other two 
staves could also be dated to ca 1315, although the conclusion 
that the timber was of local Danish origin seems not to be the 
case: highest correlations for both these series appear also with 
southern Baltic references.7 Three staves from Suså, Næstved, 
were analysed in 2001 (Daly, 2001a). No sapwood was preserved 
on the staves; the date for the felling of the trees is after 1337. 
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Fig. 2

Three 8th-century barrels from Ribe. Map showing the distribution of cor-

relation values achieved between the mean for the three barrels and sin-

gle tree-ring measurements from Northern Europe (the third level test).

7. Den Antikvariske Samling, Ribe, archive ASR1445, Carsten Sønderby 

in analysis report.

6. Barrels from G. Åby Kirkegaard and Århus Kathredralskole, Ribe were 

analysed by Carsten Sønderby.
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Parts of several barrels were analysed from a fortified farmstead 
in Jutland at Boringholm (Kock, 2005): three staves and three 
lids. The tree-ring curve from one of the lids matched less well 
with the remaining five, and therefore this one was left out of the 
average for the barrel parts. Sapwood on two staves allowed the 
felling date for the oaks to be placed at ca 1372 (Daly, 2005a). 
Barrel parts from excavations in Skattergade, Svendborg, were 
analysed in 1982, but no date emerged at the time (Bonde, 1982). 
Two staves and a board have been dated subsequently: after 
ca 1355, after ca 1390 and after ca 1400. Right in the heart of 
Copenhagen a large oak barrel-shaped vat was found in 2000 
during excavation in Niels Hemmingsensgade.8 Three staves 
were analysed and a felling date for the trees used for the barrel 
is estimated to after ca 1410 (Daly, 2000a). The final barrel in this 
group was found at excavations in Kompagnistræde, Næstved. 
It was one of several, but is dealt with alone here, as it showed 
a different provenance than the other pieces from the excava-
tion. Three oak staves were analysed from it. As the internal cor-
relation (the t-value of every tree-ring curve against every other) 
shows relatively low agreement between the staves, they have 
been analysed separately: the felling dates for the trees could be 
placed at after 1400, ca 1400–1425 and ca 1418–1440 respectively.

As can be seen in the table of correlation for this group 
(Tab. 3), organised chronologically, all these barrels are made 
from oak that grew in the southern Baltic Sea coast region. 
Now the pattern of this period where we find so many timbers 
of southern Baltic origin is reflected in the results of the ship-
wrecks dating to the period (for example Bonde and Jensen, 
1995; Ważny, 2002; Daly and Nymoen, 2008), and we have seen 
it in the many analyses of panel paintings, furniture, etc. (for 
example Baillie et al., 1985; Eckstein et al., 1986; Hillam and 
Tyers, 1995; Klein, 2003; Haneca et al., 2005; Fraiture, 2009).

Trade in wainscots for panelling in the medieval and early 
modern periods are just one commodity that was traded across 
Northern Europe. The barrels presented here represent the more 
mundane objects that could be made from the same type of ma-
terial, from similar sources to the wainscot panelling, and might 
be taken as an indicator of the regions where this material was 
available for export. Ships’ planking can also have been an im-
portant timber product exported from forest-rich regions, and 
many examples of ships built of southern Baltic timber as men-
tioned above might be ships that were made of southern Baltic 
timber but built elsewhere. The case of three ships, dating to 

the first half of the 15th century, found in Copenhagen harbour 
at Dokøen (Gøthche and Høst Madsen, 2001; Eriksen, 2001a; 
2001b; Bonde and Eriksen, 2002) are a key to this discussion 
(see Daly 2007, p. 220-225). It seems that in this period the enor-
mous amount of southern Baltic timber that we find in the den-
drochronological record is confined to finds of planking, panel-
ling and boards, while structural timber is still locally available 
and utilised (for example Fraiture, 2007). By the early 16th cen-
tury we see structural oak timber transported long distances 
(for example Crone and Fawcett, 1998), but when does this be-
come a regular practice? An interesting task that the Northern 
European dendrochronological community could undertake is 
to identify the origin of the structural timber (roofing beams for 
example) to map the rate, chronology and source of building-
timber transport.

The “4AM Wreck”, Darss, Germany9

In summer 2009, a wreck was found off the coast of the island 
of Darss, Mecklenburg-Vorpommern, Germany, during survey 
work under the supervision of Jens Auer, from the University of 
Southern Denmark. The boat is built of clinker planking, but was 
re-built with an additional layer of carvel planking.10

Samples from nine timbers, all of oak (Quercus sp.), were 
dated (Fig. 3a). Sapwood is preserved on five of the samples. 
Taking the dating results for the material as a whole, and al-
lowing for missing sapwood, the felling date for the trees from 
which the samples come, is estimated to ca 1590.

The internal correlation is shown in Figure 3b. The tree-ring 
curves from two samples (clinker plank 120 and clinker plank 
131) are so alike that it might be suggested that they come from 
the same tree, and these two are therefore averaged to one tree-
ring curve. From the correlation results it is apparent that two 
distinct groups are represented in the material, so two mean 
curves have been made: the first mean curve (Z043M001) in-
cludes six samples (the clinker planks and two frames, repre-
senting five trees), consists of 258 years and covers the period 
1320–1577; the second mean (Z043M002) is made from three 
samples (one of the frames and the two carvel planks), is 196 
years in length and covers the period 1394–1589.

It might also be mentioned that the carvel planks are both 
cut tangentially from the parent timber, while three of the four 
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8. Excavation was carried out by Copenhagen City Museum.

9. FPL 77. The ship was given the name “4am wreck” as this was the time 

of day that the archaeologists excavated the find.

10. Jens Auer, University of Southern Denmark, September 2009, pers. 

comm.
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Table 3

The southern Baltic barrel group. Table showing the correlation between the 

measurements or means for the southern Baltic barrels and master and site 

chronologies from Northern Europe. The sources of the chronologies are 

DE = Dieter Eckstein, Hamburg University, pers. comm., 2004; HL = Hans-

Hubert Leuschner, Göttingen University, pers. comm., 2004; IT = Ian Tyers, 

Dendrochronological Consultancy Ltd., pers. comm., 2010; NMD = National 

Museum of Denmark; TB = Thomas Bartholin, Lund University, pers. comm., 

1997; TW = Tomasz Ważny, Academy of Arts Warsaw, pers. comm., 1999.

Fig. 3

The so-called “4AM Wreck”, Darss, Germany.

A  The chronological position of the dated samples from the boat. 

  Heartwood is in light grey, sapwood in dark grey. The yellow marks the  

  estimated felling date range for the trees used in the ship.

B  Matrix of internal correlation. Clearly, there are two distinct groups.

 “4 AM Wreck”, Darss, Meklenburg Vorpommern, dendrochronological dating 
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clinker planks are cut radially. It is interesting that the timbers 
from the two groups are both worked differently and used dif-
ferently in the ship construction.11

The results of the correlation between the two mean curves 
from the ship and master and site chronologies from Northern 
Europe clearly show that the two timber groups from the ship 
originate from different regions (Fig. 4 and 5).

The first group, consisting of the four clinker planks and 
two frames, matches best with a range of chronologies that 
come from the region around Øresund, i.e. Skåne or Zealand. 
In addition, the clinker group mean achieves highest correlation 
(t = 10.82, not mapped) with timbers from a shipwreck found at 
Amager Strand off Zealand’s east coast (Daly, 2008). The sec-
ond group, that consists of the two carvel planks and one frame, 
achieved the highest correlation with timbers from the towns of 
Lübeck, Schwerin and Wismar, and with material from rural 
contexts in west Mecklenburg.12

We have quite a number of examples of boats and ships from 
the 15th and 16th centuries where the timbers used are from dif-
ferent sources, and this example is no exception. It underlines 
the importance of analysing several samples from any timber 
structure, as has not always been the practice, since more in-
formation can be attained in this way. For this wreck it was al-
ready supposed that the boat might have a less simple building 
history, given the mixed use of clinker and carvel techniques in 
the construction. The analysis provides us with an estimate of 
the date for the felling of the trees for the boat, but this is not 
precise enough to tell us whether there is a time difference be-
tween the clinker-built parts and the added carvel construc-
tion. In the analysis, however, we can clearly discern two dis-
tinct timber groups and the provenance analysis shows us that 
this is because the groups are from two geographic sources, and 
these also coincide with the way the planks have been cut from 
the parent timber. We might ask what determines the preference 
for radially or tangentially converted planks. Has this to do with 
the condition of the timber source, or the function for which 
the plank is intended, or are we seeing regional traditions? A 
comprehensive analysis of the timber used in shipbuilding, with 
the chronological and geographic detail that dendrochrono logy 
provides, could bring us toward answers to these questions.

Barrels, an overview

Archaeological finds of barrels are a frequent occurrence, partic-
ularly on urban sites. These barrels are usually re-used as lining 
for wells or latrines. As barrels are containers that were made 
for the transport of a range of products throughout Northern 
Europe and beyond, their place of origin is not always the same 
as the place where they were found archaeologically. Therefore, 
a number of such barrel finds were analysed (Daly, 2007) to 
determine their date and timber origin. A summary of the re-
sults of this analysis is presented in Table 4 and this is ordered 
chronologically. The barrels are all Danish finds except one bar-
rel from Aberdeen in Scotland and a group of barrels from a 
shipwreck in Drogheda, on the east coast of Ireland. It might 
be mentioned that we only analysed oak barrels here. In terms 
of function, certain wood species might be suitable or unsuita-
ble for certain goods.13

There are 28 barrels or barrel groups listed here, although 
some are represented by just one barrel stave. Can we make 
generalisations on the basis of the results of these dated barrels, 
despite the uncertainty of the extent to which these were re-
used and transported to and from several markets or sites with 
a varying range of goods, before they were finally re-used as 
the lining of wells and latrines? A number of barrel finds have 
also been analysed in dendrochronology laboratories through-
out Northern Europe over the years (for example Eckstein et 
al., 1975; Houbrechts and Pieters, 1999; Crone et al., 2004). We 
might take the assemblage here to represent the picture of tim-
ber sources, for such objects, through time.

It can be seen that a pattern might be apparent in the barrel 
results. Three of the barrels in the 8th-century group from the ear-
ly phase of the town of Ribe, as described above, may represent a 
single shipment of goods, as the date, correlation and origin for 
these three are so similar. The barrel results serve to confirm the 
trading status of Ribe at this early period, and the dates also co-
incide with the building of a causeway at Nybro (Frandsen, 1999; 
Ravn, 1999; Daly, 2006) showing increased infrastructure in 
Ribe’s hinterland in this century. Dendrochronological analysis 
of oak barrels found in the town of Dorestad in the Netherlands 
resulted in the dating of 34 barrels (Eckstein et al., 1975). The 
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11. It was not possible to determine how the fourth clinker plank had 

been cut.

12. Karl-Uwe Heußner, Deutsches Archäologisches Institut, 3 September 

2009, pers. comm.

13. It has been suggested for example that oak barrels are not suitable 

for transporting salt, as the tannin will colour the salt (Jens Vellev, Århus 

University, 2005, pers. comm.).
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Fig. 4

The so-called “4AM Wreck”, Darss, 

Germany. Map showing the corre-

lation between the tree-ring aver-

age from “the clinker group” and 

master and site chronologies from 

Northern Europe.

Fig. 5

The so-called “4AM Wreck”, Darss, 

Germany. Map showing the corre-

lation between the tree-ring aver-

age from “the carvel group” and 

master and site chronologies from 

Northern Europe.
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dates range from late 7th century to mid-9th century, but by far 
the most were from ca 715 to ca 770. It was found that the bar-
rels matched best with chronologies from the Mainz region of 
the Rhine basin. Our Ribe barrels fit very neatly into this group 
of Dorestad barrels. It is explained that wine from the Rhineland 
was transported down the Rhine to Dorestad, and it could be 
from here wine was transported further to Ribe.

The single bucket stave analysed, from the late 10th or ear-
ly 11th century, reminds us of the expansion of the Viking world 
at that time, where one piece of a bucket, made from oak from 
northern England, ended its days discarded on the floor of the 
Smithy at Viborg Søndersø. Four barrel parts from the 12th cen-
tury show that at this period a variety of sources for oak appear 
in the Danish finds. We see one example of local wood, and three 
examples of barrels of oak from a variety of origins. It can be 
noted though that all three origins for these 12th-century barrels 
are western continental Europe. One is from somewhere along 
the Rhine River in Germany, one from the Burgundy region of 
France while the third is from coastal Lower Saxony.14

Barrel parts from six sites are dated to the 13th century. A re-
liable provenance could not be identified for two of them, dat-
ed from the first half of the century, but a region of origin could 
be given for the four others, dated from the late 13th century: 
while some still came from the western European region, now 
we also find barrels made of oak that seems to come from east 
of Denmark, in the region of Lübeck.

One barrel from the beginning of the 14th century has a similar 
provenance as the two Lübeck barrels from the preceding centu-
ry, after which the picture changes radically. The southern Baltic 
group is very clearly a chronologically well-defined phenome-
non, as the large block highlighted in yellow indicates. From 
around the 1320s to the 1420s barrels built from southern Baltic 
oak predominate, which has already been shown, for example, 
by many barrels dating to the 15th century found at Raversijde 
in northern Holland that match best with a chronology from 

Gdańsk (Houbrechts and Pieters, 1999). In fact, all the bar-
rels are of southern Baltic origin except one, which seems to be 
from the Burgundy region of France. The southern Baltic bar-
rels are very uniform in size, while the French barrel is of dif-
ferent dimensions:

De tonnen zijn onderling zeer gelijkend, men zou haast 
zeggen identiek. Slechts één ton – deze die vermoedelijk uit 
Bourgondisch hout is vervaardigd – lijkt iets groter dan de ove-
rige” (Houbrechts and Pieters, 1999, p. 255).

The same phenomenon was observed in the case of barrels 
at Boringholm in Denmark: two barrel lids of identical dimen-
sions are of southern Baltic timber, while a third, larger lid was 
of timber from southern Germany (Daly, 2005a).15

From the 15th century we again see a variety of sources of oak 
for barrels, reflecting the diversity of traded goods in Northern 
Europe. Most recently, analysis of eight barrels from a group of 
13, found as cargo in a ship in Drogheda harbour, on Ireland’s 
east coast, has been carried out (Daly, forthcoming). Staves 
from one of the barrels are shown in Figure 6. It has been found 
that the barrel material matches best with tree-ring data from 
western France.16 Again here, most barrels were of a standard, 
uniform size, and belong within a single group dendrochrono-
logically, but one barrel is of different dimensions, and also sits 
apart dendrochronologically, thus seeming to come from a dif-
ferent region in France. 

In the future it will be possible, by assembling the diverse 
analyses of barrels finds throughout Northern Europe through 
collaboration between laboratories, to map the barrel sizes 
with the dendrochronological provenance determination, and 

AOIFE DALY

Table 4

Dating and provenance determination of a range of barrels, chiefly from 

Danish sites.

14. The French barrel, from Præstegade in Ribe, can also be linked to 

two other barrels, one found in London, England and the other in Perth, 

Scotland (Crone et al., 2004).

15. The same southern Baltic origin is demonstrated for a large number 

of ships from this period also (for example Bonde and Jensen, 1995; Daly 

and Nymoen, 2007; Daly, 2007).

16. Vincent Bernard, University of Rennes 1, 27 November 2008, pers. 

comm. and Catherine Lavier, Centre de Recherche et de Restauration des 

Musées de France, 27 November 2009, pers. comm.

17. Information from Christensen K., 1989. Dommerkontorets Have, Ribe, 

NNU archive journal A5820, 4 p.
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(Daly, 2001a)

(Daly, 2007)
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Præstegade 13 Ribe

Skt Pederstræde Viborg middelalder

Boringholm

Giørtzvej

Horsens A116

Brolæggerstræde København

Ribelund

Name
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Drogheda boat barrels, Ireland
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Dommerkontorets Have, Ribe

Saltgade 4 Ribe Brønd A

Niels Hemmingsensgade Copenhagen
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Kathedralskole Ribe

Pilestræde 8 København fridge
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Suså Næstved

Skt Pederstræde Viborg renæssance

G001

7005 After ca

W80 After

2129 After ca

F008 After

W20718/
2005

ca

B0090 After

W438 Last ring

21214 After

F0041 Winter?



to investigate the regional and chronological traditions and 
standards.

In conclusion

Due to the cooperation of dendrochronology laboratories over 
Northern Europe, connections between regions in Europe are 
shown through the analysis of tree rings. The precise dating 
that dendrochronology provides, combined with the analy-
sis of the source of the timber, allows a detailed interpretation 
of Northern Europe’s historic timber trade. The potential for 
even more detail on the types of timbers and timber products 
that were transported, the techniques and traditions that were 

prevalent in different regions, on problems of overexploitation 
of the forest resource, etc., can be tackled with a view to iden-
tifying and discussing regional and chronological differences. 
The examples described above show how such analyses are cur-
rently producing new and exciting details, but are just appe-
tizers of the potential this material has for greater insight into 
Europe’s historic timber industry and timber trade. In combin-
ing the extensive and detailed information that we have on tim-
ber trade, timber workmanship, the timber resource, dendro-
chronological dating and provenance analysis, across the entire 
Northern European region, we can describe and analyse details 
of this important industry. This new discipline could be called 
“dendro-geography”.
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Fig. 6

Staves from one of the barrels found in the Drogheda Boat, in Drogheda 

harbour on the east Irish coast. These barrels were made in the early 16th 

century, from oak that grew in western France. © A. Daly, dendro.dk
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New dendrochronological, historical
and archaeological evidence of
long-distance floating of timbers to Riga

Summary

Many historical buildings and remains of such buildings dis-
covered in the course of archaeological excavations in Riga Old 
Town were built of timber floated downstream to Riga along the 
River Daugava (Düna, Western Dvina), having been cut in the for-
ests of the upper basin of this river, as well as in the Dnieper and 
even the Volga Basins. So far, because of the inadequate number 
of absolute tree-ring chronologies for comparison, attempts to 
determine the source location using dendro-provenancing have 
only given very general information. Listed and described in this 
paper are some of the artefactual features and kinds of evidence 
that can sometimes provide very important additional informa-
tion, enabling a more precise and objective interpretation of den-
drochronological results. In particular conditions, such features 
and kinds of evidence may include the diameter of the timber, 
the overall differences in terms of the similarity between series 
of ring-width indices, logs specially prepared for tying into rafts, 
carved ownership marks and other kinds of marks, the manner 
of preparing timbers for construction, etc. As these features and 
lines of evidence are studied further, taken together they could 
provide significantly more definite information.

The setting of Old Riga and its hinterland 

Every summer for more than 55 years, there has been at least 
some archaeological excavation within the 28-ha territory of Riga 
Old Town. Most of this work has been undertaken in advance of 
the construction of new shops and housing, and development of 
the basements of historical buildings. In Old Riga, the cultural 
layer that needs to be excavated is between three and five metres 
thick, reaching a thickness of eight metres along the course of the 
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former River Rı̄dzene, which once flowed through the old town 
and has gradually been filled up over the past centuries. The lo-
wer strata of the cultural layer are permanently waterlogged be-
cause Riga is built on very low-lying terrain, only slightly above 
sea level, and the historical centre of the city extends almost up 
to the bank of the River Daugava, which dissects the city of Riga 
at the present day. Apart from this, the lower strata of the cul-
tural layer are rich in organics, so remains of historical wooden 
buildings and other timber structures are often encountered in 
the course of archaeological excavations in Old Riga with tim-
bers preserved in good condition in the anaerobic environment.

Of course, archaeologists are interested in the precise abso-
lute age of these structures; dendro-dating of structural timbers 
has thus been undertaken.

Dating the wooden structures uncovered in Riga Old Town is 
in many cases very difficult, but also very interesting. Because 
Riga is located on the River Daugava (Düna, Western Dvina) 
which was formerly a very important waterway for the supply 
of trade goods, the buildings and other structures were mainly 
made from timbers supplied to the town by floating them down 
the river. Written historical sources indicate that in the 13th and 
14th centuries forest products were supplied to Riga almost ex-
clusively from the area of present-day Latvia. Starting from 
the mid-15th century there are records in Riga of timbers from 
Lithuania, and then from the western parts of Russia close to 
the Daugava. For the 16th century there is evidence of timber 
from forests along the Dnieper and its tributaries in present-day 
Belarus, and in the late 18th century timbers were in some ca-
ses supplied to Riga from as far afield as the forests of the Kiev 
area in Ukraine and forests of the Volga Basin in Russia, located 
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almost 1,800 km from Riga (Pāvulāne, 1975). A large propor-
tion of the timber supplied to Riga was exported to Western 
European countries by ship, while a certain part was used for 
building work in Riga. This means that the historical timber dis-
covered in the course of archaeological excavations in Old Riga 
or still preserved in historical buildings is very heterogeneous: 
it was supplied from a variety of geographic areas and thus also 
reflects a range of different growing conditions. It is difficult, 
or in many cases impossible, to synchronise or cross-date ring-
width series of trees that grew in different environmental con-
ditions. However, if dating can be achieved, then it is interesting 
to try to resolve the important question of how far the timber 
source was from Riga and indeed where the timber was coming 
from. In other words, this is a case of the practical application 
of dendro-provenancing.

Progress of Latvian dendrochronology
in the recent past

During the past 15 years, a string of absolute Scots pine chro-
nologies have been obtained in Latvia covering a total period of 
about 1,000 years. The number of absolutely dated chronologies 
and the network of chronologies have been extended sufficiently 
to make it possible to use the statistics indicating similarity be-
tween series, obtained by comparing the series of mean values 
of ring-width indices with these absolute chronologies, for de-
termining approximately whether a particular series relates to: 
a) pine timber of local origin; b) timber floated to Riga down-
river from at least as far as the area of present-day Belarus; and 
c) timber most probably cut in some part of the Daugava Basin 
lying between the two above-mentioned areas.

However, it has to be admitted that determining the source 
area of timber based solely on the correlation coefficient between  
series, the t-value, is not always sufficiently accurate. The t- value 
is influenced by such factors as the number of repeated ring-
width measurements in different radial directions, the method 
chosen for standardising ring-width data, the number and qual-
ity of the cross-dated series of ring-width indices used for calcu-
lating the chronology, and the length of the tree-ring chronolo-
gies compared. It has often been found in practice that a t-value 
obtained in comparing tree-ring chronologies for areas locat-
ed far apart is higher than a t-value obtained in the compari-
son of tree-ring chronologies for forest stands located close to-
gether. Thus, for example, when the absolute chronology for the 
13th century building remains uncovered in Cēsis (Latvia) was 
compared with the absolute chronology for Vilnius Castle (by 
Rūtilė Pukienė), a t-value of 11.2 was obtained. The distance in a 

straight line between the two cities is approximately 300 km, and 
timber cannot be floated from the area of one city to the other. 
At the same time, comparison of chronologies for forest stands 
growing within the area of present-day Latvia and separated by 
much smaller distances has generally not given values higher 
than 8.0. This shows once again that the numerical results must 
be interpreted very cautiously (Fig. 1). In such cases, when the 
material available for comparison is not yet very extensive, it is 
sometimes possible to establish that timber was being supplied 
from some distance away, and sometimes even determine the 
source area, by applying direct or indirect written or artefactu-
al evidence. Discussed in more detail below are some lines of ev-
idence of this kind, which have previously been used by the au-
thor, or which it will hopefully be possible to use in the future in 
collaboration with colleagues, in order to resolve questions re-
lating to the long-distance transport of historical timbers. This 
discussion is mainly devoted to certain kinds of evidence that 
have not yet been adequately studied and thus cannot be regard-
ed as very reliable. Such evidence is considered here because, in 
the author’s conviction, when interpreting dendrochronological 
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Fig. 1

Mapping of t-values from the comparison between the tree-ring series of 

structural elements of pine from the tower of the Riga Dom with chrono-

logies for various geographic areas around Latvia; the t-values encircled 

refer to historical pine chronologies whose location within this area is not 

yet precisely known.
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results or results obtained in any other kind of research, even 
less definite “scraps” of information obtained from a variety of 
sources, if they reinforce each other, can together provide signif-
icantly more reliable additional information, which can prove 
significant for interpreting the data. At the same time, by means 
of successful dendro-dating of timbers exhibiting one of the fea-
tures whose meaning is currently not altogether clear, a better 
understanding of its significance will be obtained, so that it can 
henceforth serve as more reliable evidence.

Evidence for rafting or floating of timber

The kinds of evidence discussed below have been utilised, or 
at least some attempt has been made to utilise them, in order 
to further the interpretation of the results obtained in dendro- 
dating historical timber structures and portable objects found in 
Old Riga or elsewhere in the area of present-day Latvia.

a) One characteristic already being considered as indirect 
supplementary evidence that timber floated from afar was be-
ing used in historical timber structures in Old Riga is the great 
thickness of the structural elements made of them. Thus, for 
example, the 17th century timber revetments along the River 
Daugava included certain timbers as much as 80 cm in diam-
eter. So, what is the basis for the view that these timbers were 
cut outside of the area of present-day Latvia?

It needs to be explained that Riga is located in the sandy 
Coastal Lowlands. The soils in this area have formed mainly 
from deposits of previous stages of the Baltic Sea: the sands of 
the Baltic Ice Lake and the Littorina Sea. For this reason, for-
ests of Scots pine predominate in the environs of Riga. The an-
nual radial increment of trees growing on very sandy soils is 
quite small, so they do not attain a large diameter at all or reach 
it only after a long period of time. Since in ancient times it was 
very difficult, or even impossible, to supply large-diameter tim-
bers by road over long distances, transport from inland areas 
to centres such as Riga was accomplished mainly by floating 
down rivers that were suitable for this purpose. However, writ-
ten historical sources indicate that, as a result of intensive ex-
ploitation, the best forest in the environs of the Daugava and its 
tributaries had already been destroyed by the 16th and 17th cen-
turies. Thus, since we know that at this time timber was al-
ready being supplied to Riga from Belarus and Ukraine, there 
is reason to believe that at least in the 16th–18th centuries large- 
diameter structural timbers were most probably being supplied 
from these areas, while smaller diameter building timbers, and 
perhaps also fuelwood, could have been supplied from forest 
that was closer to Riga but inferior in quality.

b) In the course of dendro-dating of historical timber struc-
tures from the 15th–18th centuries discovered in the historical cen-
tre of Riga and some other towns in Latvia, a significant prevail-
ing tendency has been observed. The series of ring-width indices 
for structural timbers of pine from timber floated from afar, 
mainly from present-day Belarus, Ukraine and western Russia, 
generally exhibit greater similarity than series of approximate-
ly the same length obtained for pine apparently cut in areas clo-
ser to Riga. Future research will show how objective the obser-
vations made so far actually are, and whether we can generalise 
from them, but a logical explanation can be proposed already. 
The area of present-day Latvia has a predominantly maritime 
climate but, for example, in the Upper Daugava Basin the cli-
mate is considerably more continental. It has been established 
in the course of dendro-climatological study that under the en-
vironmental conditions prevailing in Latvia the annual radi-
al increment of Scots pine during a particular growing season 
is most significantly affected by the air temperature during the 
final months of the preceding winter and the first months of 
spring. It is thought that in the same latitudes, but further to the 
east, i.e. further from the Baltic Sea, this same climatic factor 
likewise had the most significant effect on the radial increment 
of Scots pine during approximately the same season of the year. 
Since areas with a more continental climate generally experi-
ence lower temperatures in the winter and early spring months 
than maritime regions, it is concluded that the influence on the 
radial growth of pine in the area of the Upper Daugava Basin 
should have been more significant during this period than in 
the coastal areas, i.e. in the basin of the lower course of the ri-
ver. This could be the explanation for the above-mentioned dif-
ferences in t-values observed when the series of ring-width in-
dices for timber floated from afar and timber probably of local 
origin are individually compared.

Of course, it has to be considered that t-values indicating 
the degree of similarity of series of ring-width indices of tim-
bers floated from distant areas can in many cases be higher also 
because these timbers were obtained from relatively older trees, 
which accordingly provide longer series.

c) The most direct evidence confirming that timbers were 
supplied to the town of Riga from some distance by rafting is the 
frequent presence among timbers uncovered archaeologically of 
logs or sections of logs with holes cut into the ends for the pur-
pose of tying them together into rafts (Fig. 2). So far, these have 
been found in various 13th–18th-century structures. Such timbers 
with characteristic holes were first discovered archaeological-
ly in the Russian town of Novgorod and subsequently in Pskov, 
and in recent years they have been found at several locations in 
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Old Riga and at a couple of other population centres located on 
the Daugava not far from Riga (Caune, 2007a).

Three forms of holes have been observed on these timbers: 
triangular, semi-circular and trapezoidal. The well-known 
Latvian archaeologist and historian Andris Caune observed 
from his own excavation work in Old Riga that triangular 
holes had been cut in timbers during the whole of the above- 
mentioned period: from the 13th up to the 18th century. The sem-
icircular form of hole has been found on structural timbers of 
buildings dating from the 13th-14th up to the 15th (16th?) centu-
ry. The trapezoidal form has so far been identified in only one 
structure, which dates from the 17th–18th century. The hypothesis 
that semi-circular and trapezoidal holes really were made dur-
ing a relatively shorter interval than triangular holes, and can 
therefore provide a very approximate indication of the period 
when holes of these particular forms were being made and when 
they ceased to be made, cannot be confirmed at present because 
the information is too limited. Caune cites an opinion that the 
different forms of holes in the logs may reflect differences in the 

traditions of tying rafts in various parts of the Daugava Basin or 
even in neighbouring river basins. In that case, the form of the 
holes made for the purpose of tying rafts could provide some in-
sight into the area of origin of the timber.

Applying ideas developed from studying the methods of ty-
ing rafts in Latvia in the 19th and 20th centuries, he has recon-
structed the ways in which the three different forms of holes 
could have been utilised (Fig. 3). It is thought that the trian-
gular and semi-circular holes were cut so that withies could be 
passed through them, tightly fixing a transverse beam to the 
ends of the logs. The trapezoidal holes were most probably in-
tended so that a beam connecting the ends of the logs could be 
passed through each log. So far, holes of this form have been 
found only in Riga and Novgorod (Caune, 2007a).

It has been suggested that the methods of tying rafts by 
means of holes cut in the ends of the logs developed in an area 
that partly covers both the Dnieper and Daugava Basins. This 
idea is seemingly confirmed by the old names for the compo-
nents of rafts used in the Daugava Basin, which have a Slavic, 
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Fig. 2

Log ends with a hole for tying them together into rafts, discovered during 

archaeological supervision work in the area of the former Rīdzene river-

bed in Old Riga. © M. Zunde, Institute of Latvian History
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i.e. mostly Russian and Belarusian, root. Here it should be em-
phasised once again that in other parts of Latvia lying far from 
the River Daugava, logs with such raft-tying holes have not been 
found at all. In the western part of Latvia, at the beginning of 
the 20th century, raft logs were thus joined together in pairs using 
withies. Later the withies were replaced by metal wire.

As is known, a variety of methods of tying rafts was also em-
ployed in Western European countries. At one of the first inter-
national meetings devoted to dendro-provenancing1, Thomas 
Eißing, University of Bamberg (Germany), presented informa-
tion about almost ten methods of tying rafts, which differ from 
those described above. He emphasised that a particular method 
of tying rafts was often restricted to a particular river basin, but 
could change over time. This means that artefactual evidence 
indicating the use of a particular method of tying rafts could in 

some cases approximately indicate the time when the rafts were 
tied, and in some cases also indicate the approximate region.

In this connection, an interesting observation has been made 
at the historical salt mines in Hallstatt (Austria) located about 
900 m a.s.l. A reconstructed log structure exhibited there incor-
porates a log with a typical hole of the kind described above as be-
ing utilised in tying rafts in the Daugava and Dnieper Basins and 
some rivers in western Russia (Fig. 4). In this case the question of 
whether the timbers for a building constructed at approximate-
ly 900 m a.s.l. really could have been supplied by raft is only of 
secondary importance. More significant, it seems, is the fact itself 
that a log with the end prepared in this way was used in Austria. 
It may be noted that logs prepared in this way were found in the 
ancient salt mine in the mountains at Hallstatt, and the ends of 
the logs can now be seen in a museum in Vienna (Dixon, 2007). 
Were the logs prepared in this way for rafting, and were they 
floated along the Raun River and through the Lake of Hallstatt, 
which is almost 6 km long? In his presentation (which admit-
tedly was mainly about Germany), Thomas Eißing did not men-
tion raft logs with holes. Michael Grabner, University of Natural 
Resources and Applied Life Sciences Vienna (Austria), has ex-
plained that a former practice was to make two separate reces-
ses not joined together, in each side of the end of the log. These 
served as an aid for dragging the log. It seems more likely that 
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Fig. 3

Techniques of tying rafts in the Dnieper and Daugava Basins: a) logs tied 

to a beam by means of withies; b) logs with a beam fitted through them 

(reconstruction after Caune, 2007a).

1. Dendro-Provenancing. First international meeting on historic timber 

trade and dendrochronology, Moletai (Lithuania), workshop organised 

by the Fachbereich Biologie Zentrum Holzwirtschaft of the University 

of Hamburg (Germany) and the Group of Dendro-climatology and 

Radiometrics – Environment Research Centre – of the Vytautas Magnus 

University of Kaunas (Lithuania), sponsored by Edmund-Siemers-Stiftung, 

Hamburg, 1–4 September 2005.
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the holes in the ends of the logs discovered in the salt mines at 
Hallstatt were likewise used for tying and dragging the logs. The 
information about logs prepared in a similar way in Austria sug-
gests that holes cut into raft logs transported from the Dnieper 
Basin to the Daugava Basin were also convenient for hauling the 
logs over the snow in winter from a tributary of the Dnieper to 
a tributary of the Daugava. This is one of the examples indicat-
ing that the method of tying rafts, if the place and time of use of 
the method is known, can provide interesting and valuable ad-
ditional information for the study and dating of timber used in 
historical wooden structures.

Other features

a) Another feature that can sometimes give additional informa-
tion about the time when a wooden object was made, and pre-
sumably also the general area where it was made, is a mark cut 
into the wood, which can have a variety of meanings. The au-
thor was prompted to examine this issue by a query from David 
Houbrechts as to whether the oak barrels with marks cut into 
the base, discovered archaeologically in Belgium, could have 
come from the Baltic (Houbrechts and Pieters, 1999). It was sug-
gested that the form of the marks might provide an indication.

Over the course of time it has been established that simi-
lar marks were formerly in use in a number of European coun-
tries. These include property marks, merchants’ marks, goods 
marks and craftsmen’s marks. Nowadays there is already a very 
wide range of academic publications on this subject. Based on 
the published illustrations of such marks, we can see that some 
of the marks used in the 13th–14th century, found for example in 
Belgium, Germany, Latvia and Russia are very similar or even 
identical (Fig. 5) (Rybina, 1978; Caune, 1998; Houbrechts and 
Pieters, 1999; Falk, 2002; Caune, 2007c). The similarity of these 
marks and their wide area of distribution can partly be ex-
plained in terms of their simplicity: the most primitive marks 
consist of straight lines cut with a knife or of figures consist-
ing of some lines that intersect or join at the ends. It is high-
ly probable that very simple patterns of lines, such as a cross 
with a diagonal line through it, could have arisen independent-
ly at various times and places. However, the similarity of such 
marks can generally be explained by the idea that the marks, 
like the runic script that originated among the Germanic peo-
ples (and from which several of the described marks were actu-
ally inherited), referred to a particular object, symbol or letter, 
with the same meaning across a large area. It is concluded that 
the presence of similar or even identical marks of a simple kind 
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Fig. 4

Log with a hole in the end, as part 

of a reconstructed wooden build-

ing, not far from the entrance to 

the ancient salt mines at Hallstatt 

(Austria). © M. Zunde, Institute of 

Latvian History
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on objects cannot be regarded as an indication that these arte-
facts had the same origin.

As regards property marks, it is important to consider the an-
cient family tradition whereby the father’s property mark was 
always inherited by the eldest son, while each of the younger 
sons would augment the property mark with one or more new 
lines or other additional elements (Fig. 6) (Bı̄lenšteins, 2001). 
Thus it is doubtful whether the duration of use of a relatively 
simple property mark can be determined on the basis of its form 
since, being inherited during several generations, it could remain 
in use later than a more complex mark that had been derived 
from it at an earlier date. It is significant that the more complex 
property marks represent later developments than the relatively 

simpler marks of the same family, which provided the basis for 
the more complex marks. Moreover, with time, as family prop-
erty marks gradually developed and obtained ever more com-
plex forms, they became increasingly distinctive and this may 
in some cases provide a possibility for specialists to link them to 
a specific family line (Fig. 7) (Falk, 2002; Ritums et al., 2002).

We may ask whether the ancient traders’ marks, craftsmen’s 
marks and marks on goods were inherited and developed in a 
similar way down the family line. It is these kinds of marks that 
presumably are most commonly to be found on the wooden ar-
tefacts transported over long distances and exported in the past. 
In an encyclopaedia on signs and symbols, Foley notes that the 
ancient traders’ marks were used by traders in almost the whole 
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Fig. 5

Selection of carved marks.

A  Marks on oak barrels discovered in Oostende (Belgium), ca 

  14th century (after Houbrechts and Pieters, 1999).

B  Ownership marks on pine bark net floats from Riga (Latvia), 13th–

  14th century (after Caune, 2007c).

C  Medieval ownership marks on the lids of oak barrels found in Lübeck 

  (Germany) (after Falk, 2002).

D  14th–15th century marks on wooden objects, mainly oak barrels, found 

  at Novgorod (Russia) (after Caune, 1998).
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Fig. 6

Development of a family ownership mark as it was inherited down the 

family line (after Bielenstein, 2001).

A  The father's ownership mark, inherited unchanged by the eldest son.

B  The same ownership mark, inherited by the two younger sons, who 

  have each added a new, original element.

Fig. 7

Complex and evidently quite late marks on the bottoms of oak barrels.

A  Bottoms of oak barrels with carved marks, discovered in Lübeck, 

  Germany (after Falk, 2002).

B  Bottoms of oak barrels with carved marks, discovered in Ventspils, 

  Latvia (after Ritums et al., 2002).
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of Europe from the late 13th up to the late 16th century, when 
they went out of use (Foley, 1993). In his book on the English 
merchants, Girling emphasises that, for example in the Lower 
Rhineland (Germany) and in the Baltic region, these developed 
from the runic alphabet and have become more complex over 
time (Girling, 1964). This means, as is clear from published illus-
trations of such marks, that at least the simplest property marks 
are in many cases difficult or even impossible to distinguish from 
merchants’ marks. Presumably, among these there may also be 
some craftsmen’s marks left by the maker of the artefact.

Thus the question of the significance of the ancient signs that 
archaeologists nowadays discover on the bottoms and lids of old 
oak barrels is by no means simple. The assembled barrels could 
have been used, and indeed are sometimes recovered, in the 
same area where they were made, but in the majority of cases 
they were transported along with the goods contained in them 
to the place where the goods were consumed, either in that same 
country or a different country. It transpires that, without com-
prehensive examination, systematisation and typological study 
of the ancient property, merchants’ and craftsmen’s marks, it is 
not yet possible to obtain additional information about the time 
and place where old barrels, for example, were manufactured.

Much more definite information can be obtained from marks 
left on wooden artefacts in later centuries, wherever such marks 
are preserved. These include quality marks on goods left by the 
grader on goods suitable for export. It is thought that timber 
grading was undertaken in Riga from at least the 15th century, 
when large quantities of oak planks called wainscots, building 
timbers and stave timbers were already being exported. Thus, 
for example, at least in the 17th–18th century, once the Riga mast 
graders had measured and graded mast timbers, they were 
marked with the town seal (Šı̄rants, 1973). After assessing the 
quality of a consignment of wood ash, the grader would mark 
the grade of ash on the barrel, subsequently branded with a spe-
cial branding iron (Stempel-Eisen in German). It is known that, 
for example in the early 18th century, the grade of ash export-
ed from Riga was marked on oak barrels with a branded mark 
showing either one or two keys. Unfortunately, it seems there is 
no precise information in Latvia about discoveries in Western 
Europe of preserved quality marks on goods that may have been 
exported from the east.

b) It is well known that in every country a historical period 
is to some degree characterised by the constructional types of 
historical buildings and the methods of working the structural 
timbers. Whatever the constructional type of the building, suit-
able building materials would have been supplied from an area 
where they were readily available and from where they could 

be easily transported to the place of use. More important to the 
dendrochronologist is information that links a constructional 
type or a method of preparing structural elements to a partic-
ular period of time. Also important are indications that these 
factors significantly influence the possibility of precise dendro-
chronological dating of the structural timbers.

The oldest wooden structures in Latvia with timbers pre-
served in favourable conditions sufficiently well for dendro- 
dating are log houses of round logs joined at the corners with 
a saddle joint, where the ends of the log project outwards. 
Structures of horizontal logs are known in Latvia from the Iron 
Age onwards (Kundziņš, 1943). Initially log houses were made of 
whole round logs, but from the 6th–8th century round logs with 
a longitudinal groove began to be used in Latvia (Cimermanis, 
1969). In the period up to about the mid-13th century the groove 
was cut along the upper side of the log, but from this time on-
wards it was cut in the lower side of the log (Caune, 2007b). 
Logs with no groove also continued to be used, mainly for out-
buildings. Albeit very rarely, another kind of corner joint for 
buildings is also known in Latvia from the 8th century, name-
ly the “yoke corner joint” (Apals, 1996). Structures built in this 
way had the end of each wall of horizontal logs supported on ei-
ther side with a post driven into the ground. The oldest remains 
of houses built in post-and-lintel construction in Latvia date 
from the 10th century (Cimermanis, 1969). These became more 
widespread in the first half of the 13th century along with the mi-
gration of Germans into the newly-established towns in Latvia. 
Here the post-and-lintel houses existed simultaneously with log 
houses built by the indigenous population. Also Latvia’s first 
buildings incorporating elements of half-timbering were built 
in Riga in the late 13th century.

As the remains of such buildings, still being uncovered at 
the present day, are absolutely dated by dendrochronology, in-
formation about the period of existence of particular building 
types is gradually being augmented. But, as already mentioned, 
the dating of the timbers of these buildings is influenced by the 
method of shaping and it seems that this may also have influ-
enced the distance from which the timber was supplied. The 
building tradition in Latvia utilising round logs provides an ex-
ample of this.

Since the distant past, in eastern and central Latvia log hou-
ses of whole, round logs predominated while in western Latvia 
log houses of hewn logs prevailed. A difference in the tools of the 
builder’s trade is given as one of the reasons for this difference: 
the people of eastern Latvia, like the Slavic peoples, mainly used 
the narrow-bladed axe while in the western part of the country, 
as in part of present-day Lithuania, they used the broad-bladed 
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axe with which logs can more easily be hewn (Cimermanis, 
1969). The width of the axe-blade is sometimes evident from 
preserved axe-marks on historical timber. Thus, on the timbers 
of historical structures in western Latvia, the outer part of the 
log, along with the outer ring so important for precise dendro-
dating, has in many cases been at least partly removed, making 
it more difficult to date the logs precisely or even impossible if 
the wood containing the outer rings is not sufficiently well pre-
served on the only side of the log that has not been hewn, name-
ly the upper side. By the early 19th century log structures made 
of whole round logs, and thus precisely and easily datable, pre-
dominated only in the very eastern part of Latvia.

How may these differences in the way timbers were prepared 
have influenced the distance of timber supply? If we look at the 
original 18th–19th century log houses that are nowadays on dis-
play at the Ethnographic Open-Air Museum of Latvia, we can 

see that the logs selected for structures with walls of hewn logs 
originally varied significantly in diameter (Fig 8a). By hewing 
the sides of the thicker logs more than the thinner ones, a wall of 
uniform thickness was obtained. It is also possible that timbers 
with minor defects, removable in the course of hewing, could 
also be used in the walls. Thus we may conclude that when 
building with hewn logs, it was not necessary to be as careful in 
selecting building timbers as when a log house was to be built 
from unhewn logs. In order to ensure that the walls were more 
or less uniform in thickness, thus avoiding moisture accumula-
tion on projecting logs, and in order to reduce the negative ef-
fect of the marked checking of round logs on the strength and 
warmth retention of the structure, it was necessary to select tim-
bers that were thicker (with a larger quantity of heartwood) and 
straighter (Fig. 8b). Thus there is a greater probability that tim-
bers of this quality had to be sought in a relatively larger area 
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Fig. 8

Comparison of the log diameter in log-buildings built with a saddle joint (walls of ethnographic buildings). © M. Zunde, Institute of Latvian History

A  Logs hewn on both sides.                            B  Unhewn logs.
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or else supplied from a forest that had been utilised less inten-
sively, i.e. from a greater distance.

Concluding remarks

The above-described list of different kinds of evidence and fea-
tures that might be used, at least in part, or may prove useful 
in the future for interpreting the results of dendrochronological 
studies – for example, in determining the source area of timber – 
is not exhaustive, of course. In general, the evidence obtainable 
from various written historical sources and artefacts recovered 
from the cultural layer, along with other finds, is considerably 
more precise and thus more significant. However, in cases where 
this evidence is insufficient, the information that has gradual-
ly been accumulated concerning the above-described kinds of 
evidence and features can turn out to be very important in spe-
cific situations, as can the study of other aspects such as pe-
riods of use of the axe and the saw as the main woodworking 
tool, folk beliefs regarding the time when trees should be felled, 
etc. However, in order to collect, refine, study and compile such 
information, close collaboration is essential between dendro-
chronologists, historians and archaeologists.
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V. L. (eds), Archaeological Research in Novgorod, Moskva, 
p. 197–226 (in Russian).
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Timber transport and
dendro-provenancing in
Thuringia and Bavaria

Summary

In dendrochronology, knowledge about the origin of timber and 
the provenance of wood samples is of great interest. The prove-
nance attribution allows the reconstruction of forest use in the 
past and the establishment of regional or local chronologies 
which improve the dating success and dating reliability of wood 
samples from a certain region. The establishment of local chrono-
logies is not difficult, if logging took place in the surrounding area 
within a circumscribed circle of not more than around 20 km. If 
logging, however, took place far from the building site and tim-
ber from different provenances was used, wood grown under dif-
ferent conditions is present among the samples. In consequence, 
tree-ring series with different courses and signals are obtained 
reflecting the specific growth conditions of different provenances.

Historical sources about trade lanes in former times give 
only a general impression about the amount of historical timber 
transport. Sometimes archaeological evidence of timber trans-
port can be found while sampling, e.g. signs and relicts on the 
beams. Another approach is to assign the samples to a spe-
cific provenance by using the characteristic properties of tree-
ring series.

In the following contribution, a short overview is given about 
the knowledge of timber transport in Thuringia and Bavaria, 
some examples of relicts of timber rafting are described and a 
new methodological approach for the establishment of regional 
and local chronologies is introduced.

Timber Transport

Timber transport is associated with the growth of towns and 
shipbuilding places near the coast. This simple statement is 

Thomas Eißing and Christoph Dittmar
Institute of Archaeology, Building Research and Preservation of Historical Monuments, University of Bamberg, Bamberg, Germany

Key words  timber transport / rafting / dendro-provenancing / dendro-ecology

valid since ancient times. The great civilisations – Egyptian, 
Persian, Greek or Roman – used timber imports for building 
and shipbuilding purposes. The oldest proof of timber transport 
is recorded on a relief of a Persian palace in Khorsabad from the 
8th century BC (Fig. 1a). Lebanon cedar and cypress trees were 
used for Phoenician and Egyptian ships as well as for beams 
for Persian and Jewish palaces and the temple of King David 
(Meiggs, 1982, p. 68). A remarkable detail of the relief from 
Khorsabad is that the logs were obviously cut to similar length 
and stored on ships or were drawn by galleys. The logs show 
typical holes at one end for ropes which were tied through the 
holes to attach the logs on the ships. These holes may be found 
in beams of an ancient palace and can be recognised as typical 
relicts of timber transport.

Sea transport of timber was usually organised by ship. There 
is only rare evidence for rafts across the Mediterranean Sea. It is 
probable that the transport of the Egyptian obelisk in the time 
of Emperor Augustus was only possible using a special raft with 
a load-carrying capacity of about 200 tons.1 Sea or lake cross-
ing rafts were floated for example on the Bavarian Ammerlake 
up to the 19th century (Filser, 1991, p. 21). The raft was built with 
hundreds of tied logs and driven by sail or drawn by rowboats.

It is not known when rafting and timber transport first be-
gan north of the Alps. Rafts were used before the Roman con-
quest, especially for transport of people and commercial goods, 
but less for timber trading. It seems that timber transport was a 
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1. In the Vatican Museum, Galleria Delle Carte Geografiche, in Rome, a 

wall painting shows raft with an obelisk tied with rops.
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common phenomenon during the Roman period during the 1st–
5th centuries AD. The oldest evidence of rafted beams is dated to 
the Roman period and was found in Strasbourg (Ellmers, 1972; 
Fig. 1b). It is remarkable that beams, but no logs, were tied to-
gether with a pole inserted through holes or mortised grooves. 
After the Roman period, during the period of human migration, 
commercial timber transport on the Rhine and Danube Rivers 
stopped. We do not exactly know at what time timber transport 
appeared again, but the earliest relicts of rafting are recorded on 
beams in the towers of the Bamberg cathedral and in a patrician 

house in Erfurt in the late 12th century (Eißing, 2007). Written 
sources and pictures from the 12th to the 19th century provide a 
comprehensive survey of rafting. Rafting was a common phe-
nomenon on the rivers Rhine, Danube, Elbe, Weser and their 
tributaries (Keweloh, 1988). The map drawn by Ebner in 1912 
obviously shows this (Fig. 2). Generally, we can assume that 50-
80% of the timber needed for building purposes in the towns lo-
cated at rivers was carried by rafts. The last period of rafting took 
place in the early 20th century. In the following decades, rafting 
disappeared, replaced by railway and motorised ship transport.

THOMAS EISSING / CHRISTOPH DITTMAR

Fig. 1

Tying techniques.

A  Logs drawn by galleys, Khorsabad 8th BC (Klengel, 1967, p. 70).

B  Roman raft, Strasbourg (Ellmers,1985, p. 19).

C  Pole tied raft on the Loisach, early 20th century AD (Filser, 1991, p. 9).
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Fig. 2

Rafting on German rivers (Ebner, 1912).
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Rafting relicts

Rafting relicts can be recorded in old frame and roof construc-
tions. A raft-plate was built with 10 to 20 single logs. Several 
raft-plates could be connected to a bigger raft with hundreds 
of logs. The colossal Rhine rafts were assembled with a thou-
sand or more single logs. Their maximum length was about 
400 m and a few hundred raft-men were needed to steer the 
raft. Special raft-types were assembled only with semi-finished 
products like beams or boards. The tying technique is quite dif-
ferent. Some tying techniques were only used in a specific re-
gion or a specific time span, and others were used commonly.

The oldest tying technique was used during the Roman peri-
od. The stems or beams were connected with poles, which were 
put through holes or mortises. A similarly built raft from the 
9th century was found on an island near the coast of the North 
Sea (Ellmers, 1985). In Bavaria, pole-tied rafts were floated on 
the river Loisach up to the 20th century (Filser, 1991, p. 9).

Other tying techniques used ropes to connect the logs, beams 
or boards. The ropes were made of slim softwood rods and called 
“Wieden” (Fig. 3d). The ropes were put through holes, mor-
tises or fixed in notches. Rope-connected rafts were common in 
Thuringia on the river Saale but also on the rivers Murg and 
Neckar in the region of the Black Forest (Bock and Rosenkranz, 
1968; Fig. 3a and 3b). On the Murg and the Neckar, special 
rafts were built only with beams or sawn boards (Scheifele and 
Braun, 1996, p. 68 and 189). Written sources, historical paint-
ings and photos show that sawn board rafts were floated on the 
rivers Werra, Main and Viechtach (Fig. 3c).

The most common tying technique combined ropes and 
wooden nails. We can distinguish between different types with 
one or two nails (Fig. 4a and 4b). The nail sections were rec-
tangular or round. Relicts of this tying technique are record-
ed on beams which were floated on the rivers Weisse Elster in 
Thuringia, Main, Isar and Danube in Bavaria and on the Rhine 
and its tributaries (Eißing, 2009, p. 28).

Other relicts of tying techniques are still not well reconstruct-
ed. Wedge-like nails made of beech were found on beams in 
buildings near the Main, Lech and Isar. We do not know their 
function or how they connected the logs.

In the final decades of the 19th and the early 20th century, iron 
rings and nails became a common tool for connecting the logs. 
In general, the iron nails and rings were displaced before erect-
ing the frame.

Consequently, rafting was common all over Germany and 
rafting traces and relicts were found from the south to the 
coast. In some regions, especially in towns near the rivers Rhine, 

Danube, Main or Elbe, rafted timber dominates over timber 
from local cut trees.

Methodological approach
for the establishment of local chronologies

The Thuringia basin is the central part of Thuringia and would 
be naturally covered with a beech or a beech-oak forest. The 
town Mühlhausen is located at the river Unstrut in the north-
west of the Thuringia basin. If the timber for building purposes 
was cut in the directly surrounding area of Mühlausen we would 
expect that oak would be used for all frame works and roof 
constructions. Eight church roofs were built from 1300–1400 in 
Mühlhausen. All roof constructions, however, are of fir. Oak was 
only used for some special beams. The fir beams show relicts 
of rafting and the first questions arise about the provenance of 
fir timber. The next remarkable point is the fact that the rafts 
would have been drawn up the river against the flow direction 
of the current. The map in Figure 5 shows Thuringia and the 
distribution of the timber species. About 8,000 samples were 
investigated and dendrochronologically dated. On the map, the 
samples were pooled for different towns and the diameter of 
the dots represents the number of investigated samples. Three 
parts can be distinguished. In central Thuringia fir and spruce 
dominates the building timber. Oak, although with a natural-
ly high occurrence in this region, surprisingly represents less 
than 5–10% of timber used. Spruce dominate the building tim-
ber contingents in the northern mountain region of the Harz. 
Oak only became dominant in southwest Thuringia in contact 
with the Bavarian Rhön and north of Mühlhausen in the re-
gion called “Eichsfeld”. The mountain region of the Thüringer 
Wald is the northern border of the natural extension of fir (Aas, 
2004), the Harz region the northern natural extension of spruce 
in northern Germany. The map shows the different areas of tim-
ber utilisation. All fir and spruce timber used in the towns in 
central Thuringia was transported in rafts from the mountain 
region of the Thüringer Wald. Four rivers connect the mountain 
area with the centre of Thuringia: the Gera, Saale, Weiße Elster 
and Pleiße. The river Werra is located on the opposite side of the 
watershed and flows to the North Sea. Because timber transport 
was mostly done by rafts, the historical logging areas were close 
to these rivers. If a local chronology should represent forest 
stands of only a few square kilometres, it is necessary to choose 
the core and tree-ring series only from buildings from this area. 
In Figure 5, these areas are marked by dark green ovals and 
the chronologies are indicated by the name of the river (Werra, 
Gera, Saale chronology). Regional chronologies in the centre of 
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Thuringia (Halle or Mühlhausen) established with series from 
rafted timber are marked by blue ovals.

The rafted fir timber in Mühlhausen could only be cut in the 
forest on the lee side of the Thüringer Wald and floated over the 
rivers Gera or Saale. The fir forest near the Werra on the other 

windward side of the watershed is not reachable for exploita-
tion of wood and timber transport to Mühlhausen. A simple t-
value calculation yields evidence concerning the origin of the fir 
timber of Mühlhausen. The best match, with a t-value of 16.9, 
is obtained with the Gera chronology, the t-value with the Saale 
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Fig. 3

Tying techniques with Wieden.

A  Thuringa, Saale (Bock and 

  Rosenkranz, 1968, p. 1).

B  Black Forest, Murg and Necka 

  (Scheifele and Braun, 1996, p. 187).

C  Board raft (Scheifele, 1988, p. 300).

D  Wieden (Scheifele and Braun,1996, 

  p. 173).

Fig. 4

Tying techniques with Wieden

and nails. © T. Eißing

A  One nail type.

B  Two nail types.
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chronology is about 12.5 and with the Werra chronology 10.0. 
The difference of accuracy is 30–40% less with the Saale chro-
nology and the Werra chronology compared to the Gera chro-
nology. In conclusion, the firs used in Mühhausen must have 
been cut in the area of the river Gera.

Another example for the determination of timber prove-
nance can be demonstrated at the small village of Hendungen 
in the Bavarian Rhön. Oak is the naturally growing species 
in this region and was commonly used for frameworks and 
roof constructions (Fig. 6). The frame work of the building 
Wirtsgasse 2 was made of oak, cut in winter 1566/67d. Only 
the mechanical swan boards in the wood cabinet were made 
from fir of the best timber quality with narrow rings. Because 

of the natural spread of timber species around Hendungen, 
it is obvious that the boards were imported. The next near-
est forests with fir stands were located in the region between 
Schmalkalden and Meiningen and west of the Bavarian side of 
the Thüringer Wald in the Frankenwald. Comparison of the fir 
tree-ring series with more than 100 rings with the Werra chro-
nology and the Franken chronology indicates that the best re-
sult with a t-value of 8.6 is obtained with the Werra chrono-
logy. The t-value with the Main chronology is only about 5.6. 
The most plausible assumption is that the boards were import-
ed from the Werra region. This interpretation finds further sup-
port by the fact that Hendungen was in the possession of the 
Earl of Henneberg in the 16th century (Faber, 2001, p. 176).2 The 
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Fig. 5

Distribution of timber species in Thuringia and Saxony-Anhalt. Areas for lo-

cal chronologies: dark green; rafted timber area: light grey.
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boards, and this is a new aspect, were transported about 20 km 
on wheels to Hendungen, because Hendungen has no direct 
contact to a river or stream for rafts.

Timber transport and
dendro-provenancing in Bavaria

In contrast to Thuringia, master chronologies for fir, spruce 
and oak have existed in Bavaria for several decades (Becker 
and Giertz-Siebenlist, 1970; Becker, 1991).3 The fir chronolo-
gy integrates different provenances of all of southern Germany. 
Although this chronology is an important tool for dating, it 
is not suitable for the determination of timber origin. Since 
2007, cooperation between the University of Applied Science in 
Weihenstephan and the University of Bamberg has aimed at re-
organising the dendrochronology in Bavaria to obtain a set of 
local chronologies for fir, spruce, pine and oak in Bavaria. After 
the end of the project in 2011, about 18,000 single series will have 
been measured and clustered in local chronologies.

The problem of rafted timber was mentioned above. The map 
in Figure 7 shows the rivers and streams used for rafting until 
the early 20th century. In the northern part of Bavaria, the river 
Main and its feeders were important trade lanes. The Main head-
waters region is located in the Fichtelgebirge and the river flows 
west into the Rhine. On the Main and Rhine, logs and boards were 
transported up to the Netherlands. The southern part of Bavaria 
is bordered by the river Danube. The flow direction is opposite 
to the Main: from west to east. Like the Rhine, the Danube was 
very important for timber trade and has many feeders, especial-
ly in the south. All southern feeders, like the Iller, Lech, Isar and 
Inn, have their source in the Alpine region. On these rivers, rafting 
was a common phenomenon documented since the beginning of 
the 13th century. The oldest beams with rafting relicts were record-
ed in the Freising cathedral and dated to 1223/24–1227 (Fig. 4b). 
The area between the Main and Danube is the only region of 
Bavaria with less rafting activity. This region is called Middle 
Franconia (Mittelfranken in German) and includes famous towns 
like Nuremberg and Rothenburg ob der Tauber. These towns have 
no direct connection to the river systems of the Main and Danube 
and therefore could not be the direct destination for rafted timber. 
Consequently, these towns supported cultivated forest and tried to 
ensure the sustainable use of timber by restrictive laws. Locations 
of logging and timber use are located close together and rafting 
has no influence on the establishment of local chronologies.
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Fig. 6

Hendungen, Wirtsgasse 2. Localisation of fir timber origin in Hendungen. 

Best match with Werra chronology (tBP = 8.6) in comparison to the Main 

chronology (tBP = 5.6). © T. Eißing

2. Henneberg lies near Meiningen at the west side of the Thüringer Wald.

3. Becker presented in 1991 a local spruce chronology for Franken (Becker, 

1991).
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Fig. 7

Hydrological system of Bavaria. © Filser, 1991, p. 13

Fig. 8

Schwaben region between the River Iller and Lech. Distribution of tim-

ber species.
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This is not the case in the Main region and the southern part 
of the Danube. Fir and spruce were cut in the Frankenwald and 
Fichtelgebirge and rafted westward on the Main. On the up-
per Main, only small rafts were assembled. Near Bamberg, these 
rafts were disassembled on the banks of the Main and the logs 
were tied to bigger raft-plates. In the middle Main region, oaks 
from the forest regions of Steigerwald and Spessart were stored 
on these rafts or the rafts were disassembled again and softwood 
and oak logs were tied together in combined raft plates. Oak 
stems were usually destined for shipyards in the Netherlands. 
The timber export to the Netherlands became an important part 
of the trade in the 17th and 18th centuries (Schenk, 1996, p. 242). In 
the upper and middle Main region, rafted softwood was used for 
building purposes in a 20 km wide corridor on both river sides 
from the 12th century. Hence, rafted and non-rafted timber were 
simultaneously used in this region. The timber species can give 
an initial determination of rafted or non-rafted origin, because 
pine and oak were normally cut in local forests. Boards made of 
softwood were often stored on rafts or special board rafts were 
assembled. In hundreds of sawmills in the Frankenwald, the 
sawing of boards was organised and boards were second im-
portant trade products (Kuff, 1985, p. 139). Local chronologies 
were built for spruce and fir with samples from buildings in 
the Frankenwald and Fichtelgebirge in combination with series 
from rafted timber of building sites downstream.

In southern Bavaria, the dendrochronological approach for 
the establishment of local chronologies is much more compli-
cated. Rafting was a common phenomenon too, but caused the 
mixture of timber from very different forest sites, from low 
elevation sites up to mountain sites more than 1,600 m a.s.l. 
The map in Figure 8 shows the region of the Bavarian Swabia 
(Schwaben in German) between the rivers Iller, Wertach and 
Lech. This region is coloured dark grey. The dots indicate the 
provenance of the investigated buildings accumulated for dif-
ferent towns and villages. Spruce dominates with 78% of the 
sampled contingents, fir reaches 17%, pine, oak and larch to-
gether amount to not more than 5% on the whole. Rafting is 
known from historical documents on the Lech from the late 13th 
century (Filser, 1989).

Timber rafts started in Reutte in Tyrol (Austria) and reached 
Schongau. Augsburg was the most important town in this re-
gion with extensive trade connections over the Alps to Venice. 
Additionally, Augsburg was the town with the highest timber 
consumption. Rafting on the Lech to Augsburg hit its peak 
around 1600. It is assumed that 7,000 rafts were floated to 
Augsburg per year. About 50% of the rafted timber was con-
sumed in Augsburg, the other 50% floated downstream to the 

Danube. Parts of the timber were sold in Regensburg, Passau, 
Vienna and Belgrade (Dreißler, 1927). The map in Figure 9 
presents the forest sites coloured light green. The regions of 
timber utilisation are indicated in dark green. The yellow and 
red triangles indicate rafting places and tax stations. The years 
printed in the map indicate the first time this region was men-
tioned in a historical document.

In the region around Schongau, timber utilisation seems 
to have been concentrated to local forests at elevations below 
800 m, whereas the more northerly regions were supplied with 
timber from southern mountain regions with elevations up to 
1,800 m. Consequently, different elevation origins and the mix-
ture of timber from different elevation origins by rafting dis-
tinctly complicate the dating of historical wood in Augsburg 
in comparison to Schongau. Samples taken from buildings 
in Schongau could be successfully dated 85% of the time. In 
Augsburg, dating success at 60% is significantly lower. We as-
sume that this is the consequence of a stronger mixture of tim-
ber from different origins characterised by divergent growth 
conditions.

Dendrochronological elevation model
for the establishment of regional and
elevation specific tree-ring chronologies

Recently and in historical times, Norway spruce was and is an 
often used timber species. In southern Germany, this tree spe-
cies grows under different climatic conditions, at lower eleva-
tion sites under warmer and dryer conditions as well as at high 
elevation sites, e.g. in the Northern Alps, under cold and wet 
conditions (Dittmar and Elling, 1999).

The diagram in Figure 10a illustrates two chronologies of 
Norway spruce trees growing under these different conditions 
in recent forest sites: the red chronology is established with 
tree-ring series from spruce growing at a low elevation site near 
Landsberg/Lech at around 500 m a.s.l. and the blue chrono-
logy from spruce at a high elevation site at around 1,700 m a.s.l. 
in the Bavarian Alps. In many years, both chronologies indicate 
common signals. In several years, however, signals are opposing; 
the series show disagreements (Gegenläufigkeiten in German). 

This is the case for example in some known dry and warm 
years which are responsible for good growth conditions at high, 
but worse growth conditions at low elevations sites. Two exam-
ples are the years 1934 and 2003.

These disagreements are the reasons why we intend to estab-
lish region – and altitude – specific chronologies in order to im-
prove and assure the dating of historical wood samples.
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To do so, around 500 spruce trees were sampled in southern 
Germany at different forest sites and at different elevations. The 
sampled elevations range from 200 to over 1,700 m a.s.l.

These data were used to select tree-ring parameters which 
are specific for Norway spruce tree-ring series from different 
altitudes. Both the mean tree-ring width and the mean sensi-
tivity are strongly related to the elevation of the growing site 
(Fig. 10b). With a non-linear regression model, it is possible 
to estimate the elevation of the growing site by use of the two 
dating- independent parameters: mean tree-ring width and 
mean sensitivity. The mean sensitivity is an expression of the 
degree of growth variations from year to year. The coefficient of 
determination (R2) of the model is 76%.

In the next step, the elevation model was used to separate all 
our historical spruce samples from buildings south of the river 
Danube into different elevation provenances. The used data set 
include over 5,000 single series. According to their mean sensi-
tivity and mean tree-ring width, around 840 series were allocat-
ed by the model to sites below 500 m a.s.l. and 450 series were 
allocated to sites above 1,200 m a.s.l.

After assessment of dating and synchronisation, the single 
series were detrended4 and summarised to elevation-specific 
chronologies. The curves in the lower part of Figure 11 show the 
comparison between the low and the high elevation site chro-
nology during the 15th century. Obvious are the differences in 
sensitivity: the low elevation site chronology has a high sensitiv-
ity and the high elevation site chronology a low sensitivity, i.e. a 
complacent course. In the upper part of the diagram, the results 
of signature disagreement calculations are illustrated. Signature 
disagreement (Gegenläufigkeit) means a different changing of 
two time series levels in relation to their previous levels, e.g. an 
increasing growth in relation the previous year of one chrono-
logy meets with a decreasing growth of the other chronology.

In this century, the two chronologies have a percent agree-
ment (Gleichläufigkeit in German) of 57%, but 43 years show a 
signature disagreement, indicated by empty markers.
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Fig. 9

Timber logging areas along the river Lech.

4. The age trend and the geometric trend of a single tree-ring series have 

been removed by a 5-year running mean.
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A 70% filter for the signature frequency of the single series 
within a chronology reduces the number of years with a signa-
ture disagreement (filled marker). This filter selects only those 

years of disagreement in which at least 70% of the single series 
within a chronology reacts in the same way. In 23 years, one of 
the two chronologies has a signature frequency of at least 70% 
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Fig. 10

Chronologies of Norway spruce at two forest sites in southern Bavaria.

A  Both chronologies are formed by 20 series from ten trees at each site. 

B  Non-linear regression model for the assignment of tree-ring series of 

  Norway spruce to different elevation provenances.

Fig. 11

Comparison between the spruce chronologies for high and low elevation 

sites in southern Germany (below). In the upper part the results of the dis-

agreement calculations are plotted.
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(grey filled markers), in 3 years both chronologies have differ-
ent signatures and a signature frequency of at least 70%. These 
years are indicated with black filled markers and indicate an es-
pecially strong signature disagreement.

This is the case for example in 1427: more than 70% of the 
single series within the high elevation site chronology have de-
creasing growth in relation to 1426 and more than 70% of the 
single series within the low elevation site chronology have in-
creasing growth in relation to 1426.

One of our upcoming investigations aims to interpret these 
disagreements by meteorological conditions in the specific years. 
Another question is whether these regional and elevation specif-
ic chronologies are suitable for regional climate reconstructions.

Conclusions

Timber transport on rafts and ships even over long distances 
is documented since ancient times. In Central Europe, timber 
transport was a common phenomenon during the Roman peri-
od from 1st–5th centuries AD. In later times, between the 12th and 
the 19th centuries, all river systems were used for extensive trans-
port of different timber species. It is assumed that a predomi-
nant amount of timber needed for building purposes in towns 
located at rivers was carried by rafts.

For the construction of rafts and the fixation of boles, stems 
and beams on the rafts, different techniques were used. Relicts 
are often recorded on old frames and roof constructions and 
thus document the former timber transport.

In Thuringia, different timber species within historical 
buildings point out various forest origins and various distan-
ces between logging and timber utilisation. The accessibility of 
building sites by rafts was determinant in the application and 
mixture of timber species.

In Bavaria, the Main in the north and the Danube in the 
south with their feeders were the main trade lanes for tim-
ber transport. An increasing use of forests in higher mountain-
ous regions in the south since the beginning of the 13th century 
caused an increasing mixture of timber from different prove-
nances, especially from high and low elevation sites. The par-
allel presence of wood grown under various climatic conditions 
impedes the dating of historical wood samples and requires the 
establishment of regional and elevation specific chronologies.

Recent tree-ring series from different forest origins in south-
ern Germany are analysed in order to establish a regression 
model which enables the assignment of historical wood sam-
ples to different elevation provenances. The model is used for 
the formation of regional and elevation specific chronologies.
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Timber supply in
Groningen (northeast Netherlands)
during the early modern period
(16th–17th centuries)

Summary

The aim of this study is to provide insights into the timber sup-
ply of the city of Groningen (northeast Netherlands) in the Early 
Modern period by means of dendrochronological and histori-
cal research.

An archaeological excavation undertaken along the former 
Damsterdiep Canal in the eastern part of the city provided an 
opportunity to archaeologically document the canal (revetment, 
its anchor supports and a lock) and other surrounding struc-
tures, including the eastern city gate (Nieuwe Steentilpoort) 
and the revetment of the moat around an adjacent neighbour-
hood, the Schuitenschuiverskwartier. The numerous wooden 
samples collected increase our knowledge of what was import-
ed, from where and in what amounts.

A total of 115 samples, predominantly oak, but also pine and 
spruce, were dendrochronologically investigated. The city ar-
chives were also searched in certain key years for information 
relating to timber import.

The researched timbers dated to the 16th and early 17th cen-
turies AD and mostly originated from the (nowadays) northwest 
of Germany and southern Norway. Wood from different prove-
nances was found mixed in the revetment of the canal and its 
anchor structures, implying that there was not a preference for 
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a specific provenance. Therefore, the price and quality of the 
wood must have been similar. The dimensions and shape of most 
of the timbers (either full logs or beams, or halves and quarters) 
indicate that they were transported to Groningen both as logs 
and beams and, once there, they were processed into the de-
sired shape.

The historical research revealed that the wood mar-
ket of Emden (northwest Germany) supplied Groningen with 
Westphalian and “Nordic” wood; Nordic wood and wood from 
the north of Germany also reached the city directly via the 
Reitdiep Canal, in the north of the city. The city also had its own 
forests to the south and its own organisation of timber traders.

Introduction

It is well known that local forests in the Low Countries were in-
tensively used and gradually depleted during the Middle Ages 
(Buis, 1985). Wood was not only used as construction materi-
al, but also for artefacts and as fuel for cooking and heating. In 
the Late Middle Ages, the remaining woodlands were managed 
in an attempt to maintain a sustainable resource for such uses 
and for other non-timber forest products (Beeckman, 2005). By 
the Early Modern period, construction timber had to be import-
ed from increasingly distant areas. As a result, in the 16th and 
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17th centuries, wood was one of the top five trade products in the 
Netherlands, together with grain, herring, salt and textiles (De 
Vries and Van der Woude, 1995).

A number of books and articles published in the final dec-
ades of the 20th century have compiled information about the 
timber trade in the Netherlands from a historical perspective 
(Buis, 1985; 1993; Van Prooije, 1990; 1992; Vink, 1993; De Vries, 
1994). From historical records we know that Amsterdam was 
the main import harbour for timber from north eastern Europe, 
whereas German timber floated down the Rhine was gathered 
in Dordrecht, from where it was redistributed to other towns in 
the country (Fig. 1). Some cities in the west of the Netherlands, 
such as Hoorn, Enkhuizen, Bergen op Zoom and Middelburg, 

also played an important role in the trading network, as well 
as the Hanseatic towns along the river IJssel (e.g. Deventer and 
Kampen) which linked Cologne with the North Sea.

More recently, dendrochronology has provided evidence of 
these trading relationships. Due to the fact that, in seasonal 
climates, trees record the environmental conditions prevailing 
where they grow in their annual growth rings (they produce 
wide rings in favourable years and narrow rings in unfavoura-
ble ones), it is often possible for dendrochronologists to match 
the tree-ring patterns of historical wood with master chrono-
logies from the areas where the timber originated (Haneca et al., 
2005; Daly, 2007; Eckstein and Wrobel, 2007). The dense net-
work of master chronologies currently available for Northern 
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Fig. 1

Map of the current Netherlands 

showing the location of Groningen 

and other cities mentioned in the 

text. Red lines: general wood trade 

routes into the northern part of the  

Low Countries.
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and Central Europe allows dendrochronologists to study the 
trade of wood in different periods. For example, Ważny (2005) 
described the trade of timber products from Gdańsk to Western 
Europe (mainly wainscots and barrel staves, rarely logs or 
beams), where they were used for buildings, ships, barrels, pie-
ces of art and furniture. In the Netherlands, Jansma et al. (2004) 
reported dendrochronological evidence for a shift in the import 
of high quality Baltic oak used for art and furniture to the use of 
German wood for the same purpose, occurring around the end 
of the Thirty-Years’ War (ca 1650). Furthermore, evidence of the 
import of softwoods from Scandinavia and southern Germany 
to the Netherlands since the 14th century has been provided by 
Sass-Klaassen (2000) and Sass-Klaassen et al. (2008).

Both sources of information, historical and dendrochrono-
logical, reveal the relevance of the import of timber to the 
Netherlands since the Late Middle Ages.

In Groningen, located in the northeast of the country (Fig. 1), 
the interest in historical timber trade has grown in recent years, 
prompted by the great number of timbers found at excava-
tions in the city-centre and surrounding area. Evidence of the 
wood trade in Groningen was already reported almost two dec-
ades ago. In the 1990s, archaeological and botanical studies of 
wooden artefacts found at archaeological excavations in the 
city yielded valuable information about craftsmanship, garden-
ing and trade from the 7th to the 18th century (Casparie, 1994; 
Helfrich et al., 1995). In addition, dendrochronological research 
on timbers from late medieval and 16th-century buildings and 

archaeological sites in the old town centre showed that the wood 
had been imported from the northwest of Lower Saxony (East 
Frisia) and Westphalia, in the northwest of current Germany 
(Jansma, 1995). In recent years, the subject of the wood trade 
in Groningen has been addressed in historical studies focusing 
on the Late Middle Ages (Van den Broek, 2007; Benders, 2011). 
These studies indicate that at that time, construction timber ar-
rived in Groningen from Drenthe, via the river Aa, from Lower 
Saxony, via Bremen and Hamburg, and from Westphalia, via 
the river Ems and the wood market of Emden. Furthermore, 
historical sources reveal that Groningen developed into a ma-
jor trading centre in the 13th century and established connec-
tions with the Hanseatic League that lasted until the 17th cen-
tury (Prins, 1994; Benders, 2009). As a consequence, timber 
from Scandinavia and the Baltic region also found its way into 
Groningen (Benders, 2011).

The purpose of this study is to verify and supplement the in-
formation about the timber supply in the city of Groningen during 
the 16th and 17th centuries from a dendrochronological and a histor-
ical perspective. To do so, we compare the information from his-
torical sources with recently acquired dendrochronological data 
from an archaeological excavation along the former Damsterdiep 
Canal, in the eastern part of the city (Fig. 2). The numerous tim-
bers found at this site offered an opportunity to document what 
was imported (species, shape of the timbers), their origin (prove-
nance of the wood) and relative quantities (possible preference for 
a specific provenance depending on quality, price, etc.).
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Fig. 2

Left: map of the city of Groningen 

ca 1643 by Egbert Haubois (the 

black square indicates the east-

ern part of the city where the ex-

cavation took place); right: close 

up of the excavated area. The 

Damsterdiep Canal is highlighted 

in blue, the eastern gate of the lock 

marked in red. Source: Municipality 

of Groningen/Groninger Archieven.
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Study site, Material and Methods

Groningen, the Damsterdiep Canal

and surrounding structures

Although continuously inhabited since the mid-Iron Age, it was 
only in the Early Middle Ages that farms and fields were per-
manently established at the site that would later be known as 
Groningen (Van der Werff and Kortekaas, 2004). The first doc-
uments referring to the city date from the 11th century. From 
that time onwards, the city expanded in several stages (Fig. 3). 

Strategically located, Groningen is bordered by the Aa ri-
ver on the west and the river Hunze on the east. To the north of 
the city, both rivers merge into the Reitdiep, which flows north-
wards to the North Sea. For centuries, the Reitdiep was the only 
natural waterway connecting Groningen with the North Sea. In 
order to have an additional link, the Damsterdiep Canal was 
dug east of the city in the 15th century, providing a connection 
with Dollart Bay (Fig. 4). The Damsterdiep was in use for four 
centuries, until a new canal (the Ems Canal) was dug parallel 
to the Damsterdiep in the 19th century to cope with the increas-
ing ship tonnage. The western part of the Damsterdiep (inside 
the city) was filled with earth in 1883 and 1953, and the new-
ly created surface was used for a bus-station and a parking lot.

In 2007–2008, works to build an underground parking ga-
rage were carried out in that area. A 300 m long trench was ex-
cavated along the former canal, revealing the following struc-
tures (Fig. 5):

-  the revetment piles of the western part of the Damsterdiep 
Canal, used to protect the brick quays (1);

-  anchor structures of the revetment (2);
-  the foundation of the Nieuwe Steentilpoort (the eastern city 

gate), built in 1620 (3);
-  the revetment of the moat of the Schuitenschuiverskwartier 

(“quarter of the watermen”), located near the intersection 
with the Damsterdiep and thought to be built around 1580 
and reinforced in 1583 and 1586 (4);

-  eastern gate of the lock linking the Damsterdiep with the 
Schuitendiep Canal (eastern city moat), thought to be the 
one built in 1573 by a Frisian master carpenter (Schroor, 
2000) (5) (Fig. 6).

Sample material

During the nine-month archaeological excavation nearly all 
the wooden objects found (mainly piles, beams, planks and 
tools) were systematically collected. Once cleaned, they were 
checked for traces of re-use and all items were drawn and/or 
photographed. Next, cross-sections were taken with a chain-
saw from a total of 115 timbers, originating from the context 
of the different structures or nearby surroundings. The wood 
species was determined and the number of rings roughly esti-
mated. The samples were wrapped in plastic to prevent them 
from drying and taken to the laboratory for dendrochrono-
logical research.
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Fig. 3

Chronology of the most relevant events related to the expansion of the 

city since the 11th century, with emphasis on the eastern part of the town 

where this research took place (after Kortekaas et al., 2008).

1400 AD 1500 AD 1700 AD

[11th century]
First moat dug 
around the city and 
rampart constructed

[13th century]
City brick walls 
raised on top of the 
rampart; second moat 
dug outside the first 
one

1424–1430: 
Damsterdiep Canal 
dug to the southeast 
of the city

After 1470: new wall 
raised outside the 
13th century one to 
the south of the city

1573:  lock built in 
the Damsterdiep 
Canal to replace a 
slipway

ca 1548 AD: Schuiten-
schuiverskwartier built 
to the north of the 
Damsterdiep Canal

1580: moat dug 
around the 
Schuitenschuivers-
kwartier

1620: construction of 
the Nieuwe 
Steentilpoort (city gate 
to the east of the city)

1000 AD 2000 AD

Damsterdiep filled 
in with earth in 
1883 and 1953 AD

1866-1876 AD: 
construction of 
Eems canal

1600 AD
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Fig. 4

Province of Groningen, 1598, by Zacharias Heyns, Spieghel der Werelt, 

of het epitome van het Theatrum van Abraham Ortelius (source: Digitale 

kaarten & atlassen, serie Uitgeverij ALVO Delft, the Netherlands, 2003). 

The map shows the river Aa and the Hunze reaching the city from the 

south. These rivers merged into the Reitdiep, which linked Groningen 

with the North Sea. The Damsterdiep Canal, east of the city, connected 

Groningen with Dollart Bay, providing a waterway to the river Ems and 

the wood market of Emden.

Fig. 5

Drawing from the archaeological excavation, indicating the location of the 

structures found: 1) revetment of the Damsterdiep Canal; 2) anchor struc-

tures of the revetment; 3) foundation piles of the Nieuwe Steentilpoort (east-

ern city gate); 4) revetment of the moat of the Schuitenschuiverskwartier; 

5) lock connecting the Damsterdiep with the Schuitendiep Canal.

Fig. 6

Eastern gate of the lock found during the excavation.

© J. Buist, Gemeente Groningen
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Laboratory methods and dendrochronological analyses

Tree-ring measuring and crossdating
The samples were prepared following standard dendrochrono-
logical procedures (e.g. Sass-Klaassen et al., 2008). Ring widths 
were measured to 0.01 mm accuracy with a TimeTable meas-
uring device (VIAS, University of Vienna), coupled with PAST4 
software (SCIEM).

To statistically identify a match between two ring-width 
series, we considered both the Student t-value according to 
Hollstein (1980) and the percentage parallel variation (%PV), 
also known as Gleichläufigkeit (Eckstein and Bauch, 1969). The 
Student t-test is used to identify the match between two tree-
ring series for which the correlation reaches its highest value. 
The %PV indicates, for the overlapping period of two tree-ring 
series, the percentage of years in which the ring-widths similar-
ly increase or decrease. Ring-width series from the same sample 
were statistically crossdated and averaged into mean tree-ring 
series per sample (MCS). Then, all the MCS of the same species 
(regardless of the structure where they were found) were inter-
nally crossdated to identify samples that may have belonged 
to the same tree (e.g. planks sawn from a single tree, split logs 
used in different parts of a structure, etc.). High Student t- 
values (e.g. > 12) could be an initial indicator that two samples 
belonged to the same tree, but lower t-values may also occur. 
Therefore, direct observation of the samples (are they quarters 
of a trunk, halves, full cross-sections?) and their tree-ring pat-
terns is crucial at this stage. Not to end up with a dataset high-
ly influenced by certain individual trees, we decided to average 
the very similar tree-ring series into mean curves of “individu-
al trees” (MCT). This ensured that the group mean values cal-
culated, as well as the quantity of timbers with a specific prov-
enance were, at least, not overrated. The resulting set of raw 
MCTs were internally crossdated and averaged into site mean 
curves (SMC) using a hierarchical approach as described by 
Eckstein et al. (2009). All raw MCTs and SMCs were crossdat-
ed with existing master chronologies from Central and Corthern 
Europe (Tab. 1). The statistical matches were visually inspect-
ed and verified. No standardisation of the curves was applied 
during the process.

Tracing the origin of the wood: dendro-provenancing
This sub-discipline within dendrochronology aims at deter-
mining where the wood found in constructions or artefacts 
originally came from (i.e. where the trees grew). Considering 
that trees of the same species growing under the same condi-
tions produce similar tree-ring patterns, the basic principle of 

dendro-provenancing is that the master chronology providing 
the best match will be, to a certain extent, an indicator of the 
provenance of the timber (the higher the statistical values pro-
viding the match, the more likely that the wood being researched 
originates from the area represented by the chronology). In 
practice this is not so simple, given that some master chrono-
logies have been extended back in time with historical wood 
from uncertain geographic origin or with wood that had been 
transported over large distances (which is the case of most of the 
Dutch master chronologies covering the Early Modern period).1 
Moreover, trees may show a strong common climatic signal over 
large areas for certain periods of time, with the consequence that 
their chronologies are very well suited for dating but hardly use-
ful for accurate provenancing (for an example, see Eckstein and 
Wrobel, 2007). Taking into account these limitations, we have 
used chronologies that represent rather well-defined areas. The 
provenance of the dated timbers has been established consider-
ing the area represented by the chronology providing the best 
match and area of the chronologies replicating it.2

Felling dates and sapwood estimates
When the dendrochronological research of a sample results in a 
date, that date will correspond to the year in which the last ring 
measured in the sample was formed. If this ring is the last one 
formed right under the bark (waney edge), we will be dating 
the year in which the tree was felled, and sometimes even the 
felling season (Eckstein, 2007). This date, however, might not 
correspond with the construction date of the structure or arte-
fact, given that the wood could be re-used, could be a repair, or 
there could be a certain time span between the felling of the tree 
and the use of the timber, depending for example on the drying 
process, storage time or the time involved in transport (Miles, 
1997). If the last measured ring is a sapwood ring or is identified 
as the heartwood/sapwood border, it is possible to estimate the 
number of missing sapwood rings when the wood comes from 
an area where sapwood estimates are available. The number 
of sapwood rings may vary considerably within trees growing 
in the same area, but in general older trees tend to have more 
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1. The Dutch master chronologies have been constructed using wood 

found in the Netherlands but that, in some cases, originated from dis-

tant areas. Most of the chronologies covering the Early Modern period 

represent timber imported to the Netherlands, mainly from Germany, 

Scandinavia or the Baltic countries.

2. Due to space limitations, only the statistical values corresponding to the 

best match are shown on Table 2.  
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sapwood rings that younger ones and a general decrease in the 
number of sapwood rings has been observed from the west to 
the east of Europe (Haneca et al., 2009). Information about the 
age of the tree and the provenance of the timber is therefore re-
quired before deciding on the appropriate regional sapwood es-
timates to be applied. When the last measured ring is a heart-
wood ring, only a terminus post quem (date after which the tree 
was felled or more recent possible felling date) can be provided.

To estimate the felling dates of the timbers with sapwood 
and the more recent possible felling dates of those without sap-
wood, we have applied the sapwood estimates for Germany ac-
cording to Jansma (2007) on the samples dated with German 
chronologies, and the sapwood estimates for western Sweden 
according to Bråthen (1982a) on timbers dated with Norwegian 
and Swedish chronologies. In both cases, the estimation was 
made within the 95% confidence interval. Regarding the dated 
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Table 1

Master chronologies (MChr.) used to date the samples.

Chronology codes according to the reference or to http://www.noaa.nl/

content/nieuwe-content/hst3/H3.1.4.3.xml.asp; Species: Q, Quercus sp.; 

P, Pinus sylvestris.
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CodeMChr.

1082-1972 AD

865-1992 AD

1305-2005 AD

1367-1710 AD

Northern coast Germany

Coastal area Lower Saxony,
Germany

South Norway

Sweden/Norway

NKU1082M

NSSUB7HL

N-ALL

JemGrp03

Q

Q

Q

P

1

5

9

13

959-1873 AD

876-1992 AD

1372-1721 AD

1383-1954 AD

Lower Saxony,
Northwest Germany

Lower Saxony
(western lowland), Germany

Germany

North Norway

SAX959MM

NSSUB9HL

NLNSA501

500000

Q

Q

Q

P

2

6

10

14

875-1992 AD

441 BC-1992 AD

1286-1595 AD

Lower Saxony,
Northwest Germany

East Frisia, Germany

South Norway

NSSUB4HL

OFR18MMM

NLSENO01

Q

Q

Q

3

7

11

880-1992 AD

1125-1720 AD

1040-1972 AD

East Lower Saxony,
Germany

West Sweden

East Netherlands/
West Germany

NSSUB5HL

SM000012

NLWF1040

Q

Q

Q

4

8

12

Species Period Provenance

Eckstein and Wrobel, n.p.

Leuschner, Dendrochronologisches
Labor Göttingen (DELAG), n.p.

Bonde et al., in prep.

Groves and Locatelli (2005)

Leuschner, Dendrochronologisches
Labor Göttingen (DELAG), n.p.

Leuschner, Dendrochronologisches
Labor Göttingen (DELAG), n.p.

Van Daalen (2003)

Eidem (1959)

Leuschner, Dendrochronologisches
Labor Göttingen (DELAG), n.p.

Hollstein (1980)

Hanraets, Ring Foundation, n.p.

Leuschner and Leuschner (2002)

Bråthen (1982b)

Tisje, n.p.
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pine samples with the bark absent, and given that we lacked 
sapwood estimates for this species in Scandinavia, we have 
written “in/after” preceding the date of the last measured sap-
wood ring.

Historical research

To link the archaeological and dendrochronological data to his-
torical information, the town accounts offered the best pros-
pects, given that the municipal government recorded in these 
accounts the revenues and expenditures of the city on an an-
nual basis. Specific years were chosen based on the results of 
the dendrochronological research. Additionally, the accounts of 
the years around 1573 and 1620 were of special interest, as those 
years correspond respectively to the construction of a lock and 
the Nieuwe Steentilpoort (Feith, reprint ca 1978; Schroor, 2000).

Results and Discussion

Species and general description of the samples

Among the 115 samples researched, 85 were oak (Quercus sp.), 
21 spruce (Picea abies) and nine pine (Pinus sylvestris). Oak 
was the predominant species in all the excavated structures, ex-
cept for the foundation piles of the Nieuwe Steentilpoort, which 
were all conifers (20 spruces and two pines). The researched 
timbers included planks, full round logs, parts of a log and logs 
squared in two or four sides.

The number of rings in the oak samples varied between 39 
and 293 with 18 samples (21.2%) presenting 60 or fewer rings. 
Almost half of the samples (44.7%) had between 61 and 120 
rings, with 24.7% of samples between 121 and 180 rings and eight 
samples (9.4%) with more than 180 rings. Around half of the 
samples (52.9%) had sapwood and more than a third (68.2%) 
included the pith. The waney edge was present in 18 samples 
(20% of the total).

All 20 spruce samples from the foundation piles of the city 
gate had waney edge, some of which still included the bark and 
pith. They all represent single trees, of which 75% were felled 
in spring and 25% in the late summer or in winter. The number 
of rings in the samples ranged between 36 and 133, with seven 
samples having 60 or fewer rings. Only one sample had more 
than 120 rings. The diameters varied between 15 and 23 cm. The 
other spruce, found in structure 4, also contained pith, but not 
the waney edge, and had 40 rings.

The number of rings in the pine samples varied between 59 
and 240. Four samples had less than 120 rings and another four 
more than 180 rings. Eight of the samples had pith and four of 
them also had waney edge.

Crossdating

The internal crossdating between the tree-ring series of the 
samples resulted in the identification of a number of timbers 
suspected of belonging to the same individual trees (Fig. 7). 
Twenty-five oak timbers found in the anchor supports of the 
Damsterdiep (structure 2) were grouped into nine possible in-
dividual trees. In addition, two pine beams from structure 2 
and another two pine planks from the lock were grouped into 
two potential trees. After crossdating and averaging the match-
ing series into (raw) mean curves, our dataset was reduced to 
97 tree-ring series from what were considered to be individual 
trees (MCT). Table 2 shows the results of the dendrochronolog-
ical research for each MCT.

Dating results

Out of 97 potentially individual trees, 74 could be dated (repre-
senting 85 of the 115 individual samples), including 52 oaks, 20 
spruces and two pines. It is worth mentioning that 14 of these 
samples (seven oaks and seven spruces) had fewer than 60 rings. 
However, it should be noted that they all had sapwood and/or 
waney edge and that the dating was only possible by crossdat-
ing with longer tree-ring series from samples of the same struc-
ture. This shows how the sampling of numerous timbers from 
the same structure enhances the chances for dating success.

The timbers from the revetment of the Damsterdiep (struc-
ture 1) date from different periods and therefore no conclusions 
as to the construction date can be drawn from the dendrochrono-
logical results. However, the felling dates of the anchor supports 
(structure 2) are quite consistent, concentrating in or shortly be-
fore 1564. These two structures are related, hence building activ-
ities on the revetment must have taken place around that year.

The mean curve of the spruce foundation piles under the 
Nieuwe Steentilpoort (SMC3, structure 3) was dated by Claudia 
Baittinger and Niels Bonde, from the National Museum of 
Denmark, Copenhagen. The felling dates of the piles ranged 
between the spring of 1618 and the late summer or winter of 
1619 to 1620, supporting the known construction date of 1620. 
The fact that the timbers were used in the foundation of the 
gate within two years after the felling, with 90% of the trees be-
ing felled the year before the construction, agrees with the ob-
servations from Sass-Klaassen et al. (2008), who found that 
the time span between the felling of the conifer trees used as 
foundation piles under eight Dutch historic buildings was never 
more than three years and usually less than two years. The fell-
ing dates of the trees used for the revetment of the moat of the 
Schuitenschuiverskwartier (group 4) concentrated around 1530, 
indicating that the construction may have started in or shortly 
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after that year and therefore earlier than the year 1548 indicat-
ed by Schroor (2009). If the construction took place later, these 
must be re-used timbers.

Nearly all the timbers found in the lock (structure 5) date af-
ter 1573, suggesting that either the original lock was renovated 
or that we found a different one.

The dates of the timbers from group 6 are not relevant from 
an archaeological point of view, but their provenance is, and 
therefore will be discussed in the following point.

Provenance of the wood

Within the dated oak timbers, we identified two main groups:
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Fig. 7

Visual and statistical synchronisation between groups of tree-ring series 

from samples that originate from the same tree. Y-axis: tree-ring widths 

in 0.01mm; X-axis: number of rings. t: mean group Student t-value; %PV: 

mean group percentage parallel variation. The circle indicates that the pith 

is present in the sample and the dashed line indicates the sapwood rings.
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-  Timbers dated with Norwegian master chronologies (re-
ferred to from now on as Norwegian oaks; their MCTs have 
been averaged into the SMC1);

-  Timbers dated with German chronologies (referred to as 
German oaks; MCTs averaged into the SMC2).

Figure 8 shows the synchronisation between the SMCs and the 
master chronologies that provided the best match. The group of 
Norwegian oaks is comprised of what are probably 21 single trees. 
The mean group t-value is 7.30, with a %PV of 67.6. However, 
within this group there is a subgroup of 10 trees that synchronise 
individually with the master chronologies with t-values over 9. 
This subgroup (SMC1a) presents a mean group t-value of 9.16 
with a %PV of 71.3, suggesting that the trees grew under very 
similar conditions (i.e. probably in the same forest). Most of the 
Norwegian timbers were felled in the second half of the 16th cen-
tury. Sogner (2004) describes that in the 1580s the Dutch were 
buying huge amounts of timber in Norway. As the western and 

southern coasts of Norway became progressively depleted by the 
late 17th century, timber export concentrated in the eastern part 
of the country. Taking Sogner’s account strictly, it is likely that 
the Norwegian oaks found originated from southwest Norway.

The group of German timbers includes 30 oaks originating 
from Lower Saxony and North-Rhine Westphalia (Fig. 9). Some 
timbers could again be regrouped into two subgroups: SMC2a, 
composed of young, fast growing trees that were probably grown 
in the north of Lower Saxony (close to the coast); SMC2b, a ho-
mogeneous group of older trees, probably grown further inland 
in Lower Saxony or in North-Rhine Westphalia; the rest of the 
trees showed an undefined origin between these two areas.

German and Norwegian oaks were found mixed in structures 
1 and 2, whereas the oaks found in structures 4 and 5 were dat-
ed exclusively with German chronologies.

Among all the oak timbers, only one (found out of context) 
dated with a Swedish chronology (Tab. 2, MCT 6.01). This re-
sult contrasts with those of Van Tussenbroek (2009), who 
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Fig. 8

Visual and statistical synchronisa-

tion between the site mean curves 

(SMC; brown: provenance south-

ern Norway; green: provenance 

northwestern Germany) and the 

master chronologies that provided 

the best match (blue). Y-axis: tree-

ring widths in 0.01 mm; X-axis: cal-

endar year. t: Student t-value; %PV: 

percentage parallel variation (also 

represented by the grey area).
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found considerable amounts of Swedish oak in buildings from 
the late 16th century in Amsterdam. In Groningen, the use of 
Scandinavian timbers in a 16th-century house was reported by 
De Vries (1997), in collaboration with the Ring Foundation. The 
origin of those timbers could not be ascertained more accu-
rately and was described as “Norwegian/Swedish”. In our re-
sults, the distinction between both Scandinavian provenances 
is clear, as shown by the high correlations we found with the 
Norwegian chronologies and the low correlations found with 
Bråthen’s chronology for western Sweden (1982b).

The spruces from the foundation of the eastern city gate rep-
resent a single, rather homogeneous group of trees, probably 
grown in southeast Norway (Bonde N., National Museum of 
Denmark, pers. comm., 6 June 2009). 

From the dated pines, the beam found in the revetment of the 
Damsterdiep originates from Norway and was certainly a repair, 
whereas the pine planks found in the lock may have come from 
Norway or Sweden and were probably purchased at the same 
time as the oak timbers from the same structure.

The set of undated oaks consists mostly of relatively young, 
fast-grown trees. Such tree-ring patterns often appear in trees 
that have re-sprouted from a coppice stool or, more commonly, 
in trees that have grown in an open area, and therefore without 
competition (Haneca et al., 2009). They are particularly diffi-
cult to date due to the low climatic signal they contain.

Historical research

Given the felling dates of timbers from the structure 2 around 
1564, the town accounts were searched for wood-related infor-
mation between 1563 and 1565. Although no relevant informa-
tion was found in the years 1563 and 1564, the accounts of 1565 
revealed that the revetment of the Damsterdiep Canal was con-
structed between April and November. Table 3 presents the 
records of timber purchased by the municipality that year. It 
is very likely that the timbers found in structure 2, felled in or 
ca 1564, correspond to some of the categories specifically re-
lated to the works on the Damsterdiep Canal. The Norwegian 
oaks used as anchor structures could have been part of the 
load of Nordic stocken purchased on 7 November 1565. If this 
was the case, some of the oaks must have been transported 
to the Netherlands shortly after the felling. We also found in 
these accounts that “anchor wood” had been purchased from 
Brookmerland, located north of Emden, in the northwest-
ern part of current Germany (Fig. 9). Therefore some of the 
German timbers included in SMC2a could have been part of 
the loads of wood purchased on 11 August or on 25 October. 
However, most of the wood was bought that year in the market 
of Groningen, which could have been assorted with wood from 
the surroundings or with imported timber. Finally, it is worth 
mentioning a single entry, not directly related to the construc-
tion of the Damsterdiep, of prusche delen (“coniferous planks 
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Fig. 9

Areas in Germany and the Netherlands supplying Groningen with timber 

in the late 16th and early 17th centuries, according to the dendrochronolog-

ical results (dark red) and historical research (blue; A: Drenterwolde and 

Wolfsbarge, B: Roden, C: North-Rhine Westphalia; D: East Frisia). The ar-

rows indicate import of timber from Norway (E: “Nordic” timber).
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from Prussia” according to Haslinghuis and Janse, 1997) pur-
chased on 15 April and coming from Gdańsk.

The accounts of 1573 indicate that construction timber was 
primarily imported from Emden.3 This wood consisted part-
ly of Noords (“Nordic”) wood and partly of oak beams from 
Westphalia. The latter makes good sense (given the connection 
of that region with Emden via the river Ems) and seems to 
have been a stable factor over time. Häpke (1913) published 
the report of two spies from Amsterdam who visited Emden 
in March 1555 and declared that great amounts of timber from 
Westphalia were reaching Emden via the river Ems (a reason 
why timber for shipbuilding was cheaper in Emden than it was 
in Amsterdam). Tracing the “Nordic” wood is not such an easy 
matter, since this denomination points to a general northern or-
igin and the tree species is not specified. In the case of the ac-
counts of 1565, the Nordic anchor wood seems to correspond to 
the Norwegian oak timbers found supporting the revetment of 
the Damsterdiep Canal. However, De Vries (1994) mentions that 
the term Noordse balken or Noords hout was commonly used 
in the Late Middle Ages for softwoods from Northern Europe. 
The town accounts revealed that rafts of Nordic wood crossed 
Dollart Bay from Emden to Delfzijl and reached Groningen via 
the Damsterdiep Canal. Given the floatability of the conifer spe-
cies, it would not be surprising that these rafts were made of 
softwoods. But Nordic wood also reached Groningen by ship, 
either via Delfzijl and the Damsterdiep, or via the Reitdiep 
(Elema and Alma, 1992). In this case, the cargo could have been 
composed of oak timbers, conifers or both. In addition to the 
wood from Emden and the Nordic timber, Groningen received 
in 1573 woldbomen, wood from an area called “Drenterwolde” 
southeast of the city. This wood was gathered in Westerbroek 
and then transported to Groningen via the river Hunze.

Finally, in the town accounts of 1618 to 1620 no specific men-
tion is made of the purchase of foundation piles for the city 
gate. However, we found that the city had its own forests (ac-
quired around 1594), located to the southeast (Wolfsbarge) and 
the southwest (Roden), and that the local timber traders were 
organised in the “company of wood merchants”.

Concluding remarks

Through dendrochronological and historical research we have 
learned that the construction timber used in the researched 

structures, dating from the 16th and early 17th centuries, was 
mostly supplied by the (nowadays) northwest of Germany and 
southern Norway. The wood market of Emden played a major 
role providing Groningen with Westphalian and Nordic wood, 
but direct connections with Bremen and Norway also existed at 
the time. Baltic oak was absent among the dated samples, al-
though Prussian pines were mentioned in the town accounts 
of 1565. These results confirm that the trade connections of the 
Late Middle Ages were still active in the Early Modern period.

The fact that parts of logs from the same trees, of mixed 
provenance and with similar felling dates were found in the an-
chor supports of the Damsterdiep implies on the one hand, that 
in 1565 there was no preference for a specific provenance of the 
timber for the construction of the canal, therefore the availabil-
ity, the price and/or the quality of both German and Norwegian 
oak wood must have been similar; on the other hand, this also 
proves that the wood reached Groningen as full trunks, beams 
or logs and once there, was piled and split or sawn into the re-
quired dimensions.

The import of Norwegian softwoods to the Netherlands is not 
only well documented in historical accounts, but can also be ev-
idenced by dendrochronology. The accurate dating of the fell-
ing season of foundation piles allows a good estimation of the 
time span between felling and use of the timber. This informa-
tion contributes greatly to studies about the durability and per-
formance of different species used as construction timber under 
waterlogged conditions.

During this research we observed that the historical records, 
as well as the modern literature, often refer to the import of soft-
woods from Norway to the Netherlands, but barely mention the 
import of Norwegian oak. Our results, however, provide dendro-
chronological evidence of such trade. Furthermore, we found 
that the term “Nordic” in historical archives does not necessar-
ily refer to “softwoods” from the north of Europe, as is often as-
sumed in the literature.

Last but not least, we suspect that some of the undated trees 
(predominantly showing a fast-growing tree-ring pattern) could 
have originated from the forests close to Groningen mentioned 
in the historical archives. Although this type of sample is mostly 
very difficult (if not impossible) to date, their recurrent appear-
ance demands our attention, since they could provide valuable 
information about past forest management practices.

Acknowledgements

We are very thankful to Anko Wieringa and Jasper Huis in ’t 
Veld (ARC BV, Groningen), Jaap Buist, Klaas Helfrich, Leendert 

MARTA DOMÍNGUEZ-DELMÁS / JEROEN F. BENDERS / GERT L.G.A. KORTEKAAS

3. Regionaal Historisch Centrum / Groninger Archieven, Stadsarchief tot 

1594 (RvR), inv. no. 7.32, ff. 289–312 (section “Bekostijng der verlaten”).

162



van der Schee and Frits Vrede (Gemeente Groningen/Stichting 
Monument en Materiaal) for documenting the wood remains, 
making the drawings and organising the archaeological data. We 
thank Dieuwertje Duijn and Julia Bohórquez (Ring Foundation) 
for their assistance in preparing the wood samples for dendro-
chronological research. We especially thank Niels Bonde and 
Claudia Baitinger for dating our spruce mean curve and for 
making their chronology of Norwegian oaks available to us. 
Furthermore, we thank Hubert and Barbara Leuschner, Dieter 
Eckstein and Sigrid Wrobel for giving us permission to use their 
chronologies, and Erhard Pressler and Thomas Bartolin for 
kindly sharing their knowledge with us. Last but not least, we 
wish to thank Ute Sass-Klaassen and Pascale Fraiture for their 
valuable comments and suggestions. This research was found-
ed by the Municipality of Groningen.

This article is dedicated to the memory of Dr Wil Casparie 
(1930–2009), wood and peat archaeologist whose research con-
tributed greatly to the understanding of the use of wood from 
prehistoric and historic landscapes in the northeast of the 
Netherlands and in Ireland.

References

Beeckman H., 2005. The impact of forest management on wood 
quality. The case of medieval oak, in Van de Velde C., Beeckman H., 
Van Acker J. & Verhaeghe F. (eds), Constructing wooden imag-
es, Proceedings of the symposium on the organization of labour 
and working practices of late gothic carved altarpieces in the 
Low Countries, Brussels, 25–26 October 2002, Brussels, p. 93–113.

Benders J. F., 2009. De stad Groningen en de Hanze tot het eind 
van de zestiende eeuw, in Brand H. & Knol E. (eds), Koggen, 
kooplieden en kantoren. De Hanze, een praktisch netwerk 
(Groninger Hanze Studies 4), p. 170–189.

Benders J. F., 2011. Een economische geschiedenis van Groningen. 
Stad en Lande, 1200–1575, Groninger Historische Reeks 39, 
Koninklijke Van Gorcum, Assen, 496 p.

Bråthen A., 1982a. A tree-ring chronology from the western part 
of Sweden. Sapwood and a dating problem, in Hackens T. & 
Mejdahl V. (eds), Second Nordic Conference on the application 
of scientific methods in archaeology PACT 7(1), p. 27–35.

Bråthen A., 1982b. Dendrokronologisk serie från västra Sverige 
831–1975, Riksantikvarieämbetet och Statens historiska museer 
0348–6826 (1982:1), Stockholm, 123 p.

Buis J., 1985. Historia forestis: Nederlandse bosgeschiedenis. 
Deel 2. Houtmarkt en houtteelt tot het midden van de negen-
tiende eeuw, Utrecht, 583 p.

Buis J., 1993. Holland Houtland. Een geschiedenis van het 
Nederlandse bos, Amsterdam, 243 p.

Casparie W. A., 1994. Some examples of the use of wood in the his-
torical town of Groningen (The Netherlands), in Dickson J. H. 
& Mill R. R. (eds), Plants and People, Botanical Journal of 
Scotland 46 (4), Edimburgh, p. 663–673.

Daly A., 2007. Timber, Trade and Tree-rings. A 
Dendrochronological Analysis of Structural Timber in Northern 
Europe, c. AD 1000 to c. AD 1650, PhD Dissertation, University 
of Southern Denmark, 270 p.

de Vries D. J., 1994. Bouwen in de late Middeleeuwen. Stedelijke 
architectuur in het voormalige Over- en Nedersticht, PhD 
Dissertation, University of Leiden, 512 p.

de Vries D. J., 1997. Monumenten dendrochronologisch ge-
dateerd (7), Huizen, Bulletin van de Koninklijke Nederlandse 
Oudheidkundige Bond 6, p. 218–225.

de Vries J. & van der Woude A. M., 1995. Nederland 1500–1815. De 
eerste ronde van moderne economische groei, Amsterdam, 480 p.

Eckstein D., 2007. Human time in tree rings, Dendrochronologia 
24-2/3, p. 53–60.

Eckstein D. & Bauch J., 1969. Beitrag zur Rationalisierung 
eines dendrochronologischen Verfahrens und zu Analyse  
seiner Aussagesicherheit, Forstwissenschaftliches Centralblatt 
88, p. 230–250.

Eckstein D. & Wrobel S., 2007. Dendrochronological Proof 
of Origin of Historic Timber – Retrospect and Perspectives, in 
Haneca K., Verheyden A., Beeckman H., Gärtner H., Helle G. 
& Schleswer G. (eds), Proceedings of the Symposium on Tree 
Rings in Archaeology, Climatology and Ecology, 20–22 April 
2006, Tervuren, Belgium, vol. 5, p. 8–20.

Eckstein J., Leuschner H. H., Bauerochse A. & Sass-Klaassen U., 
2009. Subfossil bog-pine horizons document climate and eco-
system changes during the Mid-Holocene, Dendrochronologia 
27-2/2, p. 129–146.

MARTA DOMÍNGUEZ-DELMÁS / JEROEN F. BENDERS / GERT L.G.A. KORTEKAAS

163



Eidem P., 1959. En grunnskala til tidfesting av trevirke fra 
Flesberg i Numedal, Blyttia 17, p. 69–85.

Elema P. J. C. & Alma R., 1992. Cleveringa, Gruoninga 37, 
p. 155–184.

Feith J. A., 1891–1908, reprint ca 1978. Wandelingen door het 
oude Groningen, Groningen, 445 p.

Groves C. & Locatelli C., 2005. Tree-ring analysis of conifer 
timbers from 107 Jermyn street, City of Westminster, London, 
English Heritage, Centre for archaeology, Report-INT, 32 p.

Haneca K., Cufar K. & Beeckman H., 2009. Oaks, tree-rings and 
wooden cultural heritage: a review of the main characteristics 
and applications of oak dendrochronology in Europe, Journal 
of Archaeological Science 36, p. 1–11.
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Sample codes and mean curves

Sample nr (MCS)

S059

S031, S035

S007

S105

S033

S001

S118, S120

S005

S116

S034, S092, S094, S110, S125

S101

S004

S032, S036

S002

S091

S104

S003

S099

S102

S058

S115

S096,S108,S109,S119

S028

S122

N

67 (1)

134

201

153

69

99

186 (15)

90

66

151

88

83

138

133

79

90

293

107(10)

122

59

95

184

50

131

SMC

-

SMC1a

-

SMC1

SMC2

SMC2

SMC1a

-

SMC2

SMC1a

SMC1

SMC2

SMC1a

-

SMC1

SMC1

SMC1

SMC2

SMC1a

-

SMC1

SMC1a

SMC2a

SMC1

MCT

1.08

2.06

1.04

2.02

210

1.02

2.08

1.06

2.04

2.12

2.14

1.01

2.07

1.05

2.03

211

1.03

2.01

2.09

1.07

2.05

2.13

2.15

2.16

RW (mm)

1.47

1.09

0.79

0.81

2.19

1.44

0.53

1.68

1.64

1.21

1.54

1.35

1.21

0.88

1.29

1.15

0.61

1.23

0.78

1.86

1.56

0.89

1.43

0.85

Tree information

Species

Q

Q

P

Q

Q

Q

Q

Q

Q

Q

Q

Q

Q

Q

Q

Q

Q

Q

Q

Q

Q

Q

Q

Q

S111

S128

46 (1)

77

SMC2a

SMC1

2.18

2.17

1.59

1.26

Q

Q

S029, S126

S107

S123

S106, S112, S124

S030

S000

S117

71

67

40

75 (1)

50 (1)

77

39

SMC2a

SMC2a

SMC2a

SMC2a

SMC2a

SMC1

SMC2a

2.22

2.20

2.24

2.19

2.23

2.21

2.25

1.41

1.20

2.31

1.75

1.15

1.48

1.47

Q

Q

Q

Q

Q

Q

Q
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Dating results

Date last ring (AD)

-

1532

1853

1498

1541

1518

1539

-

1507

1550

1553

1506

1537

-

1499

1543

1617

1492

1539

-

1527

1551

1554

1555

Felling date (AD)

-

after 1541

in/after 1853

after 1507

summer / winter 1541

1534 ± 10

1563 ± 9

-

after 1514

1556 ± 6

summer / winter 1553

after 1514

1557 ± 12

-

after 1508

1563 ± 12

1623 ± 5

1505 ± 3

1552 ± 12

-

after 1536

1561 ± 9

1563 ± 4

1566 ± 10

%PV P

- -

75.0 0.0001

68.6 0.0001

- -

75.4 0.0001

66.7 0.001

74.7 0.0001

- -

65.9 0.01

72.5 0.0001

69.9 0.0002

68.1 0.001

70.3 0.0001

- -

68.4 0.005

- -

62.9 0.0001

66.4 0.001

72.5 0.0001

- -

67.9 0.001

73.1 0.0001

- -

64.1 0.005

MChr.

-

11

14

via SMC1

12

3

11

-

10

11

11

2

11

-

11

via SMC1

11

6

9

-

11

11

via SMC2

11

t-value

-

12.0

7.2

-

5.5

5.3

10.9

-

5.8

10.4

5.5

5.0

9.6

-

7.1

-

5.4

7.2

9.4

-

7.0

12.6

-

6.7

Origin

-

S Norway

Norway

S Norway

NW Germany

NW Germany

S Norway

-

NW Germany

S Norway

S Norway

NW Germany

S Norway

-

S Norway

S Norway

S Norway

NW Germany

S Norway

-

S Norway

S Norway

NW Germany

S Norway

Interpretation

Waney Edge

+ 1 + ?

> 9

WK?

> 9

WK/LW

16 ± 10

24 ± 9

-

> 7

6 ± 6

WK/LW

> 8

20 ± 12

WK/LW

> 9

20 ± 12

6 ± 5

13 ± 3

13 ± 12

-

> 9

10 ± 9

9 ± 4

11 ± 10

1561

1560

spring 1562

1576 ± 12

-

-

-

-

via SMC2

via SMC1

-

-

NW Germany

S Norway

WK/EW

16 ± 12

1564

1562

1564

1561

1564

1563

1564

summer / winter 1564

summer / winter 1562

summer / winter 1564

1563 ± 1

spring 1565

summer / winter 1563

summer / winter 1564

- -

73.1 0.0001

- -

73.3 0.0001

- -

73.4 0.0001

73.1 0.005

via SMC2

1

via SMC2

5

via SMC2

11

1

-

5.2

-

4.8

-

5.6

4.4

NW Germany

NW Germany

NW Germany

NW Germany

NW Germany

S Norway

NW Germany

WK/LW

WK/LW

WK/LW

2 ± 1

WK/EW

WK/LW

WK/LW
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S090, S114

S098

S127

S086

S103

S121

S070

S065

S084, S085

S093

S026, S027, S037

S067

S087

S113

S064

S066

S068

46

62

63

75

62

94

132 (1)

63 (1)

62

65

71

64 (1)

240

55 (1)

53 (1)

64

61 (1)

SMC2a

-

-

-

-

-

SMC3

SMC3

-

-

-

SMC3

-

-

SMC3

SMC3

SMC3

2.26

2.34

2.30

2.28

2.36

2.32

3.02

3.04

2.27

2.35

2.31

3.01

2.29

2.33

3.03

3.05

3.06

1.80

1.29

1.88

1.49

1.53

1.60

0.54

1.26

0.80

1.70

1.34

1.00

0.44

1.39

0.92

0.98

0.85

Q

Q

Q

P

Q

Q

S

S

P

Q

Q

S

P

Q

S

S

S

Sample codes and mean curves

Sample nr (MCS) NSMCMCT RW (mm)

Tree information

Species

S071

S069

77 (1)

61

SMC3

SMC3

3.08

3.07

0.71

0.77

S

S

S080

S075

S078

S073

S082

S077

S089

S072

S081

S076

S088

S074

S083

S079

48 (1)

35 (1)

58

85 (1)

53 (1)

65 (1)

58 (1)

76 (1)

76

44

152

64 (1)

110 (1)

46 (1)

SMC3

SMC3

SMC3

SMC3

-SMC3

SMC3

-

SMC3

SMC3

SMC3

-

SMC3

SMC3

SMC3

3.16

3.12

3.20

3.10

3.18

3.14

3.22

3.09

3.17

3.13

3.21

3.11

3.19

3.15

1.50

1.35

0.78

0.57

1.08

0.69

1.54

1.08

0.60

0.98

1.23

1.17

0.92

0.85

S

S

S

S

S

S

P

S

S

S

P

S

S

S
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1564

-

-

-

-

-

1617

1618

-

-

-

1617

-

-

1618

1618

1618

summer / winter 1564

-

-

-

-

-

summer 1618

spring 1619

-

-

summer / winter

spring 1618

in / after

-

spring 1619

summer / winter 1618

spring 1619

71.7 0.005

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

1

-

-

-

-

-

via SMC3

via SMC3

-

-

-

via SMC3

-

-

via SMC3

via SMC3

via SMC3

4.4

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

NW Germany

-

-

-

-

-

SE Norway

SE Norway

-

-

-

SE Norway

-

-

SE Norway

SE Norway

SE Norway

WK/LW

-

WK/LW

WK/LW

-

-

WK/EW

WK/EW

WK/LW

-

WK/LW

WK/EW

WK?

2 ± 1

WK/EW

WK/LW

WK/EW

Dating results

Date last ring (AD) Felling date (AD)%PV P MChr.t-value Origin

Interpretation

Waney Edge

1618

1618

spring / summer 1619

summer / winter 1618

-

-

-

-

via SMC3

via SMC3

-

-

SE Norway

SE Norway

WK/EW

WK/LW

1618

1618

1619

1618

1618

1618

-

1618

1618

1618

-

1618

1618

1618

spring 1619

spring 1619

summer / winter 1619

spring 1619

spring 1619

spring 1619

spring

spring / summer 1619

summer / winter 1618

summer / winter 1618

-

spring 1619

spring 1619

spring 1619

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

via SMC3

via SMC3

via SMC3

via SMC3

via SMC3

via SMC3

-

via SMC3

via SMC3

via SMC3

-

via SMC3

via SMC3

via SMC3

-

-

-

-

-

-

-

-

-

-

-

-

-

-

SE Norway

SE Norway

SE Norway

SE Norway

SE Norway

SE Norway

-

SE Norway

SE Norway

SE Norway

-

SE Norway

SE Norway

SE Norway

WK/EW

WK/EW

WK/LW

WK/EW

WK/EW

WK/EW

WK/EW

WK/EW

WK/LW

WK/LW

-

WK/EW

WK/EW

WK/EW



MARTA DOMÍNGUEZ-DELMÁS / JEROEN F. BENDERS / GERT L.G.A. KORTEKAAS

170

Sample codes and mean curves

Sample nr (MCS) NSMCMCT RW (mm)

Tree information

Species

S052

S097

S055

S056

S062

S063

S054

S053

S057

84 (1)

118

66

51

100

76

53

40

68

SMC2

SMC2

-

-

SMC2

SMC2b

SMC2

-

-

4.04

4.02

4.06

4.08

4.01

4.05

4.03

4.07

4.09

1.00

1.42

1.44

1.68

1.31

1.35

1.63

2.30

1.28

Q

Q

Q

Q

Q

Q

Q

S

Q

S046

S009

S044

92

164

141

SMC2

SMC2b

SMC2b

5.01

5.03

5.02

2.41

1.34

1.92

Q

Q

Q

S043

S016

S010

S022

S047

S017

S038, S039

S011

S014

S051

S012

S045

S018

S042

S040

S095

S041

S021

S006

181

127

197

142

171

164

186

111

51

202

128

178

91

191

55

128

136

155

54

SMC2b

SMC1a

SMC2b

SMC1a

SMC2b

SMC1

-

-

-

SMC2b

SMC1a

SMC2

SMC2

SMC2b

-

SMC1a

SMC2b

SMC1

-

5.09

6.03

5.05

6.07

5.11

6.05

5.07

6.01

6.09

5.10

6.04

5.06

6.08

5.04

5.12

6.06

5.08

6.02

6.10

1.21

0.67

1.35

1.12

1.27

0.73

1.25

1.19

2.25

1.32

1.22

1.21

2.68

1.17

3.76

0.5

1.64

1.17

2.42

Q

Q

Q

Q

Q

Q

P

Q

Q

Q

Q

Q

Q

Q

Q

Q

Q

Q

Q
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Dating results

Date last ring (AD) Felling date (AD)%PV P MChr.t-value Origin

Interpretation

Waney Edge

1529

1519

-

-

1501

1529

1528

-

-

spring 1530

after 1526

-

-

1518 ± 10

after 1538

summer / winter 1528

-

-

64.9 0.01

68.2 0.0002

- -

- -

62.5 0.002

75.7 0.0001

69.8 0.005

- -

- -

2

12

-

-

5

10

7

-

-

3.9

5.4

-

-

4.7

7.1

4.3

-

-

NW Germany

NW Germany

-

-

NW Germany

NW Germany

NW Germany

-

-

WK/EW

> 7

-

-

17 ± 10

> 8

WK/LW

-

-

1507

1574

1561

after 1514

after 1578

after 1566

70.1 0,0002

71.6 0,0001

70.9 0,0001

12

12

10

6.9

9.9

8.5

NW Germany

NW Germany

NW Germany

> 7

> 4

> 5

1592

1537

1578

1560

1620

1546

1589

1482

-

1600

1540

1579

1608

1576

-

1547

1590

1515

-

after 1597

after 1546

after 1583

after 1569

after 1624

1559 ± 12

in / after 1589

after 1491

-

after 1604

1560 ± 12

after 1585

1619 ± 8

after 1580

-

after 1556

after 1596

after 1524

-

75.1 0,0001

74.0 0,0001

61.7 0,005

78.4 0,0001

68.7 0,0001

62.8 0,005

62,. 0,0005

74.3 0,0001

- -

65.3 0,0001

77.7 0,0001

67.1 0,0001

64.8 0,005

65.7 0,0001

- -

76.2 0,0001

68.0 0,0001

60.0 0,02

- -

10

11

6

11

2

11

13

8

-

4

11

12

2

12

-

9

3

11

-

9.6

9.1

7.4

11.8

8.6

5.8

6.3

8.4

-

7.9

10.8

9.9

5.8

7.4

-

12.2

8.1

6.1

-

NW Germany

S Norway

NW Germany

S Norway

NW Germany

S Norway

Norway/Sweden

W Sweden

-

NW Germany

S Norway

NW Germany

NW Germany

NW Germany

-

S Norway

NW Germany

S Norway

-

> 5

> 9

> 5

> 9

> 4

13 ±1 2

?

> 9

-

> 4

20 ± 12

> 6

11 ± 8

> 4

+ 1 + ?

> 9

> 6

> 9

-
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Table 2

Results of dendrochronological research.

MCT: raw mean curves of individual trees; the first number indicates the 

structure where the samples were found: 1, revetment Damsterdiep 

Canal; 2, anchor structures of the revetment; 3, foundation piles of the 

Nieuwe Steentilpoort (eastern city gate); 4, revetment of the moat around 

the Schuitenschuiverskwartier; 5, lock linking the Damsterdiep and the 

Schuitendiep Canals; 6, timbers found out of context; SMC: site mean 

curve in which the MCT is contained; Species: Q, Quercus sp.; P, Pinus 

sylvestris; S, Picea abies; N: total number of measured rings (in brack-

ets, number of rings that can be seen but not measured); RW: mean 

ring-width value in mm; Date last ring: date of the last ring measured in 

the sample; t-value: Student t–value according to Hollstein (1980); %PV: 

percentage parallel variation; p: significance of %PV; MChr: correspond-

ing number of master chronology from Table 1; Waney edge: estimated 

number of rings until the bark; WK: waney edge present; LW: latewood= 

felling between late summer of date of the last ring and beginning of 

spring of the following year; EW: earlywood = felling in the spring or ear-

ly summer of the following year of date of the last ring; Estimated felling 

date: date of the last ring plus the estimated mean number of rings to the 

waney edge when the WK is not present; Origin: provenance of the wood.

Table 3

Extract of the town accounts regarding construction wood purchased by 

the municipal government of Groningen in 1565.

Shadowed rows: timber explicitly linked to the works at the Damsterdiep; 

Type of timber/functional category (according to Haslinghuis and Janse, 

1997): Prusche delen: coniferous planks from “Prussia” of (min.) 

15 × 2-5 cm; sulen: “pillars”, two sulen were counted as one beam; 

barkoeners (balkoeners): heavy oak beams of 15 × 15 cm; kortling: short 

horizontal top part of a pier, 1 m long and 10 × 10 cm diameter; sparren: 

more or less square beams, 10-12 m long, used as rafters (in a roof); ka-

praven: trade name for rafters; stocken: trunks or branches; ribben: rather 

square beams of 7.5-12.5 × 7.5-17.5 cm, in shipbuilding: the curved timbers 

forming the frame; Provenance/Place: origin of the timber as specified in 

the accounts (in bold, place where the timber was purchased); Amount: 

voet (foot), one Groninger voet = 0.292 m; Price: average price per piece 

in Brabantine stuivers. Source: Regionaal Historisch Centrum / Groninger 

Archieven, Stadsarchief tot 1594 (RvR), inv. no. 7.24, p. 211–270 (section 

“Bouwmeesterscedelen”).

*  including sulen.

** including stolpen (“attic beams”); two stolpen were counted as one 

beam.

172



MARTA DOMÍNGUEZ-DELMÁS / JEROEN F. BENDERS / GERT L.G.A. KORTEKAAS

173

9 February

Date

13 July

21 August

June

22 July

22 August

15 April

13 July

21 August

13 July

3 August

12 Sept.

14-17 June

26 July

28 August

(May)

21 July

22 August

13 July

11 August

23 Sept.

(November)

28 Sept.

(November)

25 October

(November)

2 October

(November)

7 November

(November)

21 October

(November)

8 November

(November)

Appingedam

Provenance / Place

Westphalia

Scotland (12 beams)

Groningen

Gdańsk

Westphalia

Groningen

Westphalia

Farmsum

(Westphalia)

Groningen

“Nordic”

Farmsum

Emden

Westphalia

Brookmerland

Groningen

Groningen

Groningen

Groningen

Brookmerland

Groningen

Emden?

“Nordic”

Groningen

Emden?

Groningen

Emden

4

Amount

15

74 + 32 + 36

71 + 41

4 ship loads

75 + 60 + 60 + 25

15

100

2.054 voet

25

2.370 voet

606 voet

1

1

1

63 + 87

3.200 voet

1.100 voet

3

43

1.700 voet

19

39

30

24 + 18

400 + 100

105

142

5.428 voet

66 + 40

100

3.227 voet

1.214 voet

2.135 voet

1.184 voet

196

18

Price

11 ¼

7 ½

15

72

9

72 ½

24

12

12 ¾

3

3 + 1 ½

1 + 1

22 ½

9 ¾, 10 ½

13 ½

9 ¾

wainscots

Type of timber/Functional category

planks

beams+ sulen + barkoeners

beams* + sulen

anchor wood

beams* + sulen + barkoeners + kortlinge

Prusche delen

beams**

planks

planks

planks

planks

oak beam

square piece

beam

beams + sulen

planks

planks

beams

beams*

planks (as lock covering)

planks

anchor wood (square)

barkoeners

barkoeners + kapraven

sparren + kapraven

beams*

anchor wood

speerstocken, barkoeners and ribben

planks

beams + sulen

anchor wood (stocken) 

choice planks

planks

planks

planks

stocken
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Applying dendro-typology
to large timber series

Summary

Dendro-typology has been developed within the field of dendro-
chronology since the 1980s as an attempt to sort timber with re-
spect to wood anatomy, tree-ring analysis and techno-morpho-
logy. This approach is suitable for dating purposes, especially 
for large sample assemblages that include young wood, as is 
frequently found in research into the prehistoric pile-dwellings 
around the Alps. Grouping tree-ring series according to cam bial 
age and growth trend allows insights into the age structure of 
the exploited stands and on this basis, dendro-typological mo-
dels of woodland management have been defined with respect 
to historical woodland practices. Dendro-typology is thus a ba-
sic tool in the reconstruction of building history and settlement 
structures and, as such, can act as a key approach to the study 
of timber sources and trade. Beyond the socio-economic aspects 
of timber use, dendro-typology has already been linked to eco-
logy with an example concerning the cyclic effects of the cock-
chafer on the growth of young oak stands. Finally, future pros-
pects are presented for a closer involvement of dendro-typology 
in the evaluation of archaeological tree-ring data from a clima-
tological perspective.

Introduction

As defined in cooperation with the authors of the multilingual 
glossary of dendrochronology (Kaennel and Schweingruber, 
2005), dendro-typology is an attempt to sort timber according 
to dendrological, dendrochronological and techno-morphologi-
cal criteria from a silvicultural perspective. The aim of this pa-
per is to present the developments of dendro-typology, report on 
recent examples of its application and outline the future pros-
pects of the dendro-typlogical approach.

André Billamboz
Landesamt für Denkmalpflege Baden-Würtemberg, Gaienhofen-Hemmenhofen, Germany

Key words  dendrochronology / dendro-typology / dendro-ecology / timber use /
          woodland management / past environment

Origin and early developments

Whilst working for the Service Archéologique du Canton de 
Neuchâtel (CH) during the 1970s, the author’s first experience 
with dendrochronology occurred in close collaboration with the 
tree-ring laboratory, newly established within the framework of 
large-scale rescue excavations in lake-shore sites (supported by 
the National Highway Archaeological Service and by the Swiss 
National Science Foundation). Broad discussions with the lab 
staff members focused on the strategies to be developed for the 
tree-ring investigations of the large number of wood sample se-
ries collected in the pile fields and archaeological layers. Visually 
matching short tree-ring series at the light table, C. Orcel was 
still repeating: My work is nothing other than a typology of tree-
ring curves. In the same breath, applying dendrochronology in 
the lake-shore sites of Twann on Lake Bienne (the next phase of 
the same rescue program), J. Francuz presented a classification 
of tree-ring curves in four classes, based on their suitability for 
dating purposes (Francuz, 1987). Through the establishment of 
the tree-ring lab at Hemmenhofen in 1982, the author was imme-
diately confronted with a similar situation resulting from the pre-
dominance of young wood in the samples taken from the lake-
shore settlements at Lake Constance and from the bog sites in 
Upper Swabia. In particular, the large-scale excavation program 
at Hornstaad-Hörnle, with its regular enlargement of sample sets 
over years, allowed insights into the variability of young wood 
distributed in two main occupation phases (Billamboz, 2006) 
and this led to the development of dendro- typology. As support 
for visual matching, further observations, such as the proportion 
of sapwood or the degree of stem conversion, had been reported 
graphically on tree-ring curves (Billamboz, 1985). So, the tran-
sition from a “tree-ring curve typology” to a “typology of wood” 
was a natural consequence of the assemblage of dendro-groups. 
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This dendro-typological sorting also supported the identification 
of wood elements derived from the same tree. In the domain of 
the prehistoric pile-dwelling research, the core of each respective 
household is likely to have resulted from a single timber gather-
ing, rather than each household being the result of larger-scale 
wood resourcing, potentially making this task easier. On this ba-
sis, as illustrated in Hornstaad-Hörnle IB, building structures 
could be identified on the plan, providing insights into the build-
ing development of the villages (Billamboz, 1985, p. 136, with final 
presentation in 2006, p. 330). This was made possible by well rep-
licated dating of young wood with bark, implying a direct timber 
use from local sources.

Dated or not dated? Not a simple question!

Dealing with large variability amongst the samples, especially 
in the number of rings, cross-dating becomes difficult and there 
is no strict rule within the dendrochronological community de-
fining clear limitations in dendro-dating applications. Our so-
lution was to define three different levels of dating, according to 
the suitability of materials (Billamboz, 2008):

-  Dendro-dating at level A: independent dating with high sig-
nificant statistical correlations and clear graphical match. 
This level is concerned with high quality dating as defined 
only by the standard methods of dendrochronology and their 
intrinsic parameters.

-  Dendro-dating at level B: context-dependent dating. Results 
of lesser quality than in class A are supported by external in-
formation, e.g. cross-dating with other methods such as ra-
diocarbon dating, context given by archaeological evidence, 
architectural frame, historical sources or heteroconnections 
(that is cross-matches between species) derived from A-dated 
series.

-  Dendro-dating at level C: first tentative dating as a propos-
al for discussion with the partners of the operation. This le-
vel is generally concerned with very short tree-ring series, the 
lengths of which do not exceed 40 rings in our application or 
the tree-species lacking sufficient reference data or studies.

Today, computer techniques offer facilities for the visu-
al comparison of short tree-ring curves. For example, in 
Hemmenhofen, N. Bleicher (2009) initiated a process in which 
the curves are transferred to respective layers in a workspace in 
CorelDRAW®, which gives a good overview and perception of 
the different growth rates or trends. There are also possibilities 

for characterising the assembled curves and dendro-groups 
with different colours or line thickness. Moreover, further infor-
mation, such as wood cross-section, can be added to the graph, 
and finally draft figures for publication can easily be derived 
from the workspace.

Modelling dendro-typology

From the beginning it was possible to link dendro-typology ap-
plied to large sample series to forestry practices. Sorting wood 
and tree-ring series according to tree age and growth should of-
fer insights into the structure of the exploited stands. The initial 
models of woodland management with reference to historical 
forestry practices were outlined and presented in different ways 
with the help of triangles (Fig. 1 and 3) or cumulative growth 
curves (Billamboz 2006, p. 343):

-  A. Clearing. This model expresses short-term and intensive 
exploitation of dense forest interiors. Homogenous growth 
patterns with strong negative curve trend and reduced ring 
formation underline the density of the stand and the high 
concurrence between individuals. In oak, the stand densi-
ty is illustrated by low sapwood formation under reduced 
light conditions. Generally, the cutting phase spans only a 
few years. Smaller trees in the understorey are felled first, 
leading to strong positive growth reactions in the preserved 
canopy trees (the effect of increased light availability).

-  B. Coppice. In secondary woodland formations, coppice 
wood regenerates by vegetative propagation from the stools. 
Depending on silvicultural practices, two forms are known.

-  B1. Simple coppice. This is the most common form of cop-
pice, where all trees in an area are cut simultaneously, and 
the cutting areas are rotated. Coppice wood is characterised 
by a high initial growth rate, due to the nutritional poten-
tial of the root system. Synchronal pith years and a high pro-
portion of sapwood are other identification criteria. In dense 
stands, coppice wood will show a strong growth trend in re-
lation to a fast closure of the canopy.

-  B2. Selected coppice. In contrast to the first form, not all 
stems are cut from the stool at the same time, but individu-
al stems are selectively harvested in different cutting cycles. 
This leads to greater variability in trees and growth form and 
also loss of typical identification criteria, such as the same 
tree age. Nevertheless, this coppice form was certainly wide-
ly practised in prehistoric times.
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Fig. 1

Dendro-typological models in dendro-archaeology with reference to histor-

ical woodland practices. The assemblage of single tree-ring series with re-

spect to these models allows better insights into the structure of the exploit-

ed stands and a better understanding of woodland management in the past. 

The main definition criteria are: period length of felling activity and intensi-

ty of harvesting, distribution of age classes, relationship of radial growth to 

tree age (see triangles), growth trend and tree-ring width variations at differ-

ent frequencies, proportion of heartwood and sapwood by oak.
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-  C. Progressive thinning. This practice consists of selective 
harvesting over a longer period with progressive felling ac-
tivities from the understorey to the higher canopy layer. Con-
sequently, the woods harvested over a period of years have 
a staggered tree age, but a very similar growth trend. A fur-
ther characteristic is the length of the time covered by the 
felling activity. From its regular process over time, clearing 
effects are rarely encountered in the tree-ring series. Fur-
thermore, the number of cut trees decreases, together with a 
more intense stem conversion of big trees in the final stage 
of exploitation.

-  D. Thinning. This model denotes the presence of woods de-
rived from old-aged trees only, showing a high degree of stem 
conversion. Such a stage of woodland development should be 
seen as a consequence of a long period of settlement activity, 
coupled with woodland exploitation, and probably overgraz-
ing, limiting the potential of regeneration. Model characteris-
tics are: age classes limited to old trees, high stem conversion, 
and a high proportion of sapwood resulting from the favour-
able light conditions in thinned forests.

-  E. Coppice-with-standards. This model results from the 
combination of models B and D and represents a layered 
woodland structure with coppice in the understorey and ma-
ture trees in the canopy.

This model can be identified from cyclic disturbances and clear-
ing effects in the tree-ring series of the dominant trees as a 
consequence of coppice harvesting. It corresponds to intensive 
woodland exploitation, and consequently, should not be expect-
ed to be a common practice in the Neolithic period, but rather 
is more likely to be found from the Bronze Age onwards result-
ing from the development of metal technology.

Recent applications in dendro-typology

Settlement and woodland development during

the Neolithic lake-shore occupation at Sipplingen

Underlying dendro-typological applications at a local scale – e.g. 
for the Neolithic lake-shore sites of Hornstaad-Hörnle at Lake 
Constance (Billamboz, 2006) and for the well-defended bog site 
of Siedlung Forschner at Federsee (Billamboz, 2009b) –, ap-
proaches have been made at larger scales, providing insights 
into woodland development during the course of the Neolithic 
occupation at Lake Constance (Billamboz and Köninger, 2008). 
The continuation of this study now focuses especially on the 

Neolithic settlement complex of Sipplingen-Osthafen, within 
the framework of an interdisciplinary project addressing the 
question of settlement development, economic strategies and 
environmental change. The environment of Sipplingen, and its 
amphitheatre-like hinterland enclosed by geological faults in 
the molasse, is well suited for this task. This is particularly the 
case for dendro-archaeological purposes, where questions of 
timber supply can be addressed with respect to the zonation 
of the woodland vegetation from the riparian forest to the up-
per rock barrier.

The initial focus of this research was to define the settlement 
chronology on the basis of a corpus of more than 10,000 wood 
samples collected in underwater excavations and larger sam-
pling areas (systematic transects on the shore and selected pile 
field areas). To date, 3,432 samples have been measured, includ-
ing 3,372 oak samples, along with ash, alder, birch, beech and 
maple samples. High replication in the cross-dating process led 
to the identification of several settlement phases from 4000 to 
2400 BC. Depending on the surface excavated, some of these 
could be detailed in shorter building phases. At the same time, 
an attempt was made to link this chronology to the stratigra-
phy through the dendro-dating of wood specimens embedded 
in the archaeological layers. 

With reference to the settlement dynamic illustrated in 
Figure 2, woodland development and forms of timber supply can 
be outlined as follows. The beginning of the Neolithic occupa-
tion of the bay around 3910 BC is marked by the presence of two 
synchronous settlements S1 and S2 related to the Hornstaad cul-
tural group. Here, similar to the eponymous site of Hornstaad-
Hörnle IA, timber supply is characterised by the systematic use 
of coppice roundwood. Due to lack of evidence for any previ-
ous clearing, one may assume that the initial settlement did 
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Fig. 2

Settlement development, timber supply and woodland management dur-

ing the Neolithic lakeshore occupations of Sipplingen-Osthafen at Lake 

Constance. Left: settlement and building phases determined by the dendro-

chronological cutting dates (BC). Middle: settlement dynamics of the corre-

sponding villages based on the evaluation of the dendro-dated posts and on 

the extension of the archaeological layers. Right: comment related to build-

ing structures and woodland management. The latter is represented sche-

matically by an icon referring to the dendro-typological models of Figure 1. 

Both long woodland exploitation cycles corresponding to the respective oc-

cupations of the Pfyn and Horgen cultures are indicated with a grey bar.
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not begin on the shore, but probably in the hinterland. In S3, 
the dendro-dates are distributed between 3854 and 3824 BC, 
with three subphases of building activity around 3856, 3845 and 
3825 BC. This first Pfyn-culture occupation shows a high settle-
ment development, marked by a dense concentration of hous-
es parallel to the shore. A second core of occupation is probably 
to be found in the eastern part of the bay. Timber supply was 
obtained by extensive clearing activities, initiating a new cycle 
of woodland use. As indicated by three different patterns in the 
distribution of dendro-groups (trees showing a natural growth 
trend, trees affected by clearing at middle age and trees gener-
ated in the area of previous felling), these activities occurred in 
small patches, and this phenomenon is similar to Shugart’s gap 
theory model of woodland development (Shugart, 1984).

The S9 occupation, covering the entire eastern half of the 
bay close to 3700 BC, shows a high demographic development 
with more than 100 housing units. This building dynamic is ac-
companied by the systematic practice of coppicing. As also illus-
trated in the village of Hornstaad-Hörnle IB (Fig. 3), settlement 
development at this time leads to the extension of the formation 
of secondary woodland. In 3709 BC, the village was complete-
ly destroyed by fire. Forty years later, strong reduction of set-
tlement occurred, with relocation in the middle of the bay. We 
are here at the end of a long exploitation cycle. Old oak trees 
are used, probably the last remnants of a degraded woodland.

Between 3330 and 2980 BC, a similar long cycle of woodland 
exploitation of over 350 years can be reconstructed during the 
successive occupations of the Early and Middle Horgen Culture. 
This is, however, more typical of short duration exploitations 
and suggests several relocations of the respective vil lages. As 
before, this cycle started with clearing activities in phase S11, 
but subsequent developments show divergences from the pre-
vious example.

There is, in particular, less evidence of old-aged coppice in 
the intermediate period, but also an increasing use of old oak 
trees towards the end of the cycle. This phenomenon may high-
light more intensive land use than before, and more than sim-
ply woodland thinning. It is probably related to the develop-
ment of pig breeding, instead of just cattle rearing. According 
to the timber series from the synchronous shore-sites at Lake 
Constance, it appears that the woodland practice prevail-
ing here can be assimilated into a rough sketch of historical 
coppice-with-standards. 

After 3000 BC, an abrupt change occurred in both settle-
ment and woodland development. During over 60 years (2912–
2855 BC) of sustained felling activity, a replicated footbridge-
like building system with respective access from land and 

shore-parallel house rows toward the lake was established and 
repaired in nearly decadal steps in the western half of the bay 
(S15 and S16). In order to carry this out, regular systematic har-
vesting in the form of progressive thinning of the understorey 
occurred. Substantial changes in the landscape are also under-
lined by an increasing representation of pioneer, light-demand-
ing tree-species, such as birch and poplar, in the adjacent con-
structions of this settlement complex. However, the opening of 
the landscape is also demonstrated by the archaeo-botanical 
investigations indicating an increase in agro-pastoral activities 
(U. Maier, pers. comm.).

After 2700 BC, the Neolithic lake-shore settlement in 
Sipplingen Bay is represented only by two wave-like occu-
pations related to the Corded Ware Culture around 2660 and 
2420 BC. Noteworthy, these short-term occupations are charac-
terised by the use of old oak timber, showing great differences 
from the former raw stem material previously used. Low growth 
rate is combined with higher sensitivity, and specific wood ana-
tomical features showing an unusual early wood formation with 
single rows of rather round vessels. These criteria led to the 
identification of sessile oak (Quercus petraea), and the assump-
tion was made that these settlers no longer took the oak mate-
rial from the lower positions close to the settlement, but rath-
er from toward the upper limit of the hinterland at a greater 
distance, where sessile oak is still growing today, on the poor 
soils of the molasse grounds. This assumption is supported by 
dendro- ecological investigations of modern stands, highlighting 
the differences in the growth behaviour of both oak species (pe-
dunculate oak in the hardwood riparian forest near Radolfzell 
and sessile oak on the upper sites in Sipplingen; Laible, 1987). 
The relocation of timber supply to higher altitudes could reflect 
the degree of deforestation in the lower surroundings of the set-
tlement. Moreover, this phenomenon could be interpreted as a 
drought signal, with better competition of sessile oak against 
pedunculate oak under dry climatic conditions.
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Fig. 3

Example of the Neolithic lake-shore site of Hornstaad-Hörnle IB at Lake 

Constance showing the parallel development of demography and coppice 

practice along five building phases between 3586 and 3507 BC. Above: de-

velopment of the village summarised on three plans. Below, left: dendro-

typological distribution of the dendro-groups in triangle forms (coppice rep-

resented in red). Below, right: number of houses built each year within the 

different building phases.
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Woodland development during the

Roman period in southwestern Germany

As already seen for the medieval town of Constance (Spurk, 
1992), dendro-typology can be applied to timber series from 
younger periods. Recently, the dendro-dates of the Roman peri-
od have been compiled for the region in Baden-Württemberg, re-
flecting the different steps of colonisation between the Rhine at 
the Swiss border and the maximal northern extent of the Limes 
(Billamboz, 2009a). Applying dendro-typology based on the ar-
chaeological structures found in the context of both civil settle-
ments and military constructions, an outline of woodland devel-
opment during the two first centuries AD can be made. Clearing 
evidence appears particularly in the Rhine valley, which acted as 
the main operating line in the colonisation process. However, in 
the later occupation of the Neckar valley and the surroundings, 
natural old mixed oak stands were still to be found until about 
200 AD. Moreover, spatial correlations between dendro-groups 
allow a distribution in subregional entities, enhancing the pos-
sibilities of dendro-typology for the question of dendro-prove-
nancing (Fig. 4). A particular concentration of high correlations 
is found in the middle Neckar region due to the predominance 
of the more sensitive oak species Quercus petraea on the well-
drained soils of the Keuper. In the Rhine valley, a difference can 
be made between the oak woods taken in the more hydrophilous 
site conditions of the valley itself, and those felled closer to the 
foot of the Black Forest. In the moraine fields of Upper Swabia, 
the low degree of correlation is due to the loss of oak growth sen-
sitivity on the more compact soils of the moraine deposits.

Ecological aspects of dendro-typology

Linking dendro-typology to ecology is a basic approach of den-
dro-ecology, from which experiences and models can be partly 
overtaken in the dendro-archaeological application, especially 
for addressing questions of woodland management, dendro-
provenancing or environmental change. With regard to the lat-
ter, the following example concerns the effects of the cockchafer 
(Melolontha melolontha L.) and its reproduction cycles on wood 
production (growth reduction due to foliage damage at imago 
stage, growth release during the premature development in the 
following years). Soil temperature affects larval development, 
and the reproduction cycle in Europe embraces three-, four- and 
even five-year cycles within the eastward gradient of continen-
tality. In southwestern Germany at the transition between sub-
oceanic and continental conditions of climate, the distribution 
in space and time of the three- and four-year effects can reflect 
shifts in the development of the populations. These adaptations 

are not to be interpreted in a physiological, but rather in an eco-
logical sense, as a result of short-term reactions to environmen-
tal and climatic change. Timbers gathered in the wall of the me-
dieval town of Ulm show three-year-cyclic growth reductions 
between 1072 and 1090 AD with replication at Lake Constance 
on timber from Allensbach (Fig. 5 with further explanation in 
Billamboz, 2009c). Contrary to the latter region, the entire hy-
drographic system of the Danube and tributaries, including the 
area of Ulm, is characterised by the four-year-cycle of reproduc-
tion under continental climatic conditions (Welte, 1931). For this 
reason, the evidence of the three-year-cycle in Ulm can hard-
ly be explained by timber trade and rafting. Consequently, it 
appears more plausible to interpret the phenomenon in terms 
of climate and environmental change. After the cold period 
corresp onding to the Oort minimum of solar activity during the 
first half of the 11th century, a short warming appears in the fi-
nal decades of the same century, a flourishing period of city de-
velopment and landscape opening under the leadership of the 
Staufer lineage. It is also of interest to remark that, as observed 
in tree-ring series from different periods, young oak stands were 
particularly attractive for the cockchafer populations. For more 
recent periods, characterised by the development of more open 
land, tree-ring investigations report such effects in the context of 
old-aged oak stands, particularly on trees at forest boundaries. 

Future Prospects

Dealing with past reconstructions, standard methods designed 
for the evaluation of single tree-ring series (= DC-series) and 
chronologies for both ecological and climatological studies, 
should consider using dendro-typological methods at the same 
time. The following aspects need to be borne in mind in such 
studies. Dealing with large sample series showing a high degree 
of stem conversion, the assemblage of the single series into ho-
mogenous groups can reduce the over-replication of same tree 
groups. The problem of the pith estimate is also easier to solve 
than is given by analysis of cored samples. Working on discs, 
the pith is present on the majority of samples or can be easily 
derived from the individual diagnosis of woods converted from 
the same tree. If groups are then assembled with respect to cam-
bial age, dendro-groups can be virtually seen as representative 
trees of the stand structure. Furthermore, an initial compari-
son between cumulative growth curves of dendro-groups and, 
in the case of historical timber, single series, shows identical re-
sults. So, curves of dendro-groups could be directly involved in 
biological functions in the standardisation process. In the same 
manner, exploring the possibilities of direct detrending of the 
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Fig. 4

Exploring woodland development during the Roman period in southwest-

ern Germany by the means of dendro-typology and spatial correlations. 

Correlations between dendro-groups, which have been built close to the 

archaeological wooden structures of numerous sites, are represented by 

lines of different thickness after a method developed by G. Lambert (2006). 

The distribution of results show a decreasing gradient of correlations from 

west to east highlighting a shift to other climate and soil conditions. Best 

correlations can be seen above in the centre of the map, namely in the area 

of the Middle Neckar valley. This is due probably to the predominance of 

sessile oak (Quercus petraea Lieb.) on the well drained soils of the Keuper 

(Late Triassic). This area also corresponds to the last stage of Roman colo-

nisation in the middle of the 2nd century AD and at that time, was covered 

with deep canopy forests dominated by old oak trees.
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DG-series by the different methods (e.g. using the spline func-
tion as done by Bunn [2008] in the dplR package and/or corri-
dor method adapted from Lambert [2006]) may be carried out.

Taking DG as the basic unit for the evaluation of large sam-
ple series, it is possible to arrange the first assemblages in lar ger 
dendro-ensembles (= DE-series) in order to identify more com-
plex patterns in the stand structure and dynamics. Such ensem-
bles can also be involved in the dating process at a local scale. 
Another approach consists in portraying DG’s for the analog-
search in a reference system of known stand structures (first at-
tempts at typology of oak tree growth in Land, 2003). Within 

this perspective, tree-ring investigations of stands showing the 
tradition of ancient practices like coppicing (Badeau, 1995; 
Haneca et al., 2006) are needed. Furthermore, the dendro- 
typological application should largely benefit from recent ad-
vances made in dendro-ecology (studies related to phenology 
and cambial activity, social status in the stand or analyses of 
wood density and texture, e.g. distribution and size of vessels; 
Schweingruber, 2001; Payette and Filion, 2010).

Finally, it appears clear that dendro-typology is not meant 
as a limited method or closed system, but much more as an 
approach enabling the integration of further parameters. It is 
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Fig. 5

Ecological aspects of dendro-typology through the effects of the cock-

chafer (Melolontha melolontha L.) and its reproduction cycles on oak 

wood production: an example from the Middles Ages in southwestern 

Germany. According to the eastward gradient of continentality in Europe, 

this region represents a transitional situation between the three- and four-

year cycles of reproduction (map after Welte, 1931). As in Allensbach at 

Lake Constance (A), grouped oak tree-ring series from two sites in Ulm 

(B and C) show a characteristic tree-ring pattern with three-year cyclic de-

pression of growth between 1072 and 1090 AD (years of growth reduction 

due to foliage damage at imago stage with growth release during the pre-

mature development in the following years). The evidence of the three-

year reproduction cycle in the area of Ulm, which is normally affected by 

a longer cycle of four years under more continental conditions, could re-

flect short-term reactions of cockchafer populations to environmental and 

climatic change (amelioration of climate accompanying the development 

of the city of Ulm and landscape opening in the period following the Oort 

solar minimum during the first half of the 11th century).
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above all a suitable approach for dating purposes, particularly 
in the case of short tree-ring series. For the identification of the 
building structures and the history of construction, the applica-
tion of dendro-typology is recommended close to the archaeo-
logical or architectural context. From these assemblages, it is 
possible to address the question of timber supply and woodland 
management. In the same manner, dendro-typology could be 
a key in the question of dendro-provenancing at local and wi-
der scales. Furthermore, by investigations of large sample sets, 
dendro-typology can be used as a background for a better eval-
uation of tree-ring data from a palaeo-ecological and palaeo-
climatological perspective, particularly for the interpretation of 
abrupt growth changes at middle frequency and a better distinc-
tion of such growth variations caused by climate or biotic fac-
tors. From this perspective, the deciduous forest interiors of mid-
west Europe, along with the long-lasting human influence on 
their development, represent a marvellous field of application.
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Preventive archaeology and dendro-
chronology. A parallel development in 
northeastern France

Summary

In this paper, we argue that the rapid development of preventive 
archaeology in Champagne and Lorraine has led to productive 
growth in dendrochronology, whereas traditional wetland ar-
chaeology played no role in such development.

Certain types of archaeological sites, features and periods, 
once considered very rare, now appear, after years of preven-
tive archaeology, to be quite common. As a result, timber from 
hundreds of very different sites providing waterlogged features 
could be studied. The scientific outcome of these analyses is 
enormous and concerns many different subjects. The most im-
portant, documented here, is the establishment of references 
from the late Ice Age to the present for settlement history, wood-
land use and architecture.

Introduction

Preventive archaeology and dendrochronology are different dis-
ciplines with generally little overlap. Preventive archaeology ex-
plores those parts of the landscape that will be destroyed or af-
fected in the course of urban development in the near future. 
This primary field of archaeology, studying large areas cho-
sen by developers, is fundamentally different from more tradi-
tional archaeology, which is based on a very selective approach 
of non-representative sites. Dendrochronology is a method of 
dating based on patterns of tree-ring series. Research into ar-
chaeological wooden remains featuring the interaction of men 

Willy Tegel
Institute for Forest Growth (IWW), University of Freiburg, Freiburg, Germany

Jan Vanmoerkerke
Regional Archaeological Service (DRAC/S.R.A.), Châlons-en-Champagne, France

Key words  wetland archaeology / dendrology / dendro-archaeology / woodland use /
          wooden architecture

and woodland in the past as well as analyses of woodworking 
techniques is also referred as dendro-archaeology (Tegel and 
Vanmoerkerke, 2008).

The rapid development of preventive archaeology over the 
past two to three decades has resulted in great benefits for den-
dro-archaeology and vice versa. The recent acceptance of pre-
ventive archaeology within the archaeological community and 
increased familiarity to the general public was partly achieved 
by the numerous annually-precise dated wood remains. At the 
same time, such dendro-archaeological results were only possi-
ble due to the enormous improvement in preventive archaeology.

We will demonstrate this for two presumably “dry” regions 
from eastern France, Champagne and Lorraine, which are tra-
ditionally seen by dendrochronologists as poor regions since no 
“wetlands” with pile-dwelling sites were known. Within the last 
two decades, with the development of systematic preventive ar-
chaeology, it has become increasingly clear that wetland archae-
ology has begun to fill a secondary role in the development of 
dendro-archaeology.

Preventive archaeology in 
Champagne and Lorraine

Construction work for roads, railways, buildings, quarries, etc., 
covers around 2,000 ha of terrain each year within the regions 
of Champagne and Lorraine. These widespread construction 
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activities have led to the discovery of several hundred archaeo-
logical sites every year (Vanmoerkerke, 2005). After years of in-
tensive lobbying, public campaigns, legal battles, striking, etc., 
the regional archaeological services of the Ministry of Culture 
succeeded in making it a legal requirement that all permits for 
new construction be submitted to them prior to any decision. In 
the 1980s, the way in which this process was handled was a sort 
of blackmail (no [financed] excavation, no permit) but from the 
1990s onward and definitively in 2001, strong legislation con-
firmed the “polluter pays” principle in archaeology.

The Sites and Monuments record (“Carte archéologique”) 
and traditional survey methods (fieldwalking, aerial and geo-
physical survey, etc.) were revealed to be inefficient in detection 
(maximum 10% of all sites, in some landscapes less than 1%) 
and ineffective in describing sites for the 2,000 ha annually de-
veloped. Hence, there was a strong need for a method capable of 
detecting and describing the sites. Trial trenching (Fig. 1), open-
ing up 5 to 15% of the surfaces of all projects, was introduced in 
the middle of the 1980s in Lorraine. This method was demon-
strated to be effective in the detection (more than 90%) and in 
the description of sites. In this way, some 30,000 ha have been 
studied in Champagne and Lorraine in recent decades.

This method of trial trenching resulted not only in the de-
tection of many sites; a whole new range of types of sites was  

discovered and excavated. One of the specific characteristics of 
such new sites presented here is the presence of waterlogged 
features (e.g. wells), which were previously rare or completely 
unknown. Moreover, previously underrepresented periods (e.g. 
Early Middle Ages) are now much better documented.

The investigation of all these sites on a very extensive scale, 
often more than one ha and up to 20 ha, further necessitated 
that new excavation methods be applied. Such methodological 
needs had to respond to the new research abilities and subse-
quent objectives. Traditional manual excavation was extremely 
selective and far too slow for these large areas. The need to have 
an overall view and to excavate all sites and structures led to an 
intensive mechanisation of excavation work. This mechanisa-
tion produced many “secondary” effects that were not foreseen 
and are still the subject of difficult discussions today.

One of these is the unintended and new discovery of many 
features which were dug very deeply into the ground, which 
were never seen, and certainly not excavated, before. Wells are 
the most “symptomatic” novelty of this new mechanised ar-
chaeology. Not so long ago, some archaeologists believed that 
prehistoric (and historic) peoples accessed water at local rivers 
or springs. Archaeological excavations of wells have revealed 
that they have existed during all periods since the Neolithic and 
have provided hundreds of timber samples. These do not only 
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Fig. 1

Trial trenching at Parc Logistique, Buchères (Aube Department). With this 

survey and evaluation method, more than 90% of sites can be detected, 

in all circumstances and in all landscapes. The evaluation of the potential 

for excavation is generally good, with some difficulties for funerary re-

mains. © Y. Desfossés
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allow dendrochronological dating, but also renew our knowl-
edge of prehistoric construction and woodworking techniques. 
Before such mechanised archaeology, no information concern-
ing certain types of structures and/or epochs (e.g. wooden posts 
from the end of the 4th millennium BC) was available.

Other features, more or less directly linked to water, have 
also been very important for research. Bridges, quays and ba-
sins are other examples of the potential of the increased number 
of new sites. The most familiar structures are posts. Their con-
servation is not consistent, but dozens of sites yielded posts that 
could be dated using dendrochronological techniques. The re-
sults of studies of these posts contribute much more than dates 
and, in fact, help to address fundamental aspects of history 
(Fig. 2).

A whole range of other archaeological structures has revealed 
the presence of wooden structures and artefacts. The more spec-
tacular examples are water well constructions and objects found 
in their fill (Fig. 3).

Dendro-archaeology in
Northeast France - An overview

Over the last 20 years, more than 6,000 samples obtained from 
over 500 sites have been dendrochronologically analysed. Most 
of these are the result of archaeological excavations, but some 
samples have been recovered from old buildings. Living trees 
have also been sampled. These samples cover a continuous se-
quence from 1500 BC to the present (Tegel et al., 2010). For 
the older periods, some archaeological samples from the Late 
Neolithic and Early Bronze Age have been dated, but have not 
yet been definitively combined in a reference chronology (Fig. 4).

For the earlier part of the Holocene, and even for the end of 
the late Ice Age, many samples have been collected from sub-
fossil trees. Some 500 oak trees have been recovered from quar-
ries and public works. Most of these cannot be directly dated 
and several dozen radiocarbon dates were obtained to approxi-
mately situate these trees chronologically. The oldest oaks date 
from 7696 BC and from this date on, every millennium is docu-
mented by at least some of these trees. The whole period is prob-
ably represented in the database, but it is not yet possible to 
combine the data into a complete timeline. Regardless, this ref-
erence is in a very advanced stage for the last five millennia and 
in coming years, the remaining gaps should be filled. 

Additionally, we recently found dozens of pines from the late 
Ice Age and Preboreal periods (Fig. 5). For the moment, an initial 
series of radiocarbon dates seems to indicate that most of these 
samples date to two phases: around 11,000 and 10,000 BP, during 

the Allerød, the Late Dryas and the Early Preboreal periods.
Given the enormous sample size, the diverse origin and the 

long range covered, this reference chronology is the most ad-
vanced in France and one of the best-documented in Europe. 
Nevertheless, sufficient sample replication has been achieved 
only for the past 2,500 years.

For the Late Iron Age, Roman and Early Medieval epochs, 
some scientific aspects have been developed. The most impor-
tant of these are settlement history, architecture from the Late 
Iron Age and forest history.

Settlement history

Over the past two decades, the excavation of hundreds of new 
settlements has led to the discovery of numerous wells, build-
ings, etc., which have been dated dendrochronologically to the 
Late Iron Age and to Roman and Early Medieval periods. The 
importance of these data for classical settlement analysis is ob-
vious, but another potential use of these dates is often under-
estimated. The combination of all construction data in a given 
region clearly indicates short phases, and even years, of mas-
sive construction and also phases with a total absence of con-
struction (Fig. 6).

These interruptions between construction phases can be in-
terpreted as major crises with different possible origins. An in-
teresting example is the period before the Gallic wars. Before the 
war, from 70 BC on, the number of construction activities de-
clines and, after the war, from 50 BC on, there is a remarkable 
increase (Fig. 6). In this way, dendrochronological dates shed 
new light on a fundamental issue of Late Iron Age studies. Was 
the war simply the last episode of a larger crisis, persisting since 
70 BC? Alternatively, after 50 BC, was there what appears to be 
a period of stability and new economic growth?

Felling activities can be detected annually between 50 BC 
and 200 AD. On the contrary, for the transition period from 
the Roman era to the Early Middle Ages, dendrochronological 
data are rare due to the paucity of archaeological timber finds. 
Hence, the regional chronologies show low replication for this 
time period (Fig. 6). For the time around 250 AD, only a few 
felling dates can be detected dendrochronologically.

There is no dendrochronological evidence for timber con-
structions in the 5th century AD in the northeast of France, as 
well as in the rest of central Europe. From the middle of the 
6th century AD, building activities again started to increase 
nearly reaching the level of the Roman era in the 9th centu-
ry AD. The dendro-archaeological record seems to correspond 
with historical data.
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Fig. 2

House plan with inclined posts from the Late Iron Age. © C. Laurelut

Fig. 3

Water wells and objects from the infill of the Roman town at Troyes (Aube Department). © W. Tegel

A  Wine barrel with fir and spruce staves, reused as well surround.

B  Well surround made in interlocking construction technique.

C  Turned boxwood painted and ornamented box from a well infill.

D  Boxwood comb from a well infill.

E  Fir stylus tablets from a well infill.
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Fig. 4

A  Examples of dendrochronological wood sources.

B  Location of sampling sites.

C  Temporal distribution of samples.

© W. Tegel

Fig. 5

Cross-section of a Preboreal pine (Pinus spp.) from gravel quarry at Pont-

sur-Seine (Aube Department). © W. Tegel
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Woodland use

Dendrochronological parameters (tree age, dimensions and an-
nual growth rate) provide an insight into the structure of the ex-
ploited forest and furthermore into special forms of woodland 
management and woodland change. Over time, certain periods 
of timber shortage, in connection with the use of degenerate 
woodland and poor quality timber, are discernable.

North of the Alps, throughout the period of Roman occu-
pation during the first century AD, woodland exploitation in-
creased considerably. Roman activity, both military and civil-
ian, intensified wood source demand. This fact makes it even 
more surprising that our wooden finds indicate no shortage of 
wood resources. Compared to the Late Iron Age, Roman timber 
is of similar if not better quality (Fig. 7). Old oak trees appear 
to have been readily available and were systematically targeted 
and exploited by wood craftsmen. An improved infrastructure 
probably enabled more effective use of the forests, which were 
further away from settlements and facilitated long- distance 
wood transport. It is not until the middle of the 3rd century AD 
that some wooden structures indicate the use of timber from 
young trees with high growth rates from open forests, implying 

an increasing shortage of quality timber. Posts from the river-

bank supporting structure in Metz (Boulevard Paixhans) pro-
vide clues to a “coppice-with-standards” woodland manage-
ment system (Rohmer and Tegel, 1999). This form of forest use 
was probably a reaction to gradual wood shortage.

The process of disintegration of the Roman Empire began in 
the 4th and culminated in the 5th century AD. This time of tran-
sition is considered a period of economic and political instabil-
ity and, indeed, there are no archaeological timber finds dat-
ing to the 5th century AD. Over the span of two hundred years, 
a decrease in population resulted in a similar decline in tim-
ber demand. 

There are indications of woodland expansion over a wide 
area of central Europe (Kaplan et al., 2009). It becomes appar-
ent that intensive exploitation of woodland was followed by a 
200-year period of regeneration between 300 and 500 AD. Late 
Antiquity was as difficult for man as it was regenerative for 
woodlands. While population and colonisation were in decline, 
woodlands recovered, at least on some of the floodplains. In the 
valleys of the Rhine, Seine and Marne, many sub-fossil oaks 
from the 6th and 7th centuries have been salvaged from quar-
ries. These oaks probably come from hardwood alluvial forests 
which grew along the banks of the rivers.
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Fig. 6

A  Felling dates.

B  Distribution of tree-ring series from 500 BC to 1000 AD.
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It was not until the formation of Merovingian and Carolingian 
powers that an increased clearing of woodlands and a height-
ened demand for wood as an important resource is again no-
ticeable in the record.

In the Carolingian period, timber use changed considerably. 
Prior to this time oak had been favoured and used as timber. As 
early as the 8th century, beech wood was used for wells, mills and 
implements (Fig. 8) (Tegel and Peytreman, 2010). This is note-
worthy as beech is only barely suitable for construction. In water-
logged conditions particularly, this wood type has low durability.

Wooden architecture from the later Iron Age
and Early Roman period

The importance of dendrochronological dates for analysing set-
tlement plans and recognising complex ground plans of build-
ings in groups of posts is largely known. In some cases, the con-
tribution of dendro-archaeological studies is moreover essential 
for the reconstitution of the architecture of these buildings.

In the later Iron Age and Early Roman period, a building 
type with four or six massive posts and some less well-preserved 
posts or planks from the entrances and the walls was very com-
mon in eastern France (Laurelut et al., 1999; 2002a; 2002b; 
2004a; 2004b; 2007). Traditionally, these massive posts have 
been interpreted as the framework of a wooden building, ris-
ing to and supporting the roof. Dendrochronology shows that 

these posts with wide rings were cut from fast growing trees un-
der open conditions, with short trunks not more than five me-
ters long. Moreover, the tree ring pattern showed that two or 
more of these posts came from the same tree, proving that these 
deeply founded posts did not reach very high above the ground 
surface (less than two meters) and certainly do not support the 
roof (Laurelut et al., 2007). This fundamental idea is also sup-
ported by a special characteristic of some of these buildings 
with inclined massive posts (Fig. 1), confirming the impossibil-
ity of a classical “earthfast post” architecture, with rising posts 
sustaining the roof.

These entirely new architectural hypotheses not only define 
new building types. They strongly argue for an early transi-
tion from earthfast post construction to postpad building and/
or timber framing (Fig. 9). This transition, traditionally situat-
ed in the Augustan period or somewhat later, should be dated 
before the beginning of the Roman period, probably at the be-
ginning of the 2nd century BC, some two centuries earlier than 
previously thought.

Conclusion

The rapid development of dendrochronology in Lorraine and 
Champagne is intimately related to the exponential growth of 
preventive archaeology. Traditional wetland archaeology plays 
no role in this change.
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Fig. 7

Comparison of average growth rate and segment length of each tree-

ring sequence between the Late Iron Age and the Roman Era in north-

eastern France.
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Fig. 8

Early Medieval mill (840 AD) from Audun-le-Tiche (Moselle Department). © J. Rebmann

A  Segment of a mill wheel made of beech.

B  Float from a mill wheel made of beech.

C  Thumb sketch of the mill wheel.

Fig. 9

Late Iron Age and early Roman architectural model, dominant in western 

and central Europe. © V. Gareneaux, J. Vanmoerkerke

A  Classical excavated ground plan with four massive posts and possibly 

some small posts or ditches indicating the entrances and the walls.

B  Dendrology shows that these massive posts are very low, near to the 

surface and less than two meters high. After 70 BC, these posts are 

regularly inclined along a longitudinal or central axis.

C  These massive posts support a sort of frame. We can only guess at the 

nature of the timber framing architecture above it, but these buildings 

are probably much higher than the traditional earthfast post buildings.
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The systematic approach of preventive archaeology, working 
in all types of landscapes and sites, as well as its mechanisation, 
has led to the discovery of many sites with wet structures. The 
nature and the date of these structures are often completely new. 

The scientific outcome produced by these new and abun-
dant study sites is quite diverse and far from being exhausted. 
The most advanced themes are the creation of a reference from 
the Later Ice Age to the present, and the analysis of wooden ar-
chitecture, settlement and forest history. Compared to other re-
gions, the Iron Age is especially well-represented although all 
other periods are also documented. 
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From the Late Bronze Age
to the Roman Period:
dendrochronology, archaeology and history

Summary

The first section of this paper discusses the contribution of den-
drochronology to the chronology of the Iron Age in temperate 
Europe, the controversial debates it has provoked for over 30 
years (and continues to provoke), and recall briefly the funda-
mental changes it has made to our understanding of the devel-
opment of the Iron Age, in conjunction with and sometimes in 
opposition to, the traditional methods of cross-dating and the 
use of dates supplied by historical data. The second section de-
velopes some of the main points by focusing on a series of recent 
examples taken mostly from Germany and Austria as far as the 
Early Iron Age is concerned (from Wehringen to Dürrnberg by 
way of Heuneburg), some of which are still open to discussion. 
For the Late Iron Age, through examples drawn from the Swiss 
plateau, we illustrate the dialectical confrontation between the 
dates yielded by dendrochronology and those given by archae-
ology and history (e.g. palisades and rampart from Yverdon, 
rampart from Mont Vully, bridges in the region of the Three 
Lakes, notably from the La Tène site). The contribution of den-
drochronology to the chronology of sites and monuments from 
the Roman period, their conformity (or lack thereof) with his-
torical dates will be dealt with through examples drawn from 
Gallo-Roman Helvetia (especially Aventicum-Avenches, mau-
soleums, wall, mills). We argue that if there is a problem with 
the correlation between dendro- and archaeological dates, the 
solution must be found in archaeo-historical interpretation de-
spite the power of the models elaborated over the past 150 years.

Introduction

This brief exposé will highlight, through a few examples, the 
fundamental contribution of tree-ring investigations to the 
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work of prehistorians and Antiquity specialists in the past 30 
to 40 years. We shall mention examples from the Late Bronze 
Age, the Iron Age and the beginning of the Roman Period cho-
sen mostly from the western area of the Swiss plateau.

Switzerland, thanks to its pile-dwellings, but also to its high-
ways whose constructions have led to the organisation of res-
cue excavations, has played an important role in the develop-
ment of dendrochronology applied to archaeology, in the wake 
of pioneers from southern Germany and its first uses in the 
eastern part of Switzerland in the 1950s (Egolzwil 3, Thayngen-
Weier, Zug-Sumpf) and at Burgäschi in the canton of Bern.1 
Beginning in the mid-1960s, large excavation sites on the banks 
of Lake Neuchâtel, and later Biel Lake, would contribute deci-
sively to the development of dendrochonological research fol-
lowing work done in Zurich. Together with the significant accu-
mulation of measures concerning the Neolithic and Bronze Ages 
by the lakes, a few rare samples found on sites from the Iron 
Age and the Roman Period were added along the way to the da-
tabases of various emerging laboratories (Lambert and Orcel, 
1977; Schweingruber and Ruoff, 1979; Becker et al., 1985).2

Chronology is of course the archaeologist’s first and indis-
pensable data, enabling high-level interpretations. What we are 
interested in here are less the results (the dates) than the way 
these biological dates were received, understood and used by ar-
chaeologists in their attempts to reconstruct historical processes. 
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1. For an initial survey concerning Switzerland, see Huber, 1967.

2. These few references will enable the reader interested in the history of 

recent research (a generation at best) to reconstruct the “prehistory” of 

the beginnings and the development of dendrochronology in Switzerland.
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It is clear that the progressive adjustments of the chrono-
logical frameworks, up to the mid-1980s, has led to confusion 
and skepticism for many archaeologists faced with “absolute” 
dates which were subsequently corrected several times (about 
70 years were thus added to the emblematic site of the Early 
Iron Age chronology, the Magalenenberg).3

The end of the Late Bronze Age 
and the beginning of the Early Iron Age

It took archaeologists quite some time to “digest” these absolute 
data and reason correctly on the basis of the dates supplied by 
dendrochronology: in the region of the Three Lakes, for exam-
ple, from the most recent dates of tree-felling in pile-dwelling 
environments – which yielded the date 847 BC (e.g. Hochuli et 
al., 1998). Without going into detail or quoting specifically from 
the various publications, let us simply recall that the end of the 
Late Bronze Age was thought to be situated around 850 BC, 
through the erroneous merging of three concepts: 1) the aban-
donment of the pile-dwellings, 2) the end of the Late Bronze 
Age, and, especially, 3) the measurement of the last felling date. 
The occupation phase corresponding to the “last” oaks meas-
ured should at least have been taken into account (e.g. Mohen 
and Eluère, 1999, p. 110).

As a matter of fact, more recent dates were obtained later on, 
in Lake Geneva and especially in nearby France, by Lake Bourget 
in 1990: up to 814 BC (then 813 BC) at Chindrieux-Châtillon, 
and today up to 805 BC at Tresserve-Le-Saut in Lake Annecy.4 
Therefore, with 805 BC we are already (and this for several gen-
erations according to the typochronology of archaeological ob-
jects) and, above all, we are still in a cultural environment from 
the last phase of the Late Bronze Age (Hallstatt B3 or Ha B3).

Concerning the Bronze/Iron Age transition, the oldest date 
associated to elements from the beginning of the Iron Age 
(Early Ha C) was published in 1995: 778 ± 5 BC. It corresponds 
to the time when the oaks used in the construction of the fu-
neral chamber for the chariot tomb of tumulus number 8 at 
Wehringen in Bavaria were felled (Hennig, 1995; Friedrich and 
Hennig, 1996). It was thus agreed that the Ha B3/Ha C tran-
sition took place around 800 BC or shortly thereafter, give or 
take one generation.

But even with the dates obtained with the pile-dwellings, 
moving back the beginning of the North-Alpine Iron Age 
(Ha C) was difficult to accept for many archaeologists before 
the Wehringen publication, so heavy was the weight of a tradi-
tion based on typochronology and cross dating. Let us remem-
ber that Ha B3, after H. Müller-Karpe’s impressive demonstra-
tion in 1959, which ranged from southern Italy to the north of 
the Alps, was limited to the 8th century BC. The same year, this 
date was “confirmed” for the Early Iron Age by Kossack who ar-
gued that the beginning of Hallstatt C took place “in das letzte 
Viertel des 8. Jahrhunderts bzw. in die Zeit um 700” (Kossack, 
1959, p. 56; Kossack 1970, p. 119), an interpretation taken up in 
1970. In 1970 also, Kilian, using other arguments, considered 
that the beginning of Ha C could not be dated before 700 BC, 
“nicht vor 700 v. Chr.” (Kilian, 1970, p. 83).

The questioning of dating techniques, the search for flaws in 
the classical typochronological reasoning and the use of cross-
dating stretched out over vast areas, together with the recogni-
tion of doubts voiced by classical archaeologists themselves over 
the use of historical dates (the foundation of Greek colonies in 
Italy, for instance, with which archaeological elements had been 
associated too soon), contributed to unsettling the certainties of 
quite a few scientists for many years. Uncertainties were appar-
ent in several published works until very recently.5 As we have 
seen, the question is now settled.

The end of the Early Iron Age

The transition from the First to the Second Iron Age has been 
the subject of similar debates and fluctuations over the span of a 
century (the 5th century BC) depending on the interpretation of 
the importations from the south. The question again arose when 
dendrochronological dates were published, namely the use by 
archaeologists of the date at which the trees which went into the 
last burnt door (Ia period) of the famous Heuneburg in Baden-
Württemberg were felled: for some, this event corresponds to 
the last Hallstatt phase (Ha D3), for others, on the basis of a 
few typological elements (in particular brooches), to the begin-
ning of La Tène (LT A).

It should be recalled that the date 520 ± 10 BC is given “mit 
hoher Sicherheit” (with great certainty) by dendrochronologists 
(Friedrich, 1996, p. 179)6, without sapwood however, and must 
therefore be considered as a terminus post quem, by taking into 
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3. From Hollstein (1972) to Billamboz (2008), by way of Friedrich (1996), 

Friedrich and Hennig (1996). On this subject, see Spindler, 2004.

4. Billaud and Marguet (2009), with recently confirmed Iron Age settle-

ments. For Lake Geneva, see Tercier et al., 1999.

5. Cordier (2009, p. 11), whose writings span several decades, however.

6. For a detailed account, see Krausse, 2006, p. 84 ff.
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account a part of approximation assumed by the archaeologists 
in their interpretation which is impossible to evaluate.

The “literal” dating by some researchers of the Hallstatt/La 
Tène transition around 500 BC or even earlier, leads to impos-
sible situations, in particular in the concordance with the dating 
of Attic ceramics (unless one is prepared to challenge the whole 
system of classical archaeology). Methodological inconsisten-
cies are in this case rather to be blamed on the archaeologists.

At the Dürrnberg near Hallein, the 2005 publication of the 
excavation of two graves in 2000 was especially remarkable for 
the presence of dendrochronological dates: the funeral chamber 
of grave 352 (the most recent) was built with wood cut down in 
446 BC. Since the person buried wears a Fusszierfibel (brooch 
with ornamented foot) which is characteristic of the Ha D3, 
the consequences were immediately extended to the “überre-
gional” (supraregional) level by placing the Hallstatt/La Tène 
transition between 460 and 440 BC (Sormaz and Stollner, 2005, 
p. 370). To be sure, other arguments exist to corroborate this in-
terpretation. But is one brooch enough to supply an “unques-
tioned terminus post quem at 464 BC for the end of Ha D3” 
(Krausse, 2006, p. 95)? Who was this man, who incidentally 
wore a birch bark hat one would rather have dated back two or 
three generations, as in Hochdorf? It is clear he was buried in 
a chamber built in 464 BC or shortly thereafter. It is also clear 
that he was an adult (how old?) who wore an Ha D3 brooch. But 
to jump to the conclusion that we are still in Ha D3 in 464 BC 
is methodologically difficult to justify, no matter how sound the 
proposed date may be.

Let us also mention the surprise of the archaeologists who 
were given the dates of the wooden posts attributed to the Desor 
Bridge of the La Tène site (canton of Neuchâtel): the middle of 
the 7th century BC “entre 660 et 655 av. J.-C. (dates optimales)” 
(Gassmann, 2007, p. 84). For a bridge that had been until then 
considered to be Gallo-Roman, this certainly raises questions; 
all the more so since a contemporary archaeological horizon 
was identified and partially excavated (Reginelli Servais, 2009).

Middle La Tène Period

The dates obtained by Hollstein in Trier in 1970, for a LT C1 
shield which was part of a tree cut down in 256 BC7, were 
quickly adopted by a number of La Tène specialists for whom 
these dates corroborated their own theories of the LT B2/C1 

transition, of typological developments and of the artistic ex-
pression of the so-called Plastic Style. They contributed to “con-
ditioning” research by setting back the accepted chronologies 
for the 3rd and 2nd centuries BC. These dates were later found to 
be too old by about 30 years. They were corrected in 1980, set 
around 229/228 BC (Hollstein, 1980, p. 78)8, and then again in 
2007, with a “date d’abattage située vers 225 av. J.-C.” (a fell-
ing-date around 225 BC; Gassmann, 2007, p. 82). If this second 
(and let us hope, final) shift of a few years is without conse-
quence for the shield, made from two boards from a single tree 
over 150 years old, with an iron shield boss (umbo) typological-
ly characteristic of the LT C1, the fact that the bridge itself has 
not been dated by any constructive element is more embarras-
sing since that date is present and repeated in many published 
works.9 Despite these methodological approximations, the chro-
nology of the Middle La Tène period has been generally accept-
ed following the late 1970s adjustments (Haffner, 1979).10

Late La Tène Period

For the Late La Tène, confined to the 1st century BC until the 
1980s, changes tending toward an aging of the sequence, in spite 
of the chronological space opened up by the “time travel” of the 
Middle La Tène Period, have been harder to admit for some, be-
cause of the powerful resistance induced by historical and nu-
mismatic traditions.

Let us take the example of Yverdon-les-Bains (canton of 
Vaud) at the western tip of Lake Neuchâtel: the dates reached in 
1983/84 for constructions of the Late Iron Age, and the archaeo-
logical objects with which they are associated have spurred pas-
sionate debates about chronology.

Here is an anecdote about a group of ceramics (unfortu-
nately without brooches, the most representative typological el-
ement of the La Tène Period). Over 25 years ago, a distinguished 
professor visiting with his students submitted to us the follow-
ing demonstration: 1) this so-called horizon before 161/158 BC 
(Curdy and Klausener, 1985) contains painted ceramics; 2) but 
painted ceramics are characteristic of the Late La Tène; 3) and 
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7. Dates received at the last second and published by DeNavarro, 1972, 

p. 354.

8. Sample no. 6.

9. For example, Kruta (2000, p. 837), with the date 251 BC (278 ± 6 BC 

in De Navarro, 1972, p. 254). There is, however, no doubt in our mind that 

the bridge, at least in one phase of its construction, is contemporary with 

most of the important finds, i.e. from a late LT C1 moment at the end of 

the 3rd century BC.

10. See Krausse (2006) for a detailed historical overview.
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the beginning of LT D cannot be situated before the very end of 
the 2nd century BC for historical reasons; 4) therefore, the den-
drochronological dates are erroneous!

How far we have traveled since, thanks to dendrochrono-
logy. The beginning of LT D is now situated for most researchers 
around 150 BC (although we still have to agree on the typologi-
cal arguments on which this definition is based)11; and moreover 
painted ceramics can be found in the area as early as the first 
half of the 2nd century BC (at the end of Middle La Tène, LT C2).

Here is another example from Yverdon. Besides the dendro-
chronological dates obtained for the construction of the defen-
ses of the Yverdon-les-Bains oppidum during the Late La Tène, 
in 82/81 BC (Fig. 1), for instance, the presence of older palisades 
from the last decade of the 4th century BC (a date given with 
reservations) which were not spotted by looking at the archae-
ological objects, leads one to ponder the presence of such set-
tlements: indeed a few metallic elements of the 4th century BC 
(which have been interpreted so far as remains of upturned 
graves) no doubt illustrate such situations in which remains 
have been totally dislodged by erosion. This certainly changes 
the proposed interpretation of the history of the site (Brunetti 
and Weidmann, 2008).

In Geneva, the construction site of the harbor, which began 
in 123 BC, matches events certified by history which point to 
the Allobroges’ submission in 121 BC. Archaeological, dendro-
chronological and historical considerations should be pursued 
and the ball is now in the archaeologists’ camp (Bonnet, 2002).

Here is another example of reasoning which has been estab-
lished by dendrochronologists and taken up by archaeologists: 
at Mont Vully (canton of Fribourg; Fig. 2), observation of for-
est regeneration in the surroundings of the oppidum, attested by 
the study of the wood used in the construction of bridges dur-
ing the Roman Period (between 6 BC and 129 AD) on the riv-
er Broye flowing at the bottom of the hill, shows the exploita-
tion of a forest identified by a coherent dendro-typo-ecological 
group. The regeneration of this forest implies the trees were cut 
down in 124 BC or shortly before. Thus dendrochronology (in a 
broad sense) offers an indirect means of dating elements which 
archaeologists then confront with their own data. In this situa-
tion, there is compatibility.12

A brief insight into the Gallo-Roman world

The unearthing of mausoleums in the vicinity of Aventicum 
(Avenches, canton of Vaud), during the construction of a high-
way at the end of the 1980s, represents a major discovery. 
Furthermore, the base of these more than 20 meter-high lime-
stone monuments rests on oak posts used to consolidate a wet 
and sandy soil. The dendrochronological dates suggest a termi-
nus post quem which enables us to situate the construction of 
the first mausoleum during the reign of Tiberius, around 25–
30 AD, while the second was built around 45 AD (Flutsch and 
Hauser, in press). Confrontation with data supplied by compar-
isons specific to stylistic analysis of the sculpture and architec-
ture was initially the subject of intense debate before the new 
dates were gradually accepted by specialists. However, with-
out these dates and according to the criteria of art history con-
cerning sculpture or architecture, these mausoleums would have 
been, at best, declared to belong to the Flavian period (or even 
Trajan), many decades later, and put in relation with the rise 
of Aventicum to the status of colony, the construction of the de-
fense walls, and the development of the Helvetii capital.

Incidentally, the walls of the Roman capital are perfectly dat-
ed by dendrochronology since hundreds of posts in the north to-
wards Lake Murten come from oaks which were felled between 
72 and 77 AD. In 2008, a preventive dig unearthed 265 posts 
over a mere 12 square meters which were felled in the spring of 
76 AD and placed in the autumn of the same year (Fig. 3; Blanc 
et al., 2008). Some were kept for future museum exhibits; others 
were sampled for further analysis. In this context, since the date 
is known, with the exception of older recycled wood or renova-
tions, what is left to study is the whole relation to the forest, the 
growth of the trees and their economic management.
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11. If we follow the chronology developed mostly in the middle Rhine re-

gion or Luxembourg. A summary of the debate can be found in Krausse, 

(2006, p. 97 ff.), who adopts a different point of view.

12. Orcel et al., (2003, p. 242–245), a hypothesis endorsed by Kaenel et 

al., (2004, p. 221).

Fig. 1

The rampart with frontal posts of the oppidum at Yverdon-les-Bains.

A  View from a portion of the external facing. © Archeodunum SA

B  One of the posts between the sections of dry stones at the head of 

the rampart. © Archeodunum SA

C  A post slanted inwards made from an oak felled ca 81 BC. © Y. André
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Fig. 2

Reconstruction of the rampart with frontal posts of the oppidum at Mont 

Vully. A construction date of 124 BC, possibly a little later, has been pro-

posed on the basis of indirect dendrochronological arguments.

© G. Kaenel.

Fig. 3

The wall of the Roman town of Aventicum erected on a floor of oak posts felled in the spring of 76 AD.

© Site et Musée romains d’Avenches
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A provisional conclusion

As an opening towards further research, let us end this ex-
posé with a patrimonial reflection of fundamental import: we 
must absolutely develop methods of long-term conservation 
of the drenched wood conserved in the various museums re-
sponsible for archaeological and historical collections in a giv-
en territory. Such conservation may simply take place in water 
under supervision, by treating it with PEG (polyethylene gly-
col), freeze- drying it or by any other method. In short, we urge 
that museums be equipped with real “dendrothèques” (“wood 
chambers”; Fig. 4). After all, we already have lapidaries…

GILBERT KAENEL

Fig. 4

Waterlogged wood conserved in the museum like any other archaeologi-

cal object. © Musée cantonal d’archéologie et d’histoire, Lausanne

A  Cleaning.

B  PEG treatment.

C  Freeze drying.

D  Storage.
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Working with dendrochronology.
The interaction of the evidence in
English building history

Summary

This paper explores the relationships between stylistic dating, 
archaeological dating (from fabric analysis), dating from doc-
umentary evidence and the tree-ring dating of buildings. A se-
ries of case studies explores the issues raised by the process of 
combining the evidence from these diverse sources in an English 
context. The importance of the relationship between the den-
drochronologist and the building historian is highlighted. The 
combination of evidence from these diverse sources leads to a 
fruitful and enhanced understanding of the tree-ring evidence 
and of the buildings.

Parish church of Yarpole, Herefordshire and barn in 
King’s Pyon, Herefordshire

The first two cases are buildings where there was no relevant 
documentary evidence to aid dating.

The detached bell tower at the parish church of Yarpole, 
Herefordshire belongs to a group of four structures within 
33 km of each other, two of which were already dated by tree 
rings to the first part of the 13th century (Molyneux et al., 2003). 
They each have four large corner posts leaning slightly inwards 
connected by intersecting bracing. The towers at Pembridge, 
Herefordshire, Mamble, Worcestershire and Knighton on Teme, 
Worcestershire have notched lap dovetail joints of the refined 
entry type (i.e. the shoulder of the notch is not simply the edge 
of the main timber, but is trimmed back a little).

The earliest tree-ring dated roof in England is St Mary’s, 
Kempley, Gloucestershire, 1128–1132 (Miles et al., 2008, p. 133), 
and has the same bare faced lap dovetail jointing as Yarpole, 
whereas the first notched lap joints occur in the later 12th century 
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(Walker, 1999, p. 51 and 53). It was thus predicted that Yarpole 
was slightly earlier than the other bell towers and so a date in 
the late 12th century was suggested.

The dendrochronologist was able to find bark edge on one 
of the main posts, and an exact felling date was achieved: the 
winter of 1195/96 (Tyers, 2002). Following the Tree Rings, Art, 
Archaeology conference in Brussels in February 2010, two 
French parallels emerged for this type of intersecting bracing 
used in the context of a bell frame: one at St Peter’s church, 
Chartres, the other at the Notre-Dame cathedral, Bayeux, dat-
ed 1195 and 1194 ± 5 years respectively by dendrochronology 
(Hoffsummer, 2002, p. 283; Épaud, 2007, p. 394–405).

A less happy result for the building historian was from a 
remnant of an aisled barn in King’s Pyon, Herefordshire. Aisled 
barns are not uncommon in England, but Richard Harris 
who has surveyed many buildings in this region states that in 
Herefordshire “aisled barns are completely unknown” (Harris, 
1979, p. 67). No other aisled barns were discovered in an exten-
sive survey of rural buildings undertaken in the county in the 
1980s.1 There is a classic domestic aisled hall in Herefordshire at 
the Bishop’s Palace in the city of Hereford, the timbers felled in 
1179 (Blair, 1987; Haddon-Reece et al., 1989, p. 46–47).

The character of the structure can be described as follows. 
Tee halved passing braces, bare faced mortice and tenon joints 
(the tenons have haunches on only one side), straight timbers 
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with one or two cranked and the lack of clear assembly num-
bers were thought to be indicators of an early date. The build-
ing historian confidently stated before the tree-ring dating was 
commissioned that “the halved passing braces are usually ta ken 
as an indicator of a very early date, probably somewhere in the 
13th century.” (Molyneux, 1991).

The felling date was 1490 or later, which seemed to be im-
possible, but the dendrochronology must be right (Groves and 
Hillam, 1993; Hillam and Groves, 1993, p. 47). A reconsideration 
of the structural evidence suggests that the lack of lap dovetail 
joints usually associated with early structures was not observed 
to be a significant absence in the first analysis.

Pilgrim’s Hall, Winchester, Hampshire and
Hartlebury Castle, Worcestershire

In the next two cases the documentary evidence proved to be 
misleading.

The stylistic dating for the roof of the Pilgrim’s Hall, Winchester, 
Hampshire included a carved head on one of the hammerbeams 
thought to be of Edward III who became king of England in 
1327 at the age of 14, so a mid-14th century date was proposed. An 
account roll for 1334–1335 refers to the building of a “grange”, 
and the purchase of ca 94,000 Delabole slates (from Cornwall), 
enough to cover the entire medieval building. The date was mis-
quoted in the 1950s as 1325–1326 which became firmly established 
in the secondary literature (Crook, 1982, p. 96).

The building is of six bays consisting of two open halls, plus 
a service bay. The roof has a fully aisled truss and three aisle de-
rivative forms: base cruck, hammerbeam and raised-aisle con-
struction (Crook, 1991). The precise felling date of winter 1310/11 
makes it the earliest hammer beam roof in England (Miles and 
Worthington, 2001, p. 80–81). It places the sculpted heads of the 
hammerbeams in a different context, so the young man’s head 
wearing a crown is probably a portrait of Edward II. It also 
means that the documentary date is misapplied and the refer-
ences must apply to another building.

The next case is the great hall of the Bishop of Worcester’s 
palace at Hartlebury Castle, Worcestershire. Stylistically the 
roof has been attributed to the 15th century, but there was docu-
mentary evidence for a plausible earlier date of 1395–1396. The 
documents record that 22 great oaks were brought to Hartlebury 
Castle from Welland in the manor of Bredon (Willis-Bund, 1913, 
p. 554; Dyer, 1980, p. 202 citing a compotus roll of Bredon Manor, 
20 Richard II, WRO BA2636/158 no. 92020, Class 009:1). Thirty-
six men with 18 carts were hired to transport the great oaks after 

they had been scapelled (that is trimmed) at a cost of 10s 6d. The 
transport to Hartlebury cost 16s to get the timber to the ri ver 
and then a further 4s 6d, plus 2s for bread and fish to feed the 
workmen. The village of Welland is about 6 km from Upton on 
Severn, the nearest point on the river Severn. The distance along 
the Severn to Lincomb, the closest point to Hartlebury Castle, is 
about 35 km up river, and the final leg overland is a little over 
2 km. Timber rafts do not seem to have been the usual practice 
in England, so the oaks were probably put into boats (Albion, 
1926, p. 105–106). One reason seems to be that English timber 
was generally faster grown, so had fewer vessels, and thus was 
denser, as opposed to the slow grown timber of the forests of 
Europe although even there oak was often not floated by itself.2

The great hall (8.36 × 19.10 m internally) at the heart of the 
building retains a medieval roof sitting on walls of sandstone 
ashlar. The structural evidence suggests that when first built the 
hall was free standing with no attached structures, but rather a 
separate solar block and kitchen.

The roof (Fig. 1) is of five bays with six trusses, those at each 
end set against the stone gable walls. The wall posts rise from 
stone corbels and the posts are jointed to the principal rafters 
in the manner of jointed crucks. The collars are supported by 
curved arch braces, the soffits forming four-centred arches with 
the wall posts. All the trusses (except T6 against the south wall) 
face to the south, toward the upper end of the hall, as would be 
expected (Harris, 1989, p. 6). The trusses are numbered from 
north to south: the numbers III, IIII and IIIII can be seen on the 
appropriate trusses. The roof was decorated with hollow cham-
fers as the principal decoration. The wind braces which were 
presumably decorative have all been removed.

Were the documented timbers for the hall roof? The dendro-
chronology was unable to provide a precise date, but it did give 
a date bracket of 1428–1447 (Tyers, 2008a; Tyers, 2009, p. 120–
121). With the usual malleability of the building historian, one 
simply adapts and accepts. However, we are left with the supply 
of a large quantity of timber and no surviving building within 
the castle where it might have been used.

Leigh Court Barn, Worcestershire

Staying with large buildings in ecclesiastical ownership, we now 
turn to the cathedral of the cruck in England, Leigh Court Barn, 
Worcestershire, in the care of English Heritage. This was on 
an estate owned by Pershore abbey (18 km to the southeast of 
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Leigh) and thus with considerable potential for documentary 
evidence to survive. It was subjected to an early attempt at tree-
ring analysis as well as radiocarbon dating in the 1960s (Charles 
and Horn, 1973, p. 13 and 28–29). The 14C was quoted as pro-
viding a date of “around 1325”, although if the 2004-calibration 
curve is used to calibrate the two dates obtained, they are 1290–
1450 and 1290–1480 at 95% probability.3

The barn has ten bays, with nine almost identical cruck 
trusses, and two end trusses of hipped form. The trusses have 
the largest span (10 m) of any true cruck structure in Britain. 
The main cruck blades are ca 10.5 to 11 m in length each care-
fully trimmed from a whole tree to create the illusion of similar 
curvature. As the dendrochronologist observed, they were de-
rived from heavily branched trees used both their natural way 
up and upside down. The trusses are arranged with their upper 
faces to the west, except for the east end truss which faces east. 
The saddles are at varying heights, so the short king posts sup-
porting the diamond-set ridge are of different lengths. The pur-
lins and wall plates have tabled and bridled scarf joints at alter-
nate trusses. Curved wind braces support both rows of purlins.

A preliminary assessment visit with a dendrochronologist 
immediately suggested that it would be possible to make an-
other attempt at tree-ring dating. We were able to discover 
the large holes of the earlier attempt at dating, and conclud-
ed that the earlier dendrochronologist was unable to dis cover 
sufficient rings. However, the new campaign which targeted 
most of the cruck blades located bark edge. A date was possi-
ble and it emerged that the year of felling was 1344 (Groves and 
Tyers, 2006, p. 108; Tyers, 2006). This was an unexpected year. 
Although there is evidence at this period for the letting out of 
abbey estates to provide income, and thus some investment in 
farm buildings is known (Dyer, 1997), in this instance the ab-
bey was apparently in penury. In 1345 the abbey was “weighed 
down with debt, and their refectory and dormitory in need of 
repair” (Willis-Bund and Page, 1906, p. 130). We would ap-
pear to have caught them out in a little creative accounting, 
since they had the resources to build the largest cruck build-
ing in England.

Kenilworth Castle, Warwickshire

The next site is Kenilworth Castle, Warwickshire, one of the 
premier castles in England, the subject of a great deal of recent 
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Fig. 1

The roof of the great hall of 

Hartlebury Castle, Worcestershire, 

looking north, showing the up-

per face of the trusses. © N.A.D. 

Molyneux
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research focusing on the 16th century, particularly the ownership 
of the Dudley family (Morris, 2009). The specific building is 
now known as Leicester’s Stables. It has a ground floor of stone 
and an upper floor of timber framing (Fig. 2). The framing asso-
ciates the building with the Dudley family through their heral-
dic badge of the ragged staff reflected in the decorative braces.

The tree-ring dating was carried out before the detailed doc-
umentary research was undertaken. The felling date for the 
timbers of the primary phase offered two date brackets: 1543–
1568 and 1553–1578 (Miles, 2005; Howard et al., 2006, p. 27 and 
fig. 15; Arnold et al., 2007, p. 112).

A survey made in 1563 for Robert Dudley, Earl of Leicester, 
states that the “stronge new stabull” was built “by my lordes 
grace your fader” (Molyneux, 2008). There were stalls for 
30 great horses and 20 geldings according to the survey. 
Archaeological excavation shows that the horses were tied with 
their heads to the east against the curtain wall with drains be-
hind them (Ellis, 1975, p. 91–97). This ties the building date 
down to the period between 6 March 1553 when John Dudley, 
Duke of Northumberland, obtained the castle (TNA MPB1/39), 
and 22 August 1553, when he was beheaded.

A significant document is a commission to investigate the 
state of the Kenilworth woodlands issued in 1554–1555:

 “ the late Duke of Northumberland had the Lordship of 
Kenelworth, with the Castle […] by the said Duke’s Com-
mandment, 500 Timber Trees, and 24 Trees of Ash and Oak, 
had been taken for a new Stable, a new Bridge, and other 
Buildings within the Castle” (Harper et al., 1827, p. 158).

The measurements given in the 1563 survey are 180 × 21 ft 
(54.86 × 6.40 m). Whilst the width matches the internal dimen-
sion it is now somewhat shorter at 47.55 m internally. This can 
be explained by the evidence that the building has been short-
ened at the north end: the ground floor gable wall is straight 
jointed to the front wall. The tree-ring evidence produced a fell-
ing date of 1613–1638 for the rebuilt north gable end. 

Pendennis Castle, Cornwall

The next case was a pioneering one in that before this building 
was sampled, no buildings in Cornwall had provided a tree-ring 
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Fig. 2

Leicester's Stables, Kenilworth Castle, Warwickshire.
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date. The tower at Pendennis Castle, Cornwall (Fig. 3) was built 
as part of the great scheme of coastal defences embarked upon 
by Henry VIII to counteract a threatened French invasion in 
1538. The construction of a sequence of coastal artillery cas-
tles was ordered in an initial document called the “Device by 
the King” of March 1539 (Saunders, 1989, p. 37). Pendennis to-
wer can be dated precisely by the building accounts which com-
menced on 4 October 1540, but were destroyed in the Second 
World War (Colvin, 1982, p. 596).

The timbers had been de-frassed, but the ministry workmen 
were doing it for show rather than efficacy and left a great deal 
of the sapwood in place. An assessment of the building by the 
dendrochronologist soon discovered bark edge. The tree-ring date 
was the summer of 1540 (Tyers, 2004, p. 84–85), confirming the 
documentary evidence to be correct. However, the intriguing el-
ement of this castle is the forebuilding which has been dated at 
anything from 50 to 100 years later than the main tower. This is 
because it is associated with major changes to the way in which 
the castle functioned as an artillery fortification with multiple lev-
els of gun decks, particularly the blocking of the lower tier of 
gun ports. It is clearly secondary as its construction involved the 

removal of some of the mouldings from the beautifully construct-
ed main tower. The tree rings were able to offer us an exciting in-
sight into the question of relative dating. The bark edge date was 
the summer of 1541. Thus we can immediately see that, rather than 
being a major modification after one or two generations, it dem-
onstrates the experimental nature of these fortifications which 
were being built in a rapid campaign across the south coast of 
England. This gives quite a different picture of the development 
of the castle. The associated portcullis in the forebuilding gave a 
date bracket of 1530–1561 showing that it is an important survival.

Saracen’s Head, King’s Norton, Birmingham

A case where the combination of tree rings and archaeology 
came out with another interesting result is the timber framed 
building called the Saracen’s Head in King’s Norton, a suburb of 
Birmingham (formerly a small medieval proto-town). This has 
two clear phases in archaeological terms, with the exposed tim-
ber framed range being the earlier, representing an early exam-
ple of the domestic floored hall in this region, with the magnifi-
cent continuous jetty facing the church (Fig. 4). The other range 

NICHOLAS A.D. MOLYNEUX

Fig. 3

Historic photograph of the Henrician tower of Pendennis Castle, Cornwall.

© National Monnuments Record/English Heritage

215



of the building stretching back from the church and fronting the 
green was of a different character, and analysis suggested it was 
related to a commercial use, with a wagon entry placed at what 
was once the centre of this elevation. In this instance bark edge 
dates were obtained for both ranges, and they both resulted in 
a felling date of the winter of 1491/92: there was no difference in 
the year of felling (Tyers, 2004).4 This is thus another case where 
the history of the development of a building was telescoped 
from a decent interval, to nothing more than a phase in the con-
struction process. The dates also enabled the historian to pro-
pose that the likely builder was Humphrey Rotsey, a wool sta-
pler, who needed extensive commercial premises (Demidowicz 
and Price, 2009, p. 37–39).

26 Westgate Street, Gloucester

26 Westgate Street, Gloucester is a large complex urban build-
ing, a merchant’s house. Building recording and analysis of the 
relative dating of the different phases led to a complex history 
of development (Price, 1994). The building had a narrow eleva-
tion to the main street, whilst the whole of one of the side eleva-
tions fronted onto Maverdine Lane, which has almost been lost 
due to the encroachment of later buildings.

An extensive programme of tree-ring dating resulted in a 
new interpretation. Some of the deductions about the relative 
dating were based on minor stylistic differences, and proved in-
correct. These were areas where the structural evidence was not 
visible due to later coverings. The tree rings produced a new and 
cogent story which, when compared with the documentary evi-
dence, begins to make sense.

The dendrochronology offered dates as follows for the build-
ing analysis phases: 1, 1586/87; 2, 1615, 1620 and 1622; 3, 1583/84 
and 1587; 4, 1616; 5, 1616/17 (Arnold et al., 2002, p. 107). We have 
thus the new phase I composed of phases 1 and 3 with dates of 
1583/84, 1586/87 and 1587. Phase II (phases 4 and 5) has a first 
phase dated 1616 and very shortly afterwards 1616/17 fronting 
the stair turret. Phase III was phase 2 and had one timber of 
1615, one of 1620 and three of 1622. The tree-ring dates suggest 
that there was some stock-piling of timber, which is hardly sur-
prising in a town.

The civic elite of Gloucester was dominated by the city’s mer-
cers, drapers and goldsmiths who tended to live in the inner 
city adjoining the central market area of upper Westgate Street 
(Clark, 1984). Of these, the mercer Alderman John Browne senior 
– who owned the site – was one of the richest and was involved 
heavily with commercial interests in London. He was Mayor of 
Gloucester in 1589 and on his death four years later a mon-
ument was erected in the Cathedral Lady Chapel (Fosbrooke, 
1819, p. 134). He made his will on 6 September 1593 and it was 
proved a few days later on 14 September (TNA PROB11/82). He 
left his wife Hester:

 “all the newe building of my mansion howse wherein I nowe 
dwell from the litle Courte at my Studye unto the Colledge 
Wall with the milke howse stable and backside and all other 
howses belonging to the same”

and to his son John:

 “the Fore parte of my nowe dwelling howse from the Courte 
at my Studye unto the Highe Streete with the shopps Cel-
lers soller and all other buildings belonging unto the same 
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Fig. 4

The Saracen’s Head at King’s Norton, Birmingham, showing the timber 

framed house to the right, and the remnants of the other timber framed 

range to the left (concealed by later brickwork). © N.A.D. Molyneux
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whatsoever saving the Entrye or waye whiche passeth forthe 
of the newe buildings into the Highe Streete of the same 
howse, the whiche my wyfe shall have for her free passage to 
the newe buildings”

So this evidence demonstrates that phase I was built by John 
Browne senior and the subsequent phases by his descendants. 
Phase III saw the building of the street frontage, and the lat-
est felling date of 1622 fits neatly with a drawing which shows 
that the building had the date 1624 on the front (BL Add Ms 
3632 ff. 253v).

Red Lodge, Bristol

The Red Lodge, Bristol had a tight documentary date for the in-
itial construction of the building, with a date for the secondary 
phase derived from the stylistic and the documentary evidence. 
A lodge was a subsidiary building, in this case set in the garden 
of the main house, built as a retreat and for entertaining (Leech, 
2003). The Red Lodge belonged to the demolished Great House 
of Sir John Young (ca 1520–1588). The Great House was built on 
the site of the Friary buildings by Young in time for him to en-
tertain Queen Elizabeth I in August 1574 (Gomme et al., 1979, 
p. 77). A contemporary account describes her visit:

 “ This yere [1574] on Satterday, beinge the xiiith day of August 
the Queene came to this citie, and Mr Maior & the Common 
Counsell ridinge with foote clothes receaved her highnes... 
And Mr Maior rode nighe before the Queene betweene two 
Sergantes at armes. And the residewe of the Common Coun-
sell rode next afore the Nobilitie and Trumpeters, And so 
passed throughe the towne unto Mr John Yonges howse, 
where she lay... a litle before her Maiesties departure hence 
she made five knightes [including] Sir John Yonge” (Smith, 
1872, p. 58–59; Pilkinton, 1997, p. 90–91).

In 1577 John Young was buying up the gardens on which the 
lodge was to be built (BRO 5535/2). The Red Lodge was men-
tioned in a deed in January 1586 (Maclean, 1891, p. 240–241). So 
we can set a bracket of 1577–1585 from the documentary sourc-
es for the Lodge. 

The Lodge’s plain exterior was rendered and painted a rich 
red and hides a building of importance both locally and nation-
ally. The great oak room is “one of the richest interiors of this 
date left in the country, the woodwork being remarkable for 
the amount of work spent upon it, and for its excellent state of 
preservation” (Gotch, 1894, vol. 2, p. 8). The internal porch is 

undoubtedly “the most spectacular porch in England” (Gomme 
and Maguire, 2008, p. 56). The sheer exuberance of the inter-
nal display places the Lodge in the very highest ranks of con-
temporary architecture. 

It seemed likely to the building historian that the tree-ring 
dating of the structure would prove difficult because finding 
timbers of the primary phase would be impossible in such a 
finely finished museum building. However, the curator was per-
suaded to commission some tree-ring dating. One day, when 
the building was closed to the public, we arrived with the cu-
rator and her set of screwdrivers in order to get under the floor 
boards. We quickly discovered that the main beams supporting 
the ceilings were accessible and suitable for sampling, and the 
dates produced were winter 1578 and spring 1579, fitting neat-
ly into the documentary evidence (Tyers, 2008b; Tyers, 2009, p. 
118). During the sampling the dendrochronologist observed the 
letters IY chisel cut in some of the timbers and asked what they 
meant (Fig. 5). They are the initials of the man who commis-
sioned the building: John Young. The ceiling beams were boxed 
heart, all four surfaces being axe hewn. The joists were slabs 
sawn from similar baulks. The initials were cut into the outer 
axe hewn surfaces. Where the timbers were squared, whether in 
the wood, a timber merchant’s yard, or on the building site is 
uncertain. These are ownership marks applied at some point in 
that sequence to ensure that the owner of the timbers had them 
clearly indicated. These are the only known 16th century exam-
ples in England of ownership marks on structural timbers, but 
this discovery will probably lead to more.

The main roof of the lodge was modified in the 18th century 
from a gabled frontage to a uniform roof slope. It was argued that 
this phase could be dated to the 1720s on the evidence of the chim-
ney piece inserted in the hall after 1718 (Downes, 1967, no. 126, fig. 
63). It was tempting to assume that the date was 1728 when there 
are three surviving drawings for the complete rebuilding of the 
house (Downes, 1967, no. 20, 56 and 61, fig. 74 and 79). The turned 
balusters of the staircase can be conventionally dated to the 1720s 
or 1730s which reinforced the date. The owner of the Red Lodge 
at this time was John Henley. Until 1715, his widowed mother lived 
there, then her brother Robert Yate up to 1727. John Henley was 
resident from 1727 to 1732 when he died. It was then in the hands 
of John’s widow Mary (Levitt, 1986, p. 24).

A panorama of Bristol was discovered drawn in 1715 show-
ing that the gables had already been removed (Fig. 6). This was 
confirmed by the tree-ring dating which produced a consistent 
felling date for a number of timbers from the roof of the spring 
of 1704. This places the rebuilding in the time of Robert Henley, 
John’s father, shortly before he died in 1709.
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Fig. 5

Initials cut into one of the main 

floor beams of the Red Lodge, 

Bristol. © N.A.D. Molyneux

Fig. 6

Ink drawing of a view of Part of 

Michael’s Hill and Brandon Hill, 

Bristol, 1715. Bristol City Museum 

and Art Gallery. Accession Ma4381.
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Old Crown Inn, Birmingham

In the last example the dendrochronology and the documenta-
ry sources both failed. This is the Old Crown Inn, Birmingham, 
the only surviving medieval structure in the centre of the city 
(Fig. 7). It was ascribed a date of 1368 which was painted on 
the building for many years. This derives from the owner in 
the 19th century who had a collection of medieval deeds that he 
thought related to the building and from which he took the ear-
liest date he could find (Smith, 1863).

However, the style of the framing belied such an early date, 
and an analysis of the structure led to the view that it was proba-
bly late 15th century. A smoke-blackened roof indicated the pres-
ence of a diminutive open hall of the Wealden type: one of the 
characteristics being the small braces which carried the wall 
plate over the recessed hall. This small hall in this large build-
ing led to the theory, subsequently demonstrated from the doc-
uments, that this was a guild hall, with the schoolmaster’s house 
containing the open hall (Price, 1993). This was a good candidate 
for a tree-ring date to establish the primary construction date and 
the insertion of the floor. However, the dendrochronologists soon 
informed us that there were insufficient rings in the fast grown 
timbers. So a date was not forthcoming despite two samples with 
a reasonable number of rings (Hillam and Groves, 1993, p. 48).

Discussion as conclusion

We have explored the relationships between stylistic dating, ar-
chaeological dating (from fabric analysis), dating from docu-
mentary evidence and the tree-ring dating of buildings. The case 

studies show the variety of issues raised by the process of com-
bining the evidence from these diverse sources in an English con-
text. It leads to a fruitful and enhanced understanding of both the 
tree-ring evidence and the buildings. In this process the relation-
ship between the dendrochronologist and the building historian 
is a critical one from which both parties can learn a great deal.

In simple cases, the evidence from the different sources can be 
consistent and reinforces the dating. However, the case studies 
show how archaeological dating needs sometimes to be reconsid-
ered following “incorrect” tree-ring dates. False dating can arise 
from documentary sources which have been taken too simplis-
tically. In other cases a tree-ring date can show the building to 
be of one date, whereas phases can be demonstrated from the 
evidence of the fabric, which are undetectable in the tree rings.

It is important to get the best dendrochronologist available, 
which can be judged partly by the one most likely to locate bark 
edge in the building and to preserve the sapwood during sam-
pling. This is often where the craft comes into the process, as 
opposed to the purity of the science. Precise dating is always 
much more useful in discerning what is happening than any 
number of date brackets. Ensure that the sampling strategy is 
well worked out to cover the relevant phases. If funds are re-
stricted this can be a difficult call, but in a complex building it 
is prudent to allow for more sampling than might seem neces-
sary to simply produce a single date. Always work alongside the 
dendrochronologist if possible: both parties will profit from the 
relationship and the chance to make new discoveries about the 
building. The close observation of the dendrochronologist often 
results in observations that the building historian did not even 
attempt to make because the evidence did not seem relevant.
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Old Crown Inn, Birmingham.
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Another reflection on the service provided by dendrochrono-
logists in England is the role of the standard setting of English 
Heritage which has meant that we do not receive, as building 
historians, the alternative dates resulting from lower t-values. 
These are never reported and so we can avoid any confusion or 
misinterpretation.

There are some underlying presumptions which emerge from 
an insular study such as this when exposed in a European con-
text. Particularly, that the vast majority of the buildings now 
tree-ring dated in England have structural timbers of oak from 
local English sources. In the cases discussed here the only one 
that even hinted at a distant source was Pendennis Castle, 
Cornwall. However, as soon as more data was acquired from 
other sites in the county it became clear that was simply a re-
sult of there being hardly any other local data, and that the tim-
bers are in fact local. There are a handful of instances of long 
distance transport of structural timbers evidenced by the tree 
rings, and only the very occasional piece of documentary evi-
dence for the transport of structural timber in elite buildings.

With so many dated examples we are now in a position in 
England where more synthesis is required. There needs some 
systematic work on markings (for example, numbering sys-
tems), and more work on the chronology of conversion methods.

In the process of writing this paper, the most useful resource 
I have had to hand are the annual lists of tree-ring dates which 
are published in Vernacular Architecture, the journal of the 
Vernacular Architecture Group which collates the efforts of the 
dendrochronologists working in England and leads to a useful 
permanent record of what has been undertaken for those out-
side the world of the dendrochronologist. An important aspect 
of the printed reports (not always consistently reported) is the 
reporting of those cases which failed to date. They are also ac-
cessible in a more summary form on a website: http://ads.ahds.
ac.uk/catalogue/specColl/vag_dendro.

So, in the last resort, when tree rings fail, what next? Apart 
from the style and the documents, there is a refreshed role for 
radiocarbon dating, which feels like where we came in in the 
1960s with attempts to radiocarbon date some of our large 
English barns. However, the new precision possible offers the 
prospect of providing reasonably accurate dates in some cases 
(Alcock and Meeson, 2009).

The failings of the different professionals involved in build-
ing history can be caricatured as follows: archaeologists often 
have a problem with three dimensions and do not like docu-
ments, historians sometimes have trouble with physical reali-
ties, architectural historians can shy away from fabric analy-
sis and scientific techniques. They should all come together as a 

collection of techniques when applied at their very best to form 
a fully rounded building historian.
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How tree-ring dating 
can provide historical contexts
to buildings “without history”

Summary

Buildings without history do not exist, but buildings overlooked 
by traditional architectural history are legion. This is in the first 
instance due to the fact that architecture historians prefer ca-
thedrals and castles rather than parish churches and workers’ 
houses. By definition, high architecture results from prestigious 
patronage, is innovative and richly decorated, is better docu-
mented in the archives, and cherished by generations of herit-
age preservationists. 

For more than ten years, one area of my research has dealt 
with medieval architecture of poor religious orders, such as the 
Mendicant friars and Beguines. The remaining churches of these 
religious orders do not belong to high architecture and have 
been therefore less intensively studied. Some of them have been 
so radically restored that they look like 19th century buildings 
and have lost their attraction to scholars.

The aim of this contribution is to show how tree-ring dating, 
as part of the material analysis of buildings, can provide unique 
chronological information and lead to reinterpretations of both 
poor architecture and drastically restored buildings. Six exam-
ples will illustrate different aspects of this topic.

A poor architecture without style and history

The first category of buildings is that of the new urban religious 
orders, which expanded in the late medieval towns of the Low 
Countries. The Mendicant orders, that is to say the Franciscans, 
the Dominicans, the Carmelites and the Augustine friars, as 
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To my beloved father1
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well as the original semi-religious feminine movement of the 
Beguines, flourished especially in the urban society of Flanders, 
Brabant and Holland. Contrary to the older monastic orders 
such as the Benedictines and the Cistercians, which had devel-
oped important land properties and built prestigious abbeys, 
the Mendicant friars refused all kinds of property and tithes; 
they based their identity on poverty and begging, preaching and 
study. The most popular figure of this new religious movement 
within the Church was Saint Francis of Assisi, who died in 1226 
and had a considerable influence.

Mendicants had to invent an architecture that would express 
both their urban character and their specific identity, and so they 
did (Schenkluhn, 2000; Simons, 2001; Volti, 2003; Todenhöfer, 
2007). On the one hand, Mendicant churches have large naves, 
which look like halls and were used for preaching and burials; 
they are compact and integrated within the urban fabric. On the 
other hand, architectural poverty was characterised by simple 
design, lack of architectonic decoration and sculpture, no tow-
ers, no transepts and no stone vaults. Therefore wooden struc-
tures were the only solution for covering large spaces, which ex-
plains that many Mendicant or Beguinage churches look more 
like hospital halls, cloth halls or barns, than rich parish chur-
ches and abbeys (Coomans, 2007a).
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Most medieval Mendicant friaries in the Low Countries were 
demolished during the religious wars of the 16th century or dur-
ing the French Revolution, and have lost their medieval ar-
chives. Only a few churches remain – 20 of the 116, which once 
existed in 77 different cities in the Low Countries – and not all 
have conserved their original timber vaults and roofs (Coomans, 
2001; Coomans, 2002a).

The former Franciscan church at Huy

The former Franciscan friary (Frères Mineurs) at Huy, found-
ed in 1228 and suppressed in 1796, has since been used as a jus-
tice court, a museum, and an archive deposit. Today, the me-
dieval double nave church is nearly impossible to identify as a 
church: the naves are divided into several storeys filled with ar-
chive shelves and the former choir hosts the house of the con-
cierge and a darkroom of a local photo-club. This building is not 
at all attractive to scholars and seems condemned to be a build-
ing without history (Antoine, 1976). A visit to the roofs revealed 
that the trusses of the nave belong to the 19th century, but that 
the choir still conserves its original timber structure.

The wagon roof combines a common rafter roof with a round 
barrel-vault shape (Coomans, 2002b) (Fig. 1). The panelling of 
the barrel vault had been removed, but the traces of pins con-
firm the original design. Only the post and the tiebeam were vis-
ible under the panelling. This simple and economic construction 
presents two main advantages. First, it was not heavy and did 
not require thick walls or complex buttressing systems. Second, 
it allowed the volume of the room to be increased by using the 
lower half of the trusses. Wagon roofs, as we shall see, were sys-
tematically used in Mendicant and Beguinage churches from 
the 13th century, as well as in other urban halls and civil con-
structions (Janse, 1989, p. 147–230; Hoffsummer, 1995, p. 57–57 
and 81–82; Hoffsummer, 2002, p. 155–158; Hoffsummer, 2009, 
p. 155–158). 

It was easy for Jérôme Eeckhout and David Houbrechts 
to date this wooden structure using the regional Meuse refer-
ence curve constructed by Patrick Hoffsummer (Eeckhout and 
Houbrechts, 2001). Despite the small dimensions of the oak 
beams, there were enough rings to allow accurate dating to be-
tween 1267 and 1281d. This dating made it possible to distinguish 
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Huy, roof of the choir of the 

Franciscan church dated 1267–

1281d. © THOC, 2002
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three different medieval building phases for the church, instead 
of one general and vague date from the 14th century.

The former Dominican church at Leeuwarden

The former Dominican church at Leeuwarden in Friesland is 
the only medieval church in the town that escaped destruction 
during the religious wars. For this reason, after the expulsion 
of the Dominican friars in 1580, it became the main church of 
Leeuwarden, is still used by the reformed community, and is 
known as the Grote Kerk or Jacobijnerkerk. Because of its asym-
metrical layout and house-like gables, this church has a rath-
er uncommon volume. Like most Mendicant churches it has no 
transept, no tower, and consists only of a deep choir for the fri-
ars and a large nave for preaching and burials. The structure is 
made of brick walls, columns and arches, which support sever-
al wooden barrel vaults (Fig. 2). The only details known about 
the history of the convent are that the Dominicans settled in 
Leeuwarden in 1245 and that the building was severely dam-
aged by a fire (ignis incendio concremata) during a siege of the 
town in 1392 (van Haarsma Buma, 2008).

Thanks to the numbering marks on the timber, which were 
recorded by Rienk Terpstra and Albert Reinstra, as well as the 
tree-ring analysis done by Dirk de Vries and Stichting RING, 
it was possible to reconstruct the building sequence (Terpstra, 
1978; Stichting RING, 2000; Reinstra, 2000). The choir and the 

main nave, respectively dated 1393d and 1402d ± 6, were erect-
ed in two successive campaigns within the same building phase. 
Their dating is perfectly in accordance with the fire of 1392 men-
tioned in the written source. In 1504d, the church was enlarged 
to the south with a large nave with three bays. Each bay is cov-
ered with a separate saddle roof closed by a gable. A side chap-
el was added to the choir before 1515, but the wood of the roof 
could not be dated. At the least, the church was extended to the 
west with a fourth bay of which the wooden structure has its 
own numbering and could be dated from 1521d.

This precise chronology provided by dendrochronology 
shows how the surface of the church was nearly doubled in 
less than a quarter of a century. The extension process pro-
ceeded by successive additions of bays or modules, first later-
ally to the south, then longitudinally to the west (Fig. 3). The 
Dominican church of Leeuwarden is a brilliant example of how 
Mendicants created new space for burials in urban contexts 
(Bruzelius, 2007).

The former Beguinage church at Sint-Truiden

The St Agnes church of the Beguinage of Sint-Truiden is a very 
unusual building (Coomans, 2008). Its entire layout is crook-
ed: the axes are not straight, the buttresses do not correspond 
with the bays, the alignments of the pillars are broken, the 
width and the height of the building are inconsequent and the 
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Fig. 2

Leeuwarden, inner view of the 

former Dominican church from the 

southwest corner. © THOC, 2000
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building materials used are a real patchwork (Fig. 4). In brief, 
this Beguinage church is a scholarly example of poor architec-
ture, with a total lack of ambition or prestige. It is a miracle that 
a Baroque church did not replace this building in the 17th cen-
tury, like so many other Beguinage churches. In the 19th century, 
the church escaped demolition because medieval wall paintings 
were found on the pillars of the nave, and therefore the church 
was later listed and restored, even though it was been deconse-
crated in 1928.

The entire church is covered with panelled barrel vaults. 
The first step was to measure and draw the timber structure 
and record all the assembly marks (Coomans, 2005). There is 
evidence of three different parts, corresponding with changes 
in the volume: the choir and apse form a coherent part, the 
four eastern bays of the nave another part, and the four west-
ern bays of the nave a final part, each of them having a very 
different design of panelled roof and assembly marks system 
(Fig. 5). David Houbrechts and Jérôme Eeckhout succeeded in 
dating the three sections by dendrochronology (Eeckhout and 
Houbrechts, 2004).

The panelled barrel roof of the choir is comparable with 
what we have seen in the former Franciscan church in Huy, ex-
cept that here there is neither tiebeam nor king post, and the 
vault has the shape of a pointed bow. The panelling is still con-
served and has some decorative paintings. Tree-ring analysis of 

this very basic and economical roof provided a date for the fell-
ing of the trees of 1295–1310d.

The four western bays of the nave are covered with a quite 
uncommon panelled barrel roof with a ridge and St Andrew’s 
crosses. The main trusses have visible king posts and tiebeams. 
Most of the sapwood was smoothed off ten years ago. Therefore 
the dating covers a span of 40 years: 1320–1360d. By smooth-
ing the old wood down, not only was the sapwood removed, but 
most of the assembly marks also vanished.

The four eastern bays of the nave are covered with a fine 
round panelled and ribbed barrel vault that also has some re-
mains of colouring (Fig. 6). This is a completely different type 
than the roof for the western part of the nave. Here each truss 
has a tiebeam, a raised tiebeam and two collars, but there 
are no king posts. The type and form of this panelled barrel 
roof suggested a date to the late 15th or the early 16th century 
(Janse and Devliegher, 1962, p. 377–378; Janse, 1989, p. 182–
189; Simpson, 2004).

The tree-ring dating resulted in two different hypotheses de-
pending on dendrochronological comparisons with different 
reference curves: the first possible dendro-date, obtained main-
ly with the regional chronology from Liège, was 1507–1517d and 
the other proposition given by the statistical calculations was 
1710–1720d in particular based on the reference curve of the 
Meuse Valley. From a typological point of view, the second date 
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Fig. 3

Leeuwarden, reconstruction of the successive building phase plans of the 

former Dominican church: choir and naves from 1393d and 1402d ± 6; 

three southern chapels from 1504d; choir chapel before 1515; western 

bay with side chapel from 1521d. © THOC, 2001

228



THOMAS COOMANS

Fig. 4

Sint-Truiden, inner view of the Beguinage church to the east.

© K. Vandevorst, Flanders Heritage, 2007

Fig. 5

Sint-Truiden, plan of the roof of the Beguinage church with mention of 

the trusses and assembly marks: choir from 1295 –1310d; eastern half of 

the nave from 1507–1510d; western half of the nave from 1320 –1360d 

© THOC, 2004
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was absolutely not realistic. Conversely, the church had seri-
ously suffered during the siege of the town in 1489, and im-
portant repairs were done in the following decades. In order 
to resolve this question, we decided to check the archives of 
the Beguinage for the years given by the dendrochronological 
analysis. No traces of works were found in the first quarter of 
the 18th century, a period when the archives of the Beguinage 
are well preserved. The problem was solved due to an excep-
tional finding in the oldest conserved account register of the 
Beguinage: an agreement inserted between the accounts of 1507 
and 1510, passed between Marie of Flémalle, the great-mistress 
of the Beguinage, and a certain Lemrecht, master carpenter, for 
the making of a “roof with a spire on the church” (die cappe 
met enen torne op die kerken).2 Furthermore, precise dating 
of the panelled barrel roof gave a terminus post quem to date 

the paintings on the pillars of this part of the nave (Bergmans, 
2008). It was quite exciting to see tree-ring data, archival data 
and wall paintings converging on a precise historical context.

Behind the restoration: remains of original wood

The second part of this paper deals with similar poor architec-
ture, which had been so drastically restored during the 19th cen-
tury that medieval building archaeologists do not take them in 
consideration. The following three examples show how elements 
of old timber structures survived restorations in remote parts of 
the building, precisely because they are invisible. Searching for 
authentic material in such remote places sometimes brings to 
light very unexpected material and information.

The former Beguinage church at Liège

The Beguinage church or St Christopher church at Liège was 
nearly completely rebuilt from 1885 to 1897 (Coomans, 2006c). 

THOMAS COOMANS

Fig. 6

Sint-Truiden, roof of the Beguinage church, round panelled and ribbed 

barrel vault of the eastern bays of the nave, 1507–1510d. © THOC, 2004

2. With special thanks to Hanne Van Herck.
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Because of its design with a right chevet, round arches, a pan-
elled barrel roof, a reduced clearstory, no buttresses, no tower, 
and no ornament, this church became a reference for 19th cen-
tury Catholic architects who, according to the True Principles of 
Pugin’s theory, promoted humble and economical models from 
the 13th century for modern parish churches (Van Assche and 
Helbig, 1877). This was enough to restore the building in its 
original state. The result is that medieval architecture historians 
ignored this church, considering it a “pastiche”.

The structure of the Beguinage church at Liège made it in-
deed a remarkable example of an economical architecture. A 
perspective section drawn as a restoration project shows how a 
19th century architect was fascinated by the simplicity of the lay-
out and the functionality of the space (Fig. 7). The panelled bar-
rel vault is inserted within the lower half of the trusses and the 
tiebeams form the visible basis of the trusses’ triangles. Again, 
this structure could as well have been used for a church as for 
any other kind of hall, including a 19th century machine hall. 

THOMAS COOMANS

Fig. 7

Liège, perspective section of the nave of the Beguinage church, drawing 

of Auguste Van Assche, 1885. © Centre d’archives et de documentation 

de la Commission royale des Monuments, Sites et Fouilles, Liège
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Fortunately we still conserve some measurements because the 
whole roof was demolished and replaced by a copy during the 
restoration. In other words, the typology is conserved, but the 
original material is lost and therefore this roof cannot be ana-
lysed by dendrochronology.

However, during a visit to the roof structure, I observed that 
the wooden bell tower above the first bay of the choir was still 
an old wooden structure with cross-bracing, but resting on in-
dustrial steel beams (Fig. 8). As unbelievable as it might seem, 
two steel porticos had been built under the bell tower in order 
to maintain it in its original position during the construction 
of the new roof. Thanks to this ingenious solution, old wood 
was still present in the building, awaiting tree-ring analysis. 
This was done by Patrick Hoffsummer and Jérôme Eeckhout, 
and yielded the years 1431–1436d for the felling (Eeckhout and 
Hoffsummer, 2006). Since we know that the church was built 
in the 1240s, it is evident that the bell tower is a later, but still 
medieval, addition.

The former Beguinage chapel at Borgloon

Another less attractive and radically restored building is the 
former Beguinage chapel at Borgloon in Limburg, also called 
Graethemkapel, which looks like a patchwork of volumes and 
forms, and only finds its visual coherence due to a recent yel-
low coating. The local cultural centre uses the chapel as a place 
for art exhibitions. The main historical interest here is that 
Lodewijk the First, Count of Loon, was buried in the chapel in 
1171 and his wife, Agnes of Metz, in 1175. For that reason, exca-
vations were done in 1969 and led to the reconstruction of the 

complex development of building the chapel (Lux and Bussels, 
1969). The initial Romanesque chapel where the count was bur-
ied had been enlarged with aisles in the 13th century when a 
small community of Beguines serving the local hospital received 
the chapel. A second enlargement with two new western bays 
occurred at the end of the Middle Ages. Later, the Romanesque 
part was made higher, the aisles were demolished, and the ar-
ches of the nave blocked in. The archaeological sequence is ac-
curate, but there is a lack of precise dating, especially for the 
Romanesque and the early Gothic phases. It is also of interest 
to note that the archaeologists never looked at the roof or tried 
to relate the highest part of the building with the foundations 
they had excavated.

Climbing above the ceiling was instructive because three 
very different trusses, which can be typologically dated from 
the early 16th, 17th and 19th centuries, form the small roof. By ob-
serving the trusses, it was evident that most beams were re-used 
(Fig. 9). My attention was caught in particular by two beams of 
the ceiling, which looked like tiebeams of Romanesque trusses. 
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Fig. 8

Liège, bell tower of the Beguinage church, 19th-century steel structure 

wearing the wooden bell-tower from 1431–1436d. © THOC, 2004

Fig. 9

Borgloon, inner view of the roof of the Beguinage chapel. © THOC, 2009

A  17th-century truss made with re-used 13th century beams.

B  One of the re-used tiebeams from the 1120s.
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On the one hand, the scarf joints of the extremities give the pitch 
of the roof, which was low. On the other hand, scarf joints in the 
middle of the beam give the location of several posts.

Kristof Haneca from the Flanders Heritage took samples 
from the beams, for which dendrochronology gave unexpected 
results (Haneca, 2010). He succeeded in dating one of the two 
Romanesque tiebeams to 1114 ± 8 meaning that this beam is the 
oldest dendrochronologically dated part of a roof in Flanders.3 
This date is compatible with the Romanesque chapel where the 
count was buried in 1171: the chapel could easily have been in 
existence for several decades before the count’s death. Further, 
the samples collected by Kristof Haneca in the other trusses of 
the roof yielded the dates of 1232 ± 8 and 1239 ± 8, or the sec-
ond quarter of the 13th century. We had not at all expected to find 
wood with the same dating re-used in trusses, which typologi-
cally belong to the 16th and 17th centuries. This also proves that 
the re-used beams have the same origin and therefore there is a 
good chance that they come from the chapel itself. These find-
ings allow us to propose a dating for the two oldest building 
phases of the chapel: the Romanesque phase from the 1120s and 
the first Gothic phase from the 1240s.4

The chapel of the castle of Ponthoz

The last building discussed here is not a Mendicant or a 
Beguinage church and contains exceptional late medieval art. 
The chapel of the castle of Ponthoz, at Clavier in the country-
side southwest of Liège, stands isolated in a romantic park and, 
at first glance, looks like one of the typical neo-Gothic con-
structions, of which so many were built in Belgium during the 
19th century (Coomans, 2007b). However, specialists of medie-
val wall paintings know this chapel very well because it pre-
serves an exceptional late medieval painted vault that had ne ver 
been over-painted or restored (Helbig, 1892). How could such 
a unique painted vault be conserved in a 19th century building? 
This was the question that was asked in the context of multi-
disciplinary research on this painting (Bergmans et al., 2005).5 

Archival research confirmed that the chapel had been drasti-
cally restored in 1876–1877 to become a funerary chapel of the 
family that then lived in the castle: a vault was built beneath 
the chapel, a new bay added to the west, new walls and a new 
roof with a spire were wrapped around the core of the old chap-
el. In brief, apart for the vault and its paintings, nothing ap-
peared to be original.

To be certain, I climbed above the vaults and observed that 
the roof belonged to the 19th century restoration, but, when look-
ing behind the eastern side of the medieval vault, I discovered 
that the horizontal framing and the wall plates were to be much 
older. Since a part of the medieval vault rested on the tiebeam 
and against the post, it was certain that this eastern part of the 
roof-framing was original and that dating the beams would help 
date the paintings on the vault (Fig. 10). Jerôme Eeckhout suc-
ceeded in very accurately dating the felling date of the wood to 
the spring of the year 1458d (Eeckhout, 2005).

The synchronisation of this date with the historical context 
of the chapel works very well. It is known that the chapel had 
been built by Gauthier of Corswarem, a canon of the cathe-
dral of Liège who had acquired Ponthoz Castle in 1452 and died 
in 1470. So, dating the roof from 1458 gives a terminus post 
quem for the vault-paintings, while 1470, the year of the patron’s 
death, gives a terminus ante quem. Here, the dating of the ex-
ceptional paintings results from a combination of historical and 
archeometric data. The chapel of Ponthoz is definitely a build-
ing with a history.

Conclusion 

These six examples were chosen in order to illustrate six dif-
ferent scenarios: basic information at Huy, building pha ses at 
Leeuwarden, building phases and convergence with archives 
and wall paintings at Sint-Truiden, surviving hidden struc-
tures at Liège, re-used wood at Borgloon and the interaction 
between remains of a roof, a painted vault and historical sourc-
es at Ponthoz. Additional examples could have been present-
ed, but they would have repeated some scenarios already dis-
cussed here (Houbrechts and Eeckhout, 2000; Eeckhout and 
Houbrechts, 2002; Eeckhout and Galand, 2004; Nuytten, 
2005, p. 31; Coomans, 2006a; Coomans and Bergmans, 2009; 
Coomans, 2010; Debonne and Haneca, 2011).

Dating wood is not a goal in itself. For the building archaeo-
logist, dendrochronology is only one tool amongst others, but 
a valuable one because it can provide, as we have seen, abso-
lute dates and sometimes very accurate ones. It also can help 
in developing an intrinsic knowledge on roofs, determine the 
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3. To date, only one other roof-frame in Flanders has been dated from 

the 12th century: the nave of the Sint-Laurentiuskerk at Ename, 1184d 

(Callebaut, 1992).

4. An article will be published by T. Coomans, V. Debonne and K. Haneca 

about this chapel in a forthcoming issue of Relicta: Heritage Research 

in Flanders.

5. Research coordinated by Dr Walter Schudel, head of the cell of wall-

painting conservation at the Royal Institute for Cultural Heritage (Brussels) 

and Dr Anna Bergmans, professor at Ghent University.
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historical development of techniques, trace re-use and identi-
fy the dendro-provenancing (de Vries, 2000; Hoffsummer and 
Eeckhout, 2008). However, in the opinion of the architecture 
historian that I am, dendrochronology not only helps in dating 
building phases, but also places a building in a precise histori-
cal context. In other words, dendrochronology is a unique tool 
for identifying the patron of a building, and for developing in-
teractions between material aspects and the society in which 
the building was constructed. By attempting to unravel the cul-
tural and historical meaning of a building in its precise context, 
architectural history can for a large part escape the tradition-
al formal analysis based only on style and decoration. Finally, 

thanks to the data provided by tree-ring analysis, the history of 
architecture can also integrate buildings without style and can 
provide historical context to buildings that for long were con-
sidered as being “without history”.
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Fig. 10

Ponthoz, roof of the chapel of the castle, stone vault resting on the tie-

beam and against the king post dated 1458. © THOC, 2005
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Dendrochronology and human behaviour. 
Experiences and results in the province of 
Liège (Wallonia / Belgium)

Summary

This paper is an attempt to show how the application of den-
drochronology has been integrated within the framework of 
building archaeological analyses carried out in the province of 
Liège by the Service de l’Archéologie de Liège (Service public de 
Wallonie – DGO4 – Direction extérieure de Liège 1, Archéologie, 
Belgique).

Over the past decade, the precision and reliability of dendro-
chronological analyses combined with an interdisciplinary ap-
proach has demonstrated several key benefits, not only in terms 
of dating and characterisation of wooden structures, and ar-
chitectural heritage in general, but also in the context of the 
study of their conceptualisation, creation, construction and 
development.

Through different case studies, we evaluate the potential uses 
of this method and examine how it contributes to ensuring the 
quality of interpretation, promoting and stimulating research.

Finally, we illustrate how much the outcome of these inter-
related studies helps to reach a deeper understanding not only 
of the history of architecture, but also socio-economic aspects, 
and how it contributes to narrow the artificial dichotomy be-
tween man, the built structure in which he lives, his environ-
ment and his culture. Moreover, this approach helps to attain 
our main goal: to reconstruct and describe the evolution of hu-
man behaviour.

Caroline Bolle
Service public de Wallonie (SPW) – DGO4 – Direction extérieure de Liège 1 (DLg1), Archéologie, Liège, Belgium

Jean-Marc Léotard
Service public de Wallonie (SPW) – DGO4 – Direction extérieure de Liège 1 (DLg1), Archéologie, Liège, Belgium

Key words  dendrochronology / building archaeology / multi-disciplinary approach / history of 
          architecture / civil architecture / building conceptualisation

Introduction

Despite our limited experience, this essay aims to show how the 
application of dendrochronology has been integrated within the 
framework of archaeological analyses of historical monuments.

When it was first established, the Service de l’Archéologie de 
Liège (Service public de Wallonie (SPW) – DGO4 – Direction ex-
térieure de Liège 1 (DLg1), Archéologie, Belgique) had only mi-
nor involvement in the “archaeology of building frames”. The 
use of dendrochronology was limited to wooden pieces from ex-
cavations. Since 1998, the sector of archaeological analysis of 
historical monuments has progressively grown and today rep-
resents more than 30% of the activities of the Service.

Over the past decade, collaboration with dendrochronolo-
gists from the University of Liège (Patrick Hoffsummer, David 
Houbrechts and Jérôme Eeckhout) and from the Royal Institute 
for Cultural Heritage (Pascale Fraiture) as well as a botanist 
from the Royal Institute of Natural Sciences of Belgium (Freddy 
Damblon), has developed substantially, becoming better struc-
tured with closer ties between researchers.

This paper is an attempt to show how the accuracy of den-
drochronological analyses combined with an interdisciplinary 
approach has several key benefits, not only in terms of inter-
pretation and explanation of wooden structures, and architec-
tural heritage in general, but also in the context of their crea-
tion and development.
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We first examine the possibilities and limitations of dendro-
chronology as an absolute dating tool; next, we evaluate the po-
tential uses of this method in a multidisciplinary approach; fi-
nally, we discuss how much the outcome of these interrelated 
studies helps to reconstruct or describe the history of certain hu-
man behaviours.

Dendrochronology, a tool of absolute chronology

Initially, dendrochronology was above all a tool for dating wood-
en structures, giving chronological beacons which were particu-
larly valuable in providing the stratigraphic relationship of ar-
chaeological remains.

Of course, other dating techniques exist (14C, for example), 
but it must be admitted that for the archaeological analysis of 
buildings, this is one of the most efficient and best adapted, 
mainly because of the extensive availability of material to date, 
the possibility in obtaining relevant samples and the high level 
of precision and reliability of results.

Generally, most of the buildings studied had many wooden 
structures, as a result of which the availability of material for 
dating was not a problem. Moreover, sampling was done mostly 
under good conditions and with careful and pertinent selection, 
notably because they are extracted from complex constructions 
demonstrating synchrony or diachrony.

The debate regarding the precision of results should be ap-
proached on different levels. In general, when the material ex-
ists, there is no other method which can compete for the Middle 
Ages and Modern Times. All the studied buildings have system-
atically undergone dendrochronological analyses which have 
led to quite precise dating in most cases, that is to say the ex-
act date of felling if the bark is still present, which is often 
the case, or an approximate range of ten years in less favoura-
ble instances. More specifically and by way of comparison, 14C 
dates for the Middle Ages or Modern Times have in the best 
of cases a sigma of 35 years, which, if a 95.4% margin of ex-
actitude is required, results in a chronological range of a lit-
tle under 200 years! However, a dendrochronological date is 
sometimes confronted by problems caused firstly by factors ex-
ogenous to the method or the technique: are the most recent tree 
rings present on the samples? Where does the wood come from? 
How long between the tree being felled and its use in construc-
tion? Secondly, by endogenous factors: suitability of the ring 
series for dendrochronology (enough rings, including a strong 
enough climatic signal to be dated, etc.), the quality and availa-
bility of the data base of reference chronologies used. To give an 
example, when analysing a well-preserved, homogenous timber 

frame discovered in the aîle de l’Arvô of the abbey of Stavelot 
(Fig. 1), the complacence of the series was a real issue because 
it failed to synchronise the nine samples taken from this struc-
ture. In this case, we shall see how the use of 14C on the most 
recent growth rings (samples taken by Freddy Damblon of the 
Royal Institute of Natural Sciences of Belgium), combined with 
the archaeological studies (Bauwens and Raskin, 2004), enabled 
us to obtain a “consistent” result.

It can thus be seen how the dated pieces of wood can often 
be selected from the heart of complex human-made structures, 
guaranteeing the ability of achieving reliable reference points; it 
can be added that, for the same research question, given the re-
dundancy of the possibility of reasoning, could lead to a recon-
struction of synchronic or diachronic processes (for example, 
different stages of the construction and its evolution), multiply-
ing the number of dates obtained on key elements of distinct 
structures enables us to verify information.

All of this work led to a substantial increase in the number 
of dendrochronological dates requested. Over a period of ten 
years, the number of samples collected and analyses carried out 
has steadily increased. One of our first sites for the study of the 
archaeology of buildings, the Cellites convent at Liège, carried 
out with Catherine Bauwens, is a good example. The initial re-
quirement concerned the analysis of about ten samples, which 
were expected to date the roof timbers alone (Hoffsummer and 
Houbrechts, 1994); the outcome was that more than a hundred 
samples were subsequently analysed, enabling most of the wood-
en structures on the site to be dated (Houbrechts, 2000, 2001).

Therefore, across all the sites analysed, the extent of inves-
tigations spread progressively to include timber frames, floors 
and finishing elements such as panelling, internal shutters, etc. 
Moreover, as a result of developments in dating techniques, it 
was possible to analyse decorated, painted and sculpted wood 
panelling without sampling or removing the objects (it being 
possible to carry out the analyses in situ).

Contributions of a multi-disciplinary approach

Dendrochronology improves chronological precision,

helps ensure quality of interpretation, promotes and

stimulates research

All the qualities mentioned above have, quite naturally, led to 
a correlation of information with the other means of studying 
monuments, and this although the discipline tackles more easi-
ly the question of the origin of the wood, means and context of 
growth, etc. Consequently, dendrochronology is no longer just 
a tool of “chronological calibration”; it has become a tool for 
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study and interpretation which, along with other disciplines, 
has encouraged reflection, stimulated research and suggested 
new routes for investigation. The absolute chronology at its core 
has then been tested, explaining the logic of the assembly of 
wooden structures and the overall processes of all the elements 
of the construction. Any incongruity requires an explanation, 
justifying the undertaking of further dates and other analyses.

The study carried out in the Hôtel des Comtes de Méan in 
Liège is a good example to illustrate this point (Fig. 2). Situated 
at the Mont Saint-Martin in Liège, this Hôtel is famous for its 
southern façade, on which the date of 1620 appears, but whose 
upper windows were considered to be 18th-century renovations. 

During a recent excavation of the Hôtel, an early aisle was re-
vealed in this southern area of the property. On the first floor in-
ternal wall of the south façade, remains of a vast mural, painted 
in trompe-l’oeil and measuring about 16 metres long and four 
metres high were discovered (Fig. 3). It consists of an ingenious 
architectural decoration, which complements and emphasises 
the architectonic elements of the façade and incorporates por-
traits of famous figures such as Latin authors. These paintings 
cover the window arches, as well as the ceiling beams, which 
would have previously been tiebeams for the roof timbers.

Valuable chronological signposts were supplied to us by 
dendrochronologists. Several ground floor ceiling beams of this 
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Fig. 1

Modelling of the aîle de l’Arvô of the abbey of Stavelot, in the 16th centu-

ry. © B. Raskin, SPW-DGO4-DLg1-Archéologie
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building were dated: four of them gave a felling date attribut-
ed to the second half of the 16th century while the five others 
came from trees felled at the end of the year 1619d or the be-
ginning of 1620d. The precision of this second result would tal-
ly perfectly with the date on the front of the building. Moreover, 
the felling date of the first floor beams – the very ones associat-
ed with the round-headed windows and the mural paintings – 
is between 1661 and 1673d (Eeckhout, 2007). On the one hand, 
the work carried out on the upper windows can thus be dated 
and, on the other hand, a valuable terminus post quem was gi-
ven for the pictorial ensemble which was then submitted to the 
expertise of Pierre-Yves Kairis of the Royal Institute for Cultural 
Heritage who attributed it to either the 17th or 19th century as it 
could have been a pastiche.

While removing frames for dormer windows integrated into 
the roof timbers à la Mansart, some painted wood panelling, 
which had been reused, was revealed. The similarities between 
the motifs appearing on these pieces of wood and the paintings 
were striking. Pascale Fraiture analysed several fragments of 
the panelling and gave a terminus post quem of 1659d for the 
felling of the tree which supplied one of them (Fraiture, 2007). 
As mentioned above, this terminus is valid for the mural paint-
ing; given that painting on dated wood is the first finishing layer, 
we estimate that the paintings belong to the end of the 17th cen-
tury. Nevertheless, the decor would seem to have still been vis-
ible in the 19th century and doubtless, in some respects, valued 

as we have been able to identify additions and restorations at-
tributable to this period.

However, at one and the same time, dendrochronology

can cause glitches but, in spite of this, come up trumps

Real issues of the method
We consider briefly here the failure of the dendrochronological 
analysis of the timber frame wall 01.F23 of the aîle de l’Arvô at 
Stavelot (Fig. 1). The aim was to date the structure which ar-
chaeology had shown was the oldest remaining preserved. When 
attempts at dendrochronological synchronisation had failed 
twice, we decided to extract the most recent growth rings of two 
pieces of wood (5 rings of sapwood, for one; 11 rings containing 
sapwood and bark, for the other) and submit them to 14C dat-
ing. The results were surprising, and at first sight, unusable: 390 
± 40 BP for one (GrA-23915, sample: STA-AC-2a), 275 ± 40 BP 
for the other (GrA-24118, sample: STA-AC-1a). Calibrating com-
bined with research for the optimal probability of dates gave us 
a wide range: from 1430 AD to 1640 AD for one, and 1480 AD to 
1800 AD for the other. However, since the archaeological analy-
sis had shown that the timber frame wall was older than an ad-
joining construction dated by dendrochronology to 1522d, it was 
demonstrated to us that the 14C spectrum was not entirely in-
congruous. Thus, we were able to use the lower 14C bracket and 
propose a terminus post quem of 1430 and a terminus ante quem 
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Fig. 2

South façade of the Hôtel des Comtes de Méan in Liège. © C. Bolle, 

SPW-DGO4-DLg1-Archéologie
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of 1522d. Armed with this knowledge we again tried to evalu-
ate the dendrochronological results of the samples, but unsuc-
cessfully. The result was not in itself poor: further development 
is needed, but it has demonstrated that the mutual increase in 
knowledge produced by the different analytical methods can be 
a worthwhile exercise. This experiment was very useful in other 
ways: both from a methodological point of view, since dendro-
chronologists, botanists and archaeologists together participat-
ed in the removal and selection of the samples, but also from 
the point of view of the analysis of the results, which, in the end, 
succeeded in “calibrating”.

False problems
The investigations we carried out, from 2002 onwards, of two 
houses situated in Liège, Place Émile Dupont no. 9 and 10, are a 
good illustration of the wrong routes which can be taken.

The two houses, which were uninhabited and not listed, 
were destined to be demolished, in order to build an apartment 
building. An archaeological study was required before the hou-
ses were destroyed as the site and the buildings were suspect-
ed of containing remains of one of the most powerful abbeys of 
Liège in the Middle Ages: the Benedictine abbey of St James. 
This information was corroborated from the start of research 
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Fig. 3

Reconstitution of the mural paintings discovered on the first floor, inter-

nal face of the south façade of the Hôtel des Comtes de Méan in Liège. 
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0 1 m

245



and assumed an even greater importance due to the almost to-
tal loss of the archives concerning the convent buildings.

In spite of the plethora of samples taken from a variety of 
structures (roof timbers, beams, timber frame walls), which 
were contemporary in appearance, dendrochronologists were 
not able, at least initially, to supply dates. This initial failure was 
due to an error in chronological guidelines, which were based on 
the typology of some windows associated with the structures we 
were trying to date. Until this point, these had been attributed in 
our area to the 16th century for the most part. Giving too much 
weight to this theory, along with the freshness of the wood, had 
the effect of blinding us and pushed us to synchronise the time 
frame to somewhere in Modern Times; it took some time for this 
idea to lose favour.

The establishment of the initial relative chronologies, the inter-
disciplinary approach and notably the analysis of stone cutting 
directed us progressively toward the 14th century, which allowed 
dendrochronologists to get significant results in the synchroni-
sation of the data. The way was then clear for a fully interactive 
process to begin: two series of similar dates stood out and were 
supported by a closer examination of the structures; the construc-
tion, which had been considered until that point to belong to a sin-
gle period, needed to be divided into two phases (Fig. 4 and 5). The 
main structure, including façades and roof timbers, would have 
been built in about 1367–1377d, while interior and finishing work 
(beams, floors, timber frame walls, etc.) would not have been un-
dertaken until about 1374–1388d (Eeckhout and Houbrechts, 
2002). The rare written sources consulted on this subject yielded 
a valuable detail: a fire affecting the cloisters is recounted in 1369. 
The incident, which does not seem to have directly affected the 
building under study, entailed a suspension of works, as can be 
deduced from the addition of the elements uncovered.

This coming together of time-scales of the structures which 
had been uncovered allowed trial reconstructions of the differ-
ent layouts to be made (Fig. 6), allowed an understanding of 
the stages of construction but, above all, contributed to a dis-
covery of the major themes of the initial thought process be-
hind the project as, for example, a regulating line governing the 
plan and helping to trace the main lines of the elevations. All 
this demonstrated that the project was rigorously planned and 
that, in spite of the interruption on the site, the final result was 
in keeping with the initial project. The layout of the room spa-
ces and the use to which some of them were put can equally be 
deduced. This use of several sources also means that we can ex-
tend our knowledge of construction techniques.

Because this building seems to have been the seat of the same 
activity – a convent infirmary – at least from the 14th century to 
the late 18th century, all of the adaptations documented may in-
form us about the history of fashions and architectural con-
cepts, as well as developments in the treatment of the sick in 
this kind of context and thus more generally about the evolu-
tion of ways of thinking.

Discoveries

The discovery of latent structures
Dendrochronology also helps to reveal latent structures (ones 
which have disappeared but which can be reconstituted by us-
ing observations made of associated structures which are them-
selves either visible, either at least recordable) and possibly to 
evaluate their purpose.

The study carried out with Catherine Bauwens at the Cellites 
convent is of particular interest from this point of view (Bauwens 
and Bolle, 2001). The oldest wing of the convent, built in coal 
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Fig. 4

Detail of a truss, dating from the 14th century, discovered inside the 

medieval infirmary of the abbey of St James in Liège. © C. Bolle, 

SPW-DGO4-DLg1-Archéologie

246



CAROLINE BOLLE / JEAN-MARC LÉOTARD

Fig. 5

Reconstruction of timber framing and a truss, dating from the 14th cen-

tury, discovered inside the medieval infirmary of the abbey of St James. 
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sandstone, and called “la Licorne”, was reputedly from the 16th 
century, mainly because of the presence of windows decorated 
with ogee lintels, a characteristic of the Late Gothic.

At the start of the excavation, several medieval pointed arch 
windows of tufa stone, likely to date from before the sack of 
Liège by Burgundian troops (1468), were revealed on the old 
east gable wall. Its pendant has not, at this stage of the re-
search, been identified, but it gives us an initial clue testify-
ing to construction preceding the arrival of the Cellites (1520). 
Arguments in favour of this continue to mount: the building 
is the result of the fusion of several medieval structures. The 
transformations made by the religious community could in-
clude roof timbers, which have been dated to the 16th century 

(1534–1535d) by an initial dendrochronological analysis. The 
roof timbers appear at first sight to be very homogeneous; 
however, carpenters’ marks carved on the eight trusses which 
make it up reveal two series of distinct installations: in the east 
part, three trusses are numbered west to east by fine marks 
carved by a rainette while the other five are numbered in the 
opposite sense by a chisel (Fig. 7). Moreover, the alignment 
of the ridge purlin contains a fracture at exactly the point 
where the two series meet and, also, the façades show very 
neat breaks in the same way, indicating the past presence, at 
this place, of masonry which could be interpreted as being the 
pendant of the medieval façade. Thus, the initial study has 
produced a very favourable body of evidence which supports 
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Fig. 6

Modelling of the interior of the infirmary of the abbey of 

St  James, in the 14th  century, from the northeast. © O. Gilgean, 

SPW-DGO4-DLg1-Archéologie
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the past existence of at least two contiguous buildings used 
by the Cellites, being corroborated further by new dates ta-
ken from the four corners of this same roof. Things became 
more complicated once we obtained the dating of the monas-
tic cells, which were installed along the entire length of the 
two buildings in one operation: 1536–1541d. Taking into ac-
count the more than proved existence of the latent structure 
together with events and dates, we can conclude that the wall 
was intentionally used as a support when the roof was erected, 
but that its demolition was planned as is demonstrated by the 
way the distances between the trusses and the distribution of 
the cells do not allow for its presence and, in conclusion, that 
it was removed shortly afterwards.

Untangling the knots: diachronous synchrony at the Seigneur 
d’Amay and synchronous diachrony at Baar-Lecharlier
The multi-disciplinary approach also enables us to complement, 
verify and qualify the written and iconographic sources. By pro-
viding signposts, this approach can reveal, sometimes quite sub-
tly, not only the stages of a construction process but also actions 
that are a priori without explanation. By comparing sources, 
sometimes very obscure reasons for behaviours can be discerned, 
as was the case during the Seigneur d’Amay study.

Diachronous synchrony at the Seigneur d’Amay
The Seigneur d’Amay is the name given to a Late Gothic building 
which is situated in a narrow Liège street, at rue d’Amay. no. 12. 
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Fig. 7

Modelling of the Cellites convent in Liège, detail of the north aisle.

© B. Raskin, SPW-DGO4-DLg1-Archéologie
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The study we carried out was prior to its restoration and reha-
bilitation and also involved the neighbouring house (no. 10) as 
part of the same original project. Those buildings, considered an 
example of Liège architecture of the first part of the 16th centu-
ry, mainly because of the typology of windows decorated with 
ogee lintels, the L-shaped layout and the existence of a pro-
jecting stairway turret, seems at first sight to be a homogene-
ous single unit.

However, an analysis of the layout and the distribution of 
space revealed a clear tripartite division of the internal struc-
ture, following the entities perpendicular to the street, which 
can also be discerned on the façades. Further investigation 
showed an even greater complexity; close study of the structures 
revealed moments of indecision, of incessant changes. The car-
pentry work, consisting of three distinct and typologically dif-
ferent structures, shows traces demonstrating these actions, and 
only partially corresponding to the tripartite division seen eve-
rywhere else in the building (Fig. 8). Different typologies, meth-
ods of working, a lack of consistency of care given to construc-
tion and awkward joints between the structures goes counter to 
initial assumptions about this building: the exemplification of 
a unified site. Furthermore, the absence of a link between the 
façades and certain internal walls poses questions. The analysis 
of the spatial organisation and the particularly well-preserved 
architectural elements at no. 12 demonstrate the autonomity, 
from the 16th century, of no. 12 from no. 10. Eventually, we dis-
covered that the turret stairway was installed a posteriori in the 
interior angle formed by the two wings of no. 10; the construc-
tion of the roof timbers having necessitated significant changes 
and resulting in the removal of some roof coverings of the prin-
cipal buildings.

On the basis of all these observations, we were tempted to 
conclude that both buildings had been subject to several con-
struction stages, after an initial building period in the 16th cen-
tury. Any form of contemporaneity seemed to be out of the ques-
tion. However, we were perplexed by the dendrochronological 
analysis results: they revealed that all the wooden structures 
were felled at the same period, around 1541–1555d (Eeckhout, 
2004). What had happened during the execution of this project 
to generate such heterogeneity and such structural complexity?

At this stage, the monumental sources were not forthcoming. 
It was the historical sources, initially examined by René Jans 
and more recently reviewed by Geneviève Coura, which gave 
us the key to the enigma. The tripartite division of the inter-
nal structure related to the perpendicular structures is dictated 
by the land divisions of the original plots: Thiry de Noville ac-
quired in 1544 two plots of land including some ruins which he 
incorporated into the house he had built, probably correspond-
ing to the current no. 10. A third plot, currently occupied by 
no. 12, was given to him by his father-in-law, Jean de Hoyoul, 
who was also owner of the building on the neighbouring land. 
Thiry de Noville was obviously not able or willing to move away 
from the restrictions of the medieval land divisions. Maybe at 
the outset of the project he did not expect to have all these plots 
of land at his disposal and certainly not that he would acquire, 
at some later date, his father-in-law’s house. In fact, the only 
place where a solution regarding continuity in the construction 
of the façades can be seen is in the contact with this construc-
tion, stone and bricks waiting here in expectation of a southern 
extension, which was never built.

But what explanation is there for the other evidence of 
heterogeneity and obvious decline, which can be seen in 
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Fig. 8

Detail of the carpentry of the house called the Seigneur d’Amay and of 

the house linked to this one. © C. Bolle, SPW-DGO4-DLg1-Archéologie
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the construction, up to the last stages of the building work? 
Observation shows that the owner attempted an ambitious 
project, but that he had to adapt it somewhat after having run 
into difficulties during its execution. This hypothesis is corrob-
orated by the conclusions of the historical study which shows 
that, in his will written not quite eight years after his acquisition 
of the land, Thiry de Noville drew a distinction between a large 
and a small house: “the large house” (undoubtedly the current 
no. 10) to be sold by auction and “the small house” (no. 12) to be 
kept by his wife. Thus, he decided to divide the property, which 
was probably still under construction.

When considering the results of this analysis, it is important 
nonetheless to evaluate the true value this group of buildings 
brings in terms of reference to civil architecture in Liège. In this 
respect, this building cannot be considered overall as an arche-
type. It is part of a project, which, while homogenous in appear-
ance, was not able, for diverse reasons, to depart from the me-
dieval plot divisions on which it was developed or from some 
pre-existing constructions. Although the design appears to have 
been constantly evolving, the partly realised construction proc-
ess failed or rather the project was modified in order to revert to 
a subdivision of principal entities corresponding in part to those 
of the original plot boundaries. A series of internal and exter-
nal modifications of the buildings took place as a result of this, 
which “bastardised” the ensemble.

Synchronous diachrony at Baar-Lecharlier
Since 2006, the Hôtel Baar-Lecharlier, another Liège proper-
ty which once was the site of a canonical house attached to the 
collegiate church St Denis, has been under archaeological study 
prior to its renovation. The main edifice, with its compelling 
volume in the centre of the property, is flanked by small later-
al wings. The southwest wing appears to be an addition in the 
sense that, from the second floor, it obliterates some magnifi-
cent Renaissance tufa stone windows, which were closely linked 
to the overall volume. In this case, a priori the date of the im-
posing roof timbers of the main building (felling about 1564d) 
can serve as terminus post quem for the erection of this annex. 
Nevertheless, an examination of the annex structures clearly 
shows them to be, in several places, contemporaneous with the 
main building; this seems, however, not to be the case when con-
sidering the roof space, as we have seen. To spice things up even 
further, dendrochronological analysis gave a similar date to the 
roof timbers of the smaller building as that of the larger one. The 
only acceptable solution is to suggest that old wood was reused 
and so why not roof timbers. This solution was confirmed by a 
meticulous analysis carried out in close collaboration with Sarah 

Cremer (PhD student, University of Liège), which revealed a se-
ries of disassemblies and reassemblies with some modifications. 
This knowledge combined with several pieces of information left 
in the masonry underlying the roof timbers, indicating that they 
had not come from far away, and that they had been positioned 
at a lower level in an earlier building project.

It is self-evident that such assemblies of objects, which are 
buildings, are the reflection of many concepts and ideas with the 
ability to inform us about human behaviour. But testing the chro-
nology of these facts, combined with meticulous examination of 
structures, can lead sometimes to expected results confirming our 
knowledge, in other cases to completely unexpected or surprising 
propositions. These will help to refresh our knowledge.

Broadening our perspectives
and new avenues of research

It has been possible recently to study a large variety of build-
ings within the province of Liège, using a methodology which 
advocates a multi-disciplinary approach, at the heart of which 
an essential role is played by dendrochronology. By applying 
this temporal filtering process to the various interpretations, we 
have reached a deeper understanding of the history of architec-
ture, among other benefits. The comparison of the results of dif-
ferent studies has enabled us to identify interactions and to em-
phasise buildings where new concepts have been developed, on 
a local level at least, warranting further study to identify their 
evolution and their origin. This initiative, although in its infan-
cy, will provide both a better understanding of the influence of 
intellectual and artistic movements from far and wide, and will 
also result in a revision of certain models.

By way of an example, potential avenues of research relating 
to the infirmary of St James abbey are numerous and far from 
being totally exploited. These will open up different areas of re-
search relating to building conceptualisation: the designing of 
plans, elevations, the proportion of space, volumes, standards, 
regulating lines, the structuring of space, the choice of materi-
als, etc., which will in turn raise questions relating to the origins 
and means of transmission of this knowledge. One of the areas of 
research which became clear concerned the windows with mitre 
lintels of this medieval infirmary, the same ones which caused in-
itial hesitations over their dating. Now we know that their dating 
must take into account methodological observations concerning 
their particularly complex composition. It would seem appropri-
ate to describe their morphology in the 14th century as follows: 
a free-standing frame casing trimmed in quarter- hollow, frames 
monolithic jambs and a mitre lintel slightly set back (Fig. 9). 
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This frame casing constitutes an intermediary decorative ele-
ment between the course of the facing masonry and the open-
ing; it links the different plans. The decor is not found on the 
entire periphery of the frame: indeed, a straight return of the 
quarter hollow lies in a dado providing the intermediary element 
between the jambs and a projecting sill. A quick look at a few 
Romanesque buildings shows that this technique was used well 
before the 14th century and that it is not therefore the preserve 
of Gothic style alone; it can be found, in various forms, in the 
12th century rue du Vieux-Pont in Huy, in the 13th century mill of 
Floreffe abbey, and also in various medieval keeps such as that 
of Nandrin. But we find also that the technique persists beyond 
the 14th century: there are several examples on the Mont Saint-
Martin in Liège such as the Hôtel de Sélys-Longchamps, dating 
from the end of the 15th century. In this case, although the gener-
al appearance is the same, the implementation of the composite 
elements which made it up originally has been forgotten; they 
have become sculptured decoration in the facing masonry. More 
subtle points appear under analysis when close attention is giv-
en to this model, whose use continued over almost 500 years and, 
strengthened by observation and dating, we are today tempted 
to try to explain it as part of the development of what is called 
in Liège the “Renaissance mosane” style. This debate is also 
fuelled by the growing amount of information concerning the 
early 16th century (rue Saint-Hubert, Galeries Saint-Lambert, 
Seigneur d’Amay, Cellites convent), an era which represents the 
peak of the Late Gothic. Nevertheless, in the middle of the 16th 
century, there seems to have been an abrupt break from this 
long medieval tradition, for a time or in certain circumstances, 
by the blossoming of the “Renaissance italianisante”. Witnesses 
to this are the façades of several Liège buildings, such as the 
Hôtel Baar-Lecharlier (1564d) as well as renovations and interi-
or decoration of the old infirmary of St James abbey, under the 

abbacy of Herman de Rave (1551–1583), who was also the origi-
nator of the porch of the abbatial church of St James, dated 1558 
and attributed to the celebrated architect and artist, Lambert 
Lombard (1505/06–1566).

Apart from what we have discussed, and if we do not re-
strict ourselves to the historical centre of Liège alone, this re-
search has demonstrated that our ancient heritage, and more 
particularly medieval civil heritage, which had until now been 
considered as having been destroyed by Burgundian troops in 
1468, is in fact much better preserved than believed. The multi- 
disciplinary approach has thus helped to reveal the presence of 
an archaeological reserve, still standing, whose extent had been 
greatly underestimated until now.

In addition to these advances, which will hopefully add to our 
understanding of stylistic evolution, we believe that there are 
others which will help us address a series of different behaviours. 
Let us focus on what we can discover about socio- economic evo-
lution thanks to the additional contribution of data coming from 
historical sources (thanks in particular to the computer data-
base created from detailed review of the Registres aux œuvres 
des Échevins de la Souveraine Justice de Liège)1, let us recall 
what we discover today relating to internal decoration, the uses 
to which different parts of buildings were put, etc. Little by lit-
tle, these will narrow the artificial dichotomy between man, the 
built structure in which he lives, his environment and his culture.

To conclude, by placing material items in their context, the 
goal is not only to identify the development of building concep-
tualisation and construction processes but, more essentially, the 
evolution of human behaviour.
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On Brussels carpentry (15th-18th centuries). 
Contributions of dendrochronology
to the study of buildings

Summary

Since 2001, the architectural and archaeological heritage of 
Brussels has benefited from dendrochronological studies, as 
the result of an agreement between the Monuments and Sites 
Directorate (MSD) of the Brussels-Capital Region and the 
Laboratory of dendrochronology of the University of Liège 
(ULg/CEA Lab). Most requests for analyses come from different 
regional or municipal cultural heritage authorities in the frame-
work of protecting monuments; such analyses serve as prelimi-
nary studies prior to restoration or archaeological research. At 
present, no program of dendrochronological research is planned 
by the authorities. Nevertheless, upcoming years should see the 
definition of targeted zones coupled with the establishment of 
more systematic dendrochronological research.

The contributions and limits of dendrochronology in the 
analysis of buildings will be underlined in this paper using ex-
amples of studies carried out by the Royal Museums of Art and 
History (RMAH) in association with the MSD or by the Unit 
Historical Heritage Brussels. Research undertaken at the La 
Cambre abbey, the Merode residence, a living house located in 
the protected zone around the Grand Place, the Brussels Town 
Hall and the Saints-Jean-et-Étienne-aux-Minimes church will 
be discussed. The first three cases result from multidisciplinary 
research, combining archaeological investigation, historical 
studies and dendrochronological analyses, preliminary to res-
toration or demolition projects. The latter two cases present the 
results of both archive review and dendrochronological exami-
nations of the frames before subsequent restoration.

Vincent Heymans
Ville de Bruxelles, Urbanisme – Architecture, Cellule Patrimoine historique (CPH), Brussels, Belgium

Philippe Sosnowska
Centre de Recherches en Archéologie et Patrimoine (CReA-Patrimoine), Université libre de Bruxelles (ULB), Brussels, Belgium

Key words  building archaeology / multi-disciplinary approach / history of architecture / 
          civil and religious architecture / protection-restoration projects

The dating of roof frames and beams enables the very pre-
cise determination of the construction phases of the site studied. 
However, it goes beyond the strict framework of establishing the 
overall sequence of development of the building by additional-
ly providing a chronology for the implementation of techniques 
used for different types of structures. This kind of study has rare-
ly been done in building studies in the Brussels region. Putting 
these different research projects into a broader perspective will 
lead to a socio-economic interpretation of the use of the wood 
during the Ancien Regime in Brussels and bordering regions, 
particularly with respect to the origin, supply and transport of 
timber. Nevertheless, the main difficulty encountered in this dis-
cipline is the dating of samples. This results from the forest envi-
ronment from which the timber was extracted. It is thus essen-
tial that such research is part of a multidisciplinary framework 
to identify the various phases of construction at a given site.

The dendrochronological analyses already completed, and 
those yet to come, should enable comprehension of the typolo-
gy of roof frames through the systematic drawing of the struc-
tures. The ULg/CEA Lab will gradually establish a sequence of 
regional development through the combined interpretation of 
the dates obtained and results from heritage studies.

Introduction: context of the project

Before 2001, dendrochronological analyses of roof frames had 
rarely been carried out in Brussels. Since then, the Monuments 
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and Sites Directorate (MSD) of the Brussels-Capital Region 
has developed this type of study through the incentive of the 
Archaeology unit, which resulted in an agreement made with 
the Laboratory of Dendrochronology of the University of Liège 
(ULg/CEA Lab).1 Analyses involve constructed heritage sites 
and wood discovered during archaeological excavations. At 
present, not less than 65 sites have been investigated.

Most requests come from various regional or municipal 
cultural heritage authorities: the Archaeology, Protection and 
Restoration units of the MSD, the Historical Heritage Unit of 
the City of Brussels and the Royal Commission of Monuments 
and Sites of the Brussels-Capital Region. It should be noted 
that some large complexes, like the La Cambre abbey and the 
Rouge-Cloître priory, were the object of a series of dendro-
chronological investigations associated in both cases with large-
scale restoration projects. These projects were accompanied by 
archaeological campaigns concomitant with the realisation of 
the Atlas du sous-sol archéologique de la Région de Bruxelles 
dedicated to Auderghem (Guillaume and Meganck, in press), 
the Quartier Louise (Brussels) (Guillaume and Meganck, 2009, 
p. 30–61) and Ixelles (Guillaume and Meganck, 2005, p. 70–
84).2 At the current time, no program of dendrochronological 
research is planned by the authorities. Nevertheless, upcom-
ing years should see the definition of targeted zones coupled 
with the establishment of more systematic dendrochronologi-
cal research.3

Motivations

In addition to the inherent scientific contribution to such 
projects, the motivations and objectives of this kind of analy-
sis consist in saving, protecting and/or restoring cultural herit-
age. Within the framework of a protection procedure, dendro-
chronological analyses, in the broader sense and not only in 
terms of dating, bring further scientific validity to arguments 

based on historical, archaeological, artistic, aesthetic and in-
terest criteria4, as the request for protected status of two build-
ings in the rue de la Madeleine no. 29–315 and the rue Neuve 
no. 39–43 in Brussels illustrates. This type of analysis is all the 
more important given the lack of archives referring to common 
housing.6 Such analyses also compensate in part for the rarity 
of preliminary studies on Brussels monuments, resulting essen-
tially from a lack of personnel and financial means and can rap-
idly respond to the urgency of certain cases. The quality/price 
ratio and the relative ease of execution of dendrochronological 
analyses, in contrast to the archaeological analysis of a com-
plete building, which is more intrusive and takes much longer 
to carry out, make them the best option for the authorities for 
the objectification of the projects and protection procedures, as 
a supplement to the information provided by the Inventory of 
Monumental Heritage.

In restoration contexts, dendrochronological analyses can be 
included in preliminary studies if the construction project aims 
to modify the existing aspect of the building.7 In this view, the 
role of such scientific research, in addition to the historical ap-
proach, is to document the state of the wooden structures be-
fore transformation. Dendrochronological analyses also enable 
the planners of building projects to establish the principles and 
adequate options for the restoration.

The restoration of the Dewez house, located at rue de Laeken 
no. 73–75 in Brussels, is a good illustration of the problem 
of preservation and restoration. In 2002, the Art & Build of-
fice proposed, in its pilot study, the demolition of part of the 
building, particularly in no. 73, to highlight the elements dat-
ing to the 18th century and attributed to the architect Laurent-
Benoit Dewez. Such an option was based, in a careless way, 
on the conviction that it was improbable that one of the mas-
ters of Neoclassicism would have deliberately created such an 
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4. The definition given by article 206 of the Brussels Code of the Town 

and Country Planning (COBAT) of 2004, besides the aforesaid qualities, 

is increased by the criteria of scientific, social, technical or folk interest. 

5. Government of Brussels-Capital Region decree, protection, on 12 June 

2008; this decree makes explicit reference to the dendrochronological 

study ordered on the occasion of the classification procedure.

6. Government of Brussels-Capital Region decree, protection, on 28 April 

2005.

7. Government of Brussels-Capital Region decree, protection, 17 January 

2002, article 38bis. However, this order does not specify the nature of the 

preliminary studies. These are generally defined and formulated by the 

MSD and/or by the Royal Commission of Monuments and Sites.

1. This information was collected from Stéphane Demeter, coordinator of 

the Archaeology unit of the MSD of the Brussels-Capital Region.

2. We would like to very much thank the authors for having allowed us to 

consult their manuscript.

3. The determination of these zones constitutes a major line of research 

set up by the ULB/CReA-Patrimoine through a post-doctoral study by 

Paulo Charruadas: Building archaeology in Brussels region. Documentary 

implementation, analysis and elements of program realised in associa-

tion with the MSD within the framework of the Prospective Research for 

Brussels program.
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asymmetric and unharmonious whole.8 This idealised aesthet-
ic vision of the architecture of that period was not accepted by 
the authorities in charge of the case9 and further, contradicted 
by dendrochronology which brought to light the existence of a 
homogeneous roof frame covering the entire building of no. 73, 
dated between 1774 and 1776 (Eeckhout, 2004). In addition, the 
archaeological study of the building and a second phase of den-
drochronological research on a set of beams by the laborato-
ry CEDRE (Perrault, 2008), compared with the results of the 
wallpaper analyses obtained by the Royal Institute for Cultural 
Heritage (IRPA/KIK), as well as the review of the censuses, 
demonstrated that the works of the architect were later than 
this date. Laurent-Benoit Dewez had clearly taken into account 
a pre-existing building and incorporated it within his project 
without substantial changes to the structures (Sosnowska, 2009, 
p. 112–122; Perrault, 2008, p. 16–21).

From a scientific point of view, the dating of wooden struc-
tures by this type of study – when possible – complements and 
supplements the available archaeological and historical data, and 
improves the mapping of the architectural landscape of the city. 
This dimension has its importance because the current city cen-
tre of Brussels was ravaged during the bombardment of the city 
in 1695 by the troops of Louis XIV, commanded by the marshal 
of Villeroi. Sources for this period relate the destruction of four 
thousand houses, approximately corresponding to a third of the 
building surface of the city (Culot et al., 1992, p. 93–96). There 
is thus, in a certain way, for scientists studying the history of 
Brussels, “one before and one after” the bombardment. The scale 
of this disaster and the reconstruction which followed cannot be 
completely characterised by a material point of view, owing to 
the many transformations of the housing environment over the 
following centuries, particularly the large-scale urban renewal of 
the 19th and 20th centuries.10 In addition, the unstable and precar-
ious political status of the Brussels institutions before the crea-
tion of the Brussels-Capital Region in 1989 and the indifference 
of the National Service of Archaeology to the Brussels territory 

contributed to the irreparable loss of a significant part of the ar-
chaeological heritage (van Eyll, 1994, p. 11–13).11 From this point 
of view, the dates obtained are all the more important as roof 
frames, now clearly dated, sometimes go back to the 15th century. 
The existence of houses with half-timbering is well-attested by 
urban renewal ordinances from the 15th to 17th centuries as well as 
by the many available iconographic documents (Martiny, 1980, 
p. 46; Charruadas and Hagelstein, 2005). Nevertheless, archae-
ological testimonies are rare; the only identified case dates from 
the end of the 15th century and is situated in Uccle, seven km from 
the city centre, in other words, outside the urban environment of 
the Ancien Regime (Houbrechts and Costa, 2002).12

The dendrochronological analysis of the roof frames is not 
limited to this unique aspect; it also enables comprehension 
of their typology, through the near-systematic drawing of the 
structures. These drawings, paired with the dates obtained, 
made it possible for the ULg/CEA Lab to gradually establish a 
regional sequence of development. It also makes it possible to 
address the technical history of carpentry. Putting these differ-
ent aspects into perspective will lead to a socio-economic in-
terpretation of the use of wood during the Ancien Regime in 
Brussels and bordering regions, particularly with respect to the 
origin, supply and transport of timber. The link that the city of 
Brussels and its surrounding area had with the forest of Soignes 
appears here.13 From the 14th century onwards, management of 
the forest was the subject of very complete and detailed legisla-
tion, intended to guarantee good administration and better ex-
ploitation, but also to stop the many problems of abuse in this 
ducal domain (Pierron, 1973, p. 80–82; Smolar-Meynart, 1987, 
p. 87–94). It should be noted that during the Ancien Regime, 
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8. For more information about Laurent-Benoit Dewez see: DUQUENNE X., 

1978, Le château de Seneffe, Brussels, 291 p.

9. This information was collected from Françoise Boelens, architect- 

attached to the MSD of the Brussels-Capital Region.

10. Michel de Waha, however, demonstrated the existence of several pre-

served structures which could be prior to the bombardment of the city, in 

particular in the rue de la Violette, situated in the centre of the bombard-

ed zone. These discoveries would tend to moderate the scale of the des-

tructions (de Waha, 1993, p. 38).

11. It should be specified that the first archaeological unit was created 

in 1996 and integrated in the Monuments and Sites Service, the cur-

rent MSD, connected with the Administration of the Town and Country 

Planning and the Housing of the Ministry of the Brussels-Capital Region 

(Demeter, 2002).

12. This concerns the Abreuvoire farm dated by dendrochronology 

(Houbrechts and Costa, 2002). 

13. This consideration will be included in the overall study of building ma-

terials in the Brussels Region, thanks to the implementation by the ULB/

CReA-Patrimoine of a research project: SOSNOWSKA P., Contribution to the 

history of the architecture in Brussels. Archaeological, technical and his-

toric study of building materials used in Brussels buildings (13th-19th cen-

tury); it should be noted that the forest of Soignes has already been the 

subject of several studies, in particular by Pierron (1973) and Maes and 

Maziers (1987), but also on its jurisdiction (Smolar-Meynart, 1991).
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overexploitation of the forest was criticised on numerous occa-
sions by the Chamber of Accounts, both for common and ex-
traordinary felling (Pierron, 1973, p. 81–146).

In this context, dendrochronological investigations in the 
Brussels region confront difficulties in Low and Middle Belgium, 
namely the tendency to complacence and a very fast growth rate 
of the wood (Eeckhout, 2005). This last example reveals a scat-
tered forest characterised by a low treetop. The trees exploited 
were rather short and had wide trunks. Roof frames with por-
ticoes, whether in common rafter roof or in a frame with truss-
es and purlins, appear as an adaptation to the forest resourc-
es, which were unable to supply large quantities of wood of 
sufficient length (Eeckhout et al., 2004, p. 104). This problem 
is very well illustrated by the construction of the Aula Magna 
of the Coudenberg Residence whose ceiling, with a width of 
16.54 m, required wood from the forest of Mormal, southeast of 
Valenciennes, famous for its tall oaks (Dickstein-Bernard, 2007, 
p. 56–57). Claire Dickstein-Bernard specifies on this subject that 
in the 15th century the forest of Soignes was no longer able to 
supply beams of this size (Dickstein-Bernard, 2007, p. 56).

Contribution of dendrochronology 
in building studies

Cistercian abbey of La Cambre
This research led to the publication of the Atlas du sous-sol 
archéologique de la Région de Bruxelles, for the municipali-
ty of Ixelles and to the Quartier Louise (Brussels; Guillaume 
and Meganck, 2005, p. 71–84; Guillaume and Meganck, 2009, 
p. 38–61), as well as a series of archaeological excavations and 
archaeological studies of buildings led collectively by the Royal 
Museums of Art and History (RMAH) and the MSD, which were 
accompanied by an exhaustive campaign of dendrochrono-
logical analyses made by the ULg/CEA Lab. All these analyses 
demonstrated the importance of such multidisciplinary research 
(Degraeve et al., 2006).

This outer-urban abbey, built in southeast Brussels, was es-
tablished at the beginning of the 13th century by Henri I, duke 
of Brabant. In 1232, the abbey was affiliated with the Cistercian 
Order. Following the destruction during the Wars of Religion at 
the end of the 16th century, the monastery was gradually recon-
structed until the middle of the 17th century. During the 18th cen-
tury, abbesses ordered the embellishment of the monastic com-
plex. The abbey was finally suppressed on 17 November 11796 
after having been declared a national estate (Guillaume and 
Meganck, 2005, p. 70–75; Guillaume and Meganck, 2009, p. 38–
42; Degraeve et al., 2006, p. 42).

The ancient abbey church – current Notre-Dame church –, 
goes back to the 14th century and is the oldest building stand-
ing still preserved on the site. Its construction began before 
1350 with the chancel and ended around 1400 with the façade. 
Burned in 1581, the church was restored under the abbacies of 
Catherine d’Ittre (1594–1599) and Jeanne Pépin (1599–1642) 
(Guillaume and Meganck, 2009, p. 42). Dendrochronological 
dating of the roof frame of the choir confirms what the ar-
chives tell us: the felling of the trees is estimated between 1598 
and 1599 (Eeckhout and Galand, 2005b; Degraeve et al., 2006, 
p. 43). This is a frame with trusses and purlins formed by three 
stacked porticoes (Fig. 1) with a span of 12 m covering a width 
of around 11.20 m. In the choir, all the superior faces of the tie-
beams and those of the plan of roof beams are characterised 
by empty assemblies indicating that there were bridgings sup-
porting a floor. An altered painting covers both tiebeams but 
does not seem to be fixed on the plan of the roof beams. The 
paintings are directly applied to the wood and consist of a 
white layer on which are painted, on the side faces, Latin texts 
and strips with volutes developing on the lower face (Fig. 2). 
It should be noted that traces of paintings decorating the sides 
of the beams appear to extend in certain places up to the edges 
of the superior faces, which would indicate a ceiling with vis-
ible joists. Finally, the many visible drying cracks mutilating 
these finishes (Fig. 3) indicate two things. First, the wood used 
was fresh; the use of fresh wood has been demonstrated sev-
eral times by Patrick Hoffsummer for Wallonia (Hoffsummer, 
1999, p. 41–42). Second, the deformation certainly required the 
execution of a new ornamental set whose vestiges appear to 
be preserved in the flank of the vaults covering the choir – the 
current line of vaults results from the restoration of 1920–1948 
(Eeckhout and Galand, 2005b; Degraeve et al., 2006, p. 43). 
The first decoration may thus have been conceived for a very 
short period.

Dendrochronology of the abbess’s residential quarter added 
to the available historical and iconographical data, and better 
defines the various transformations made in the 18th century on 
all of the buildings encircling the main courtyard and adjacent 
to the church, as well as the infirmary, the school and the agri-
cultural quarter. All of the buildings are covered by frames with 
trusses and purlins with the characteristic porticoes common 
in the Brussels region (Eeckhout and Galand, 2005b; Degraeve 
et al., 2006, p. 43). The first construction phases were realised 
shortly after 1727–1728 and were spread out until 1770–1787, 
the last obtained interval. It should be noted for the abbatial 
residence that the period of felling took place in spring 1759, 
which coincides with the date of 1760 forged in the iron fanlight 
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of the main door. It once again shows the use of fresh wood 
in the building of roof frames (Eeckhout and Galand, 2005b; 
Degraeve et al., 2006, p. 43).

The Merode residence, rue aux Laines no. 35

In 2005, the implementation of a vast renovation project of 
the partially protected Merode palace forced the MSD to or-
der an urgent building archaeological study to investigate and 
record the structures, which were to be demolished. The Merode 
residence is one of the rare aristocratic houses of the 16th and 
17th centuries preserved intra muros, the majority having been 
demolished during urban construction of the 19th and 20th cen-
turies. This ancient house nevertheless suffered the enthusiasm 
of the modernisation of the 1950s and 1960s, with the demolition 

of about half of its built surface. The recent renovation regret-
tably did not spare it, either…

The archaeological analyses of the building proposed the ex-
istence of a first core of a preserved standing house whose sculp-
tured beams have a felling date between autumn 1515 and winter 
1516 (Fig. 4). In addition to the importance of the discovery of 
this housing – two façades with original coating (incomplete), a 
fireplace and part of a floor – (Demeter and Sosnowska, 2007), 
the tree-ring dating identified the oldest beams of private urban 
housing in Brussels (Eeckhout, 2006). It also indicated an en-
largement phase after 1526 (Eeckhout, 2006, p. 4).

Several other phases were identified in the 16th century, but 
without dendrochronological dating for the above reasons 
(i.e. rapid growth and complacence). The same goes for the 
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Fig. 1

Notre-Dame de la Cambre church, roof frames covering the vaults of the 

choir, dated at the end of the 16th century. © P. Sosnowska, RMAH–MSD

Fig. 2

Notre-Dame de la Cambre church, detail of the decoration covering the 

tiebeams. © P. Sosnowska, RMAH–MSD
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17th century. No date was determined by this method for the con-
struction by Alexandre de Bournonville. Nevertheless, the peri-
od of execution could be identified by the dedication stone dat-
ed between 1616 and 1618 found in one of the cellars (Demeter 
and Sosnowska, 2007, p. 54).

The construction of two pavilions, later than the campaign 
attributed to Alexandre II de Bournonville, was determined 
by both archaeology and dendrochronology through the dat-
ing of beams originating from trees felled between 1670 and 
1680. This result is important in the study of the site because it 
proves that the Baroque ceilings decorated with the family coat 
of arms and generally considered as ordered by Alexandre I 
were actually a realisation of his son Alexandre II (Fig. 5). The 
obtained margin could be reduced due to the discovery by 

endoscopic camera of another comparable ceiling. The coat of 
arms this time includes the necklace of the Golden Fleece that 
Alexandre II received in 1673 (Sosnowska, 2008, p. 37). Two 
phases of renovation were thus determined: the first between 
1670 and 1673 and the second between 1673 and 1680. It should 
be noted that the ceilings are not without similarities to the 
decorating of the Ruysbroek-lez-Puurs Curate dated from 1667 
(Wauters, 1855, p. 118–119). A series of floors was connected to 
the construction of the pavilions. The contribution of the dat-
ing here goes beyond the strict framework of determination of 
the overall development of the site and makes it possible to re-
construct the chronology of techniques used for different types 
of structures. This kind of study is still rare in building studies 
in the Brussels Region.
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Fig. 3

Notre-Dame de la Cambre church, tiebeam with drying cracks.

© P. Sosnowska, RMAH–MSD
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Brussels Town Hall

This remarkable example of Gothic civil architecture awaits an-
other monograph given of its historic and artistic interest. Some 
publications discuss the treasures it contains, after having men-
tioned the main phases of construction and succeeding recon-
struction phases from 1402 to the first decade of the 18th centu-
ry, but no study discusses its roofs thoroughly.

In anticipation of a complete restoration of the building’s 
roofs, still to be scheduled14, the Historical Heritage Unit of 
Brussels City carried out a historical analysis of this under-
estimated part of the Town Hall (Demeure and Heymans, 2003). 

The work is based on the study of roof frame elements still in 
place in the attics, the reading of the reconstruction accounts of 
the building after the bombardment in 1695 and the iconogra-
phy, including engravings and paintings until the 19th century 
and complemented, at least for the outer aspect of the roofing, 
by photos from the 1850s.15

Since its reconstruction in the beginning of the 18th centu-
ry, the Brussels Town Hall appears in the form of two main 
bodies with an L-shaped plan surrounding a trapezoidal inner 

VINCENT HEYMANS / PHILIPPE SOSNOWSKA

Fig. 4

Merode residence, floor frame dated from the 16th century.

© P. Sosnowska, RMAH–MSD

14. The restoration work will not be carried out before 2013.

15. The earliest engravings of the Town Hall date to the second half of 

the 17th century. The first photograph of the building was taken in 1856 by 

L. P. T. Dubois de Nehaut.
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courtyard. The Gothic part, reconstructed behind the preserved 
original façades, is situated in front of the Grand Place with a 
wing in return bordering the rue Charles Buls; the addition in 
Classical style is situated along the rue de l’Amigo with a per-
pendicular wing in return on the rue de la Tête d’Or.

The roof of the Gothic building was reconstructed after the 
fire that ravaged the city during the siege of 1695, but preserved 
its characteristically acute profile, pierced by four rows of at-
tic windows arranged in staggered rows. The new part is cov-
ered with a less stiff roof, a sort of compromise between the me-
dieval tradition and the more modern style.16 The slope of this 
roof is hardly less steep than that of the Gothic part (Eeckhout 
and Houbrechts, 2004, p. 3). The transformation of the at-
tic windows and the disappearance of decorative elements – 
ears, crests, etc. – during the repairs, which succeeded one an-
other over a period of three centuries, are not discussed here 
(Demeure and Heymans, 2003).

Accounts of building reconstruction allow us to follow the 
succession of the events rather precisely. For the Gothic part, im-
plementation of the timber began in December 1704 with the first 
wooden deliveries.17 Roofers worked during 1706; the decorative 
metallic elements of the roofs were gilded in November of the 
same year.18 From March 1706, the carpenters engaged for the 
reconstruction of the Town Hall sought large quantities of wood, 

probably for the construction of the new building.19 Trees were 
cut down in the forest of Soignes, squared on the spot and then 
transported into town. The slates ordered in September of the 
same year were devoted to the new building, which by then must 
have been almost completed. Nevertheless, the roofers continue 
to be mentioned as present on the construction site until 1710.

Over the course of the centuries, the roofs of the Town Hall 
were frequently repaired. Without being exhaustive, an impor-
tant intervention following a storm in 1808 can be mentioned; a 
systematic campaign of replacement of the slates on the exteri-
or side of the roof facing rue de l’Amigo took place in 1819; the 
vast campaign of repairing in 1933–1934 is also attested by the 
preserved administrative files. Yet none of these repairs seem to 
have had an effect on the roof structure; only laths and rafters 
may have been replaced.20

If we exclude the many minor modifications (addition, re-
moval or transformation of attic windows, progressive disman-
tling of the ornamental elements, etc.), the roofs of the Town Hall 
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Fig. 5

Merode residence, Baroque ceiling dated from 1670–1673.

© P. Sosnowska, RMAH–MSD

16. The architect Corneille Van Nerven did not go as far as covering his 

building with a curved roof, as did his contemporary Guillaume De Bruyn 

during the construction of the Dukes de Brabant house on the Grand 

Place in 1696–1698.

17. Archives of the City of Brussels (ACB), Fonds Archives anciennes, li-

asse 505.

18. Ibidem: “Item vergult den 17 november 1706 het copere appels om 

op de dack van het stadt huys […]”

19. Ibidem: “25 meert tot den 12 january 1707 betael door mij Francis Van 

Benthem meester immerman deser stadt door ordeere vande heere tre-

soriers ende rentmeesters aan het saeghe en de vraethe ende het kappe 

van de boomen voor het stadt huys […]”

20. ACB, Fonds Travaux publics, dossiers 7317, 61962, 95589 and Fonds 

des Actes administratifs, ff. 1139–1141, vol. 8.
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underwent a single structural transformation that affected only a 
limited zone of the roof frames. The municipal architect Pierre-
Victor Jamaer (1825–1902) wished to free the gable, which he suc-
cessfully restored. He modified the profile of the roof which guar-
anteed the join between the back of the building (rue de l’Amigo) 
and the wing in return from the Gothic part, by creating one 
hipped roof in front of the facing stone, thereby highlighting it.21

The material analysis of the roof frames was done in 2004 
by the ULg/CEA Lab and fully confirms the conclusions drawn 
from comparison of the archives and the study of the pre-
served building. It offers the following results (Eeckhout and 
Houbrechts, 2004, p. 6–12):

-  1695–1710 for the roof frames of the Gothic building, while 
the ancient archives reveal a slightly shorter period, namely 
1704–1706;

-  1706–1710 for the main body of the new building, and the 
written archives exactly mention the period situated between 
March 1706 and summer 1710. The dating of the small roof 
frames of the pentroof along the back wing of the Gothic part 
(1696–1710), and the very precise dating of the wing in return 
of the modern building (spring 1707) are perfectly integrated 
into the reconstructed historical context (Fig. 6).

This equivalence of results between two entirely independ-
ent methods clearly strengthens the relevance of the conclusions 
formulated in both cases. It also demonstrates, and this is not its 
slightest merit, the authenticity of the preserved structures: the 
Brussels Town Hall, rebuilt in the first years of the 18th centu-
ry, was well under its roof in 1710. The roof frames we see today 
by going through the attics are the ones assembled on the occa-
sion of the reconstruction, even in the zones where certain var-
iants in the composition of the structures would have assumed 
the opposite (Eeckhout and Houbrechts, 2004, p. 4).22 Only the 
already mentioned disturbance was observed and described, 
with the detail of the dismantling and partial re-uses and the 
more recent addition of some wooden sections (Eeckhout and 
Houbrechts, 2004, p. 5–6).

The tree-ring study contains a series of considerations on the 
typology of roof frames. Differing from one wing to another, they 
are all of the common type frequent in Brussels and Flanders 
between the 15th and the 18th centuries, with trusses and purlins 
constituted by two or three stacked porticoes according to the 
height of the attic.

The assembly marks determine groups that correspond to 
parts of well-bounded roofs. The dating confirms this coher-
ence in the direction of the construction site already observed 
through reading of the archives.
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Fig. 6

Brussels Town Hall, roof frames of the north wing constituted by two com-

plete trusses and by five half-trusses built on a wall. This unusual struc-

ture was dated with precision: the wood was felled during spring 1707. 

© V. Heymans, Ville de Bruxelles/CPH

21. ACB, Fonds Travaux publics 7311 and 7313. It should be noted on this 

matter that the photograph conserved in the IRPA/KIK under the quota-

tion B 198874, that shows this transformation, is wrongly dated to 1890 

while it cannot have been taken before 1895.

22. This is the case, in particular, for the roof frames of the north wing, 

constituted by two complete trusses and five half-trusses built on a lon-

gitudinal partition wall.
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Saints-Jean-et-Étienne-aux-Minimes church

The Saints-Jean-et-Étienne-aux-Minimes church is located in 
the heart of the Marolles Quarter and constitutes a major el-
ement of the religious architectural heritage of Brussels. After 
the last large-scale repair, finished in 1948, the roof now re-
quires a rather important intervention. In anticipation of this 
restoration, a dendrochronological analysis was ordered from 
the ULg/CEA Lab in 2005. Its conclusions, known before the 
writing of the detailed historical analysis of the building led by 
the Historical Heritage Unit of Brussels City, guided the authors 
during their research (Demeure and Heymans, 2006, p. 15–19, 
21–23 and 31–34).

Visual observation of the structure reveals remarkable char-
acteristics. The nave is covered by an uninterrupted saddle roof 
that is hipped toward the façade. The roof is built on six trusses 
constituting a structure whose coherence is confirmed by the as-
sembly marks observable on most of them. The vast attic, which 
bounds the structure, contains the dome covering the crossing. 

It is in fact a false dome, completely made of wood and stucco.23 
The roof is thus a technical necessity to protect this architec-
tural artifice, probably conceived in this way for economic rea-
sons. Three trusses, which frame this wainscot construction, dif-
fer from the first three for evident reasons of spatial constraint. 
The complete trusses in the front of the attic are of an ordinary 
type for this period (Fig. 7), but their reach exceeding 20 me-
ters and the quality of the selected wood – obtained from trees 
of slow and regular growth – distinguishes them from the norm 
(Eeckhout and Galand, 2005a, p. 4).

According to the analysis of eight samples, the felling of the 
trees intended for the roof frames would have been done be-
tween 1706 and 1710, probably in a single phase (Eeckhout and 
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Fig. 7

Saints-Jean-et-Étienne-aux-Minimes church, architectural drawing of a 

truss, the fifth from the east, drawn in 2005 during the dendrochronological 

study of the roof frames. © J. Eeckhout – A. Galand, ULg/CEA Lab

23. The lowered dome with ribs and lanterns, covering the crossing of the 

transept, is built directly on four pendantives operating the join with the 

four monumental hipped gable pillars.
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Galand, 2005a, p. 6). Because of the lack of convincing elements 
of comparison, the origin of the wood remains to be determined 
by means of archival research. This question deserves all the 
more an answer: the quality and size of the beams is both re-
markable and uncommon for Brussels forests.24

The study of the written sources, desired by the dendro-
chronologists, was done the following year by the Historical 
Heritage Unit of Brussels City with the aim of situating the 
building in its historical context.

Saint Francis of Paola’s order acquired the ancient proper-
ty of Andreas Vesalius after it obtained authorisation from the 
Magistrate to build a convent inside the city walls. The church 
of this new convent of the Minimes was built between 1621 
and 1624. It was replaced in the following century by the cur-
rent church. A contract between the Reverend Father Philibert 
Bressant, the vice-chancellor of the convent († 1715), and the 
carriers, concerning the carriage of bricks to the site from a kiln 
situated near the “Namur Gate”, documents the beginning of 
this second construction campaign. The first excavation work 
began on 6 October 1700 and Maximilian II Emanuel of Bavaria 
laid the foundation stone of the new church on the 8 November. 
On 23 September 1705, slate-quarry worker Jacob De Mol made 
a commitment in front of a lawyer to cover the totality of the 
roofs of the church before winter (Fig. 8).25 The first mass was 
celebrated there on 8 September 1715, but the building was not 
yet finished outside or inside. Several phases of perfection, dec-
orating and furnishing continued another 15 years.

The study of the archives relative to the history of the con-
vent allowed substantial expansion of knowledge of the church, 
but did not provide answers to the questions raised after the 
dendrochronological analysis.26

The dates do not correspond, even if the difference can be con-
sidered as minor (one to five years between both dating meth-
ods). The typological analysis of the structure of the roof frames 

and the confirmation of its original character are mainly to be 
noted, and this in the strict context of the preparation of a res-
toration project (Fig. 9). This conclusion is relevant here, where 
the reading of the chaotic history of the building would have led 
to the conclusion that the original roofing would have only been 
partially preserved due to the chronic lack of maintenance. The 
incompletely preserved archives did not offer the echo that we 
would have expected from them. Only the precious observations 
delivered by the physical examination of the roof frames remain.

Conclusion

A Brussels history of the carpentry and the development of its 
typology still remain to be written. The many studies, already 
executed or planned in the future, augur a positive development 
for the realisation of such a synthesis. Nevertheless, the politics 
of intervention should be integrated into a program of inclu-
sive research on predefined zones if we want to obtain an opti-
mal result not only in this research, but also in the analysis of 
the built heritage.

The examples presented in this paper emphasise the value and 
the interest of the systematic application of dendrochronologi-
cal analysis of beams and roof frames during heritage interven-
tions in the broader sense of the term. Within the framework of 
protection issues preceding restoration, such an approach directs 
and formulates some conclusions in comparison to the historic 
reality of the building approached. Within a context of restora-
tion or renovation, the analysis offers the possibility of targeting 
ancient and/or noteworthy structures and incites limiting, to the 
fullest possible extent, the destructive nature of certain options.

From a scientific point of view, dendrochronology must be 
associated with the overall preliminary studies combining a 
historical approach and building archaeological investigations. 
This method indeed enables dating with a certain precision the 
different components of a building when they are homogene-
ous with the dated beams or roof frames: structural elements 
such as masonries, and ornamental elements such as coatings. 
It is thus the question, for a given region, to prepare the ground 
for a technical history of materials, obtained by determining 
their physical (e.g. dimensions of bricks and stones) and chem-
ical (e.g. composition of mortars and fillers) characteristics and 
by their implementation (assembly of boards forming floors) to 
determine a typo-chronology. Nevertheless, limits of this type 
of analysis in the dating of the wooden structures have been 
shown, especially linked to growth reasons and complacence. In 
this view, only a multidisciplinary approach will establish the 
chronology of a building.
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24. The monogram PMB found several times at the level of the structure 

which surrounds the false dome could constitute a research lead in this 

subject (Eeckhout and Galand, 2005a, p. 4–5).

25. Contract signed between Jacob De Mol and the Reverend Father 

Philibert Bressand in front of the lawyer Charles du Trieu (AGR, Archives 

ecclésiastiques no. 12179).

26. The archives conserved by the City of Brussels within the Administration 

and the municipal archives, the archives of the Cabinet of Engravings of 

the Royal Library of Belgium, the iconographic documents conserved by 

the IRPA/KIK and finally the ecclesiastical archives of the ancient parish at 

the National Archives (inv. 12037–12184) were all consulted.
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In a more specific research question concerning the wood, dis-
covery of the resource problem connected to the overexploitation 
of the forest of Soignes raises several questions, for example the 
relationship between the dimensions of more modest buildings 
and common houses and the maximal size of available wood. In 
other words, is there a possible relationship between forest resour-
ces and the Brussels typology of houses? A better knowledge of 
the timber would allow us to approach this question of supply and 
the relationship between Brussels, the forest and its exploitation.

More broadly, the implementation of programmed research 
on Brussels roof frames, combined with archaeological studies, 
should shed new light on the state of the Brussels architecture 

during the Ancien Regime, which authors, probably through 
caution, rarely date before the 17th century.27 However, several 
recent archaeological studies show the preservation of impor-
tant previous architectural cores present in buildings, dated be-
tween the 14th and 17th centuries.28
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Fig. 8

Saints-Jean-et-Étienne-aux-Minimes church, contract signed on 23 

September 1705 between the Reverend Father P. Bressant and the 

slate-quarry worker Charles du Trieu for the covering of the church (AGR, 

Archives ecclésiastiques 12179).

Fig. 9

Saints-Jean-et-Étienne-aux-Minimes church, view of the roof frames: in 

the background, the wooden structure of the false dome. © V. Heymans, 

Ville de Bruxelles/CPH

27. Le Patrimoine monumental de la Belgique, 1989–1994.

28. It is necessary for us to advance the pioneer work led by Michel de Waha 

in the study of some houses of the Sablon and in the analysis of certain quar-

ters (de Waha, 1993), and those by Marcel Celis and Dirk Van Eenhooge for 

the Hoogstraeten residence (Celis and Van Eenhooge, 1988). Concerning 

the recent studies on various buildings: Sosnowska, 2008; 2009.
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Dendrochronological studies also authorise, to a certain ex-
tent, an urbanistic approach for the city. To give one example 
among others, it may be possible in the future to estimate the 
duration of the reconstruction of the city, outside the renova-
tion works ordered by Maximilian II Emanuel of Bavaria, be-
tween 1696 and 1698, and thus to determine the existence of ur-
ban axes of renovation (Culot et al., 1992, p. 154).

Finally, through these various fields of analysis, it is a ques-
tion of moving beyond traditional methods of the history of 
forms to develop a dialectical relationship between material, 
form, use, urban and social characterisation of the city, its hous-
ing environment and population.

Acknowledgments 

Thanks go to Françoise Boelens, Philippe Charlier, Paulo 
Charruadas, Britt Claes, Stéphane Demeter, Quentin Demeure, 
David Houbrechts, Marc Meganck, Philippe Piereuse, Xavier 
Sosnovsky, Anne-Sophie Walazyc.

References

Celis M. & Van Eenhooge D., 1988. Het “hof van Hoogstraeten”, 
de Brusselse verblijfplaats van Antoine de Lalaing, Monumenten 
en Landschappen, 7de jaarlang 4, p. 36–63.

Charruadas P. & Hagelstein R., 2005. La réglementation ur-
baine en matière d’aménagement du bâti. À travers l’exemple 
de Bruxelles et de quelques villes belges, xiiie-xvie siècle, Les 
Cahiers de l’Urbanisme 56, p. 30–37.

Cordeiro P., Heymans V., Lambert C. & Laoureux D., 1999. Les 
maisons de la Grand-Place de Bruxelles. Étude historique et ar-
chitecturale, Ville de Bruxelles, Cellule Patrimoine historique, 
Report INT–D/1999/8333/5, Brussels, 5 vol., 669 p. 

Culot M., Hennaut E., Demanet M. & Mierop C., 1992. Le bom-
bardement de Bruxelles par Louis XIV et la reconstruction qui 
s’en suivit 1695–1700, Brussels, 294 p.

Degraeve A., Eeckhout J., Guillaume A., Meganck M. & 
Sosnowska P., 2006. L’ancienne abbaye cistercienne de La 
Cambre  : aperçu des recherches récentes, Archaeologia 
Mediaevalis 29, p. 42–46.

Demeter S., 2002. Un siècle de recherche archéologique en 
Région de Bruxelles-Capitale, Région de Bruxelles-Capitale. 

L’archéologie du Néolithique à la Révolution industrielle, Liège, 
p. 34–35. 

Demeter S. & Sosnowska P., 2007. Sur les traces des comtes 
de Mansfeld à Bruxelles, les vestiges archéologiques décou-
verts dans l’hôtel de Merode, in Mousset J.-L. & De Jonge K., 
Un prince de la Renaissance. Pierre-Ernest de Mansfeld (1517–
1604). II Essais et catalogue, Luxembourg, p. 49–54.

Demeure Q. & Heymans V., 2003. Les toitures de l’Hôtel de Ville 
de Bruxelles, Ville de Bruxelles, Cellule Patrimoine historique, 
Report INT–2003/8333/7, Brussels, 61 p.

de Waha M., 1993. Rapport sur le patrimoine archéologique et 
monumental de l’îlot Brasseurs-Chapeliers-Violette, Université 
Libre de Bruxelles, Institut de Gestion de l’Environnement et 
d’Aménagement du Territoire, Report INT, Brussels, 38 p.

Dickstein-Bernard C., 2007. La construction de l’Aula Magna 
au Palais du Coudenberg. Histoire du chantier (1452–1461 ?), 
Annales de la Société royale d’Archéologie de Bruxelles 68, 
Brussels, p. 35–64.

Eeckhout J., 2004. Rapport d’analyse dendrochronologique. 
L’hôtel Dewez (Bruxelles), Laboratoire de dendrochronologie de 
l’Université de Liège/Centre européen d’Archéométrie, Report 
INT–S640, Liège, 8 p.

Eeckhout J., 2005. Dendrochronologie et typologie de charpen-
tes à Bruxelles et problématique des chronologies de référence, 
Archaeologia Mediaevalis 28, p. 154.

Eeckhout J. & Galand A., 2005a. Rapport d’analyse dendro-
chronologique. Analyse dendrochronologique à l’église des 
Minimes à Bruxelles, Laboratoire de dendrochronologie/Centre 
européen d’Archéométrie, University of Liège, Liège, Report 
INT–S691, 8 p.

Eeckhout J. & Galand A., 2005b. Rapport d’étude dendro-
chronologique. L’abbaye de la Cambre à Ixelles (Bruxelles), 
Laboratoire de dendrochronologie/Centre européen d’Archéo-
métrie, University of Liège, Liège, Report INT–S679, 9 p.

Eeckhout J. & Houbrechts D., 2004. Rapport d’analyse dendro-
chronologique. Analyse dendrochronologique des charpentes de 
l’Hôtel de Ville de Bruxelles, Laboratoire de dendrochronolo-
gie/Centre européen d’Archéométrie, University of Liège, Liège, 

VINCENT HEYMANS / PHILIPPE SOSNOWSKA

268



Report INT–S606, 9 p.

Eeckhout J., Houbrechts D. & Nuytten D., 2004. Analyse ty-
pologique et dendrochronologique de la charpente, in L’église 
Notre-Dame du Sablon (Histoire & Restaurations), Ministère de 
la Région de Bruxelles-Capitale, Brussels, p. 100–107.

Guillaume A. & Meganck M., 2005. Atlas du sous-sol archéologique 
de la Région de Bruxelles, 15. Ixelles, Brussels, 136 p.

Guillaume A. & Meganck M., 2009. Atlas du sous-sol 
archéologique de la Région de Bruxelles, 19. Bruxelles – 
Quartier Louise, Brussels, 126 p. 

Guillaume A. & Meganck M., in press. Atlas du sous-sol 
archéologique de la région de Bruxelles, 21. Auderghem, Brussels. 

Henne A. & Wauters A., 1845 (edition 1969–1972). Histoire de la 
Ville de Bruxelles, 4 vol., Brussels, 1659 p.

Heymans V. (dir.), 2007. Les maisons de la Grand-Place de 
Bruxelles, Brussels, 229 p.

Hoffsummer P., 1999. Les charpentes de toitures en Wallonie 
(Études et Documents. Monuments et Sites 1), Namur, 173 p.

Hoffsummer P. (dir.), 2002. Les charpentes du XIe au XIXe siècle. 
Typologie et évolution en France du nord et en Belgique, Paris, 
375 p.

Houbrechts D. & Costa M., 2002. Rapport d’analyse dendro-
chronologique. La ferme de l’Abreuvoir à Uccle, Laboratoire de 
dendrochronologie/Centre européen d’Archéométrie, University 
of Liège, Liège, Report INT–S504, 16 p.

Maes A. & Maziers M., La forêt de Soignes. Art et Histoire, des 
origines au XVIIIe siècle, Brussels, 274 p.

Martiny V.-G., 1980. Bruxelles. L’architecture des origines à 
1900, Brussels, 235 p.

Perrault C., 2008. Datation par dendrochronologie : Hôtel 
Dewez 73-75 rue de Laeken, à Bruxelles (B), CEDRE, Report 
INT, Besançon, 26 p.

Pierron S., 1973. Histoire illustrée de la Forêt de Soignes, 3 vol., 
Brussels, 1564 p.

Smolar-Meynart A., 1987. Soignes : domaine forestier et réserve 
de chasse des souverains, in Maes A. & Maziers M., La forêt de 
Soignes. Art et Histoire, des origines au XVIIIe siècle, Brussels, 
p. 87–94.

Smolar-Meynart A., 1991. La justice ducale du plat pays, des 
forêts et des chasses en Brabant (12e–16e siècle). Sénéchal, Maître 
des Bois, Gruyer, Grand Veneur, Annales de la Société royale 
d’Archéologie de Bruxelles 60, 624 p.

Sosnowska P., 2008. L’hôtel de Merode à Bruxelles (XVe s.–XXIe s.). 
Étude archéologique du bâti : synthèse, Musées royaux d’Art et 
d’Histoire – Direction des Monuments et des Sites de la Région 
de Bruxelles-Capitale, Report INT, Brussels, 52 p.

Sosnowska P., 2009. Maison Dewez. Etude archéologique du 
bâti. Synthèse, Musées royaux d’Art et d’Histoire – Direction 
des Monuments et des Sites de la Région de Bruxelles-Capitale, 
Report INT, Brussels, 135 p.

van Eyll D., 1994. La politique d’archéologie urbaine de la Région 
de Bruxelles-Capitale, in de Waha M. (dir.), Une archéologie pour 
la ville, Proceedings of the international conference Archéologie 
et urbanisme, Université Libre de Bruxelles, 8–9 December 1992, 
Brussels, p. 11–21.

Wauters A., 1972. Histoire des environs de Bruxelles, Brussels, 
p. 118–119. 

Historic Heritage Cell of Brussels City, 2003–2007. Évolution du 
bâti dans l’Ilot Sacré, 29 vol., Report, s.n. 

Le Patrimoine monumental de la Belgique, 1989–1994, vol. 1–3, 
Brussels, 1633 p.

VINCENT HEYMANS / PHILIPPE SOSNOWSKA

269





 PART 4: 
 ART 





Dendro-organology?
The dendrochronological method
applied to musical instruments

Summary

This article presents the different possibilities beyond dating 
that applying the method of dendrochronology to musical in-
struments may provide.

The biological study of dendrochronology is used to deter-
mine the age of wooden objects using the wood’s tree-ring struc-
ture. It was first applied in research on stringed, plucked and 
keyboarded instruments in the early 1980s and has been gener-
ally acknowledged in music history since then.

After a short introduction concerning research at the Centre 
of Wood Science at Hamburg University and the author’s labo-
ratory, this paper demonstrates the potential of this method be-
yond mere dating through the interpretation of a large amount 
of data with reasonable care.

By using examples of instruments made by famous instru-
ment makers, including members of the Guarneri family and 
Jacob Stainer, a series of statements are made regarding stor-
age duration as well as manufacturing processes in different 
workshops.

Another focus addresses the method of regionalisation and 
its potential benefit for organology, including patterns of wood 
trade and the use of wood in violin-making centres such as 
Markneukirchen/Vogtland and Mittenwald.

In addition, criteria for determining the origin of wood from 
the same tree are presented and discussed, using different ex-
amples of instruments.

Finally, a classification of tree-ring widths of spruce is intro-
duced, which could lead to a more precise description and in 
consequence a higher comparability of instruments’ front plates 
and resonance boards, e.g. in catalogues and documentation.

Micha Beuting
Dendrochronological Investigations of Musical Instruments and Art Objects, Hamburg, Germany

Key words  violin / dendrochronology / dendro-organology / tree-ring dating /
          dendro-provenancing / Norway spruce (Picea abies)

Introduction: the laboratory

Since 1999, the author has been concerned with dendrochrono-
logical research. After completing his master focusing on den-
drochronology in 2000 (Beuting, 2000), he defended his PhD 
thesis on the subject of the dendrochronology of keyboard in-
struments in 2003 (Beuting, 2004) and founded his own labora-
tory in 2004, named Dr Micha Beuting.

Through cooperation between the laboratory and the Centre 
of Wood Science at Hamburg University, it was possible to 
utilise dendrochronological data accumulated since the early 
1980s. At present, 112 chronologies are used for dating purpos-
es. About 4,000 sequences deriving from stringed, plucked and 
keyboard instruments are stored in the database and can be 
used for the method of cross-matching.

Next to the usual dating of tree rings, regionalising and cross-
matching, research on wood anatomy is offered to museums, 
instrument makers, dealers and private collectors of musical 
instruments. Special research fields are Italian and German 
stringed instruments and keyboard instruments.

Great progress in the development of computer techniques 
and software in recent years has also been useful in dendro-
chronology (Beuting, 2009). Larger numbers of sequences can 
be stored in databases and are now available for a greater range 
of statistical analyses.

Some examples of results that derive thereof are presented below.

Storage duration and manufacturing processes

Storage duration and particular ways of manufacturing have al-
ways been of interest and the subject of publications (Ille, 1975; 
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Bariska, 1978; Angermüller and Huber, 2000). By comparing the 
dendrochronological dating (determining the date of the young-
est tree ring found on the instrument) and the organological 
temporal classification of instruments, a conclusion about wood 
use and storage times can be made. Prerequisite for a definite 
conclusion is a number of instruments by one maker and close 
collaboration with organologists and instrument makers.

Statements given in the relevant literature concerning stor-
age time of the wood used for instruments differ considerably: 
frequently a very long duration for storage and drying from 
30 years onwards is quoted (Ille, 1975). But when examining the 
tree rings of a very large number of instruments, it becomes ob-
vious that this time span is often much shorter than expected.

For example, 87 sequences of violins by the Guarneri fami-
ly (Petrus, Andrea and Giuseppe) were analysed. By comparing 
the dendrochronological dating with the respective organologi-
cal dating for 34 instruments, a precise difference between these 
two classifications could be determined.1

The following violins by Guarneri del Gesù, all labelled as 
made in 1737, may exemplify the quite short spans between 
dendro- dating and manufacturing dates. The dendrochronolog-
ical dating gave the following results: the youngest ring on the 
bass side of the “Joachim” was formed in 1721; for the “King 
Joseph” the treble side was dated 1734 and the bass side 1731; the 
bass side of the “Isaac Stern” was dated 1726 (Klein and Pollens, 
1998). A closer look at the tree-ring series of the instruments 
showed with utmost probability that these parts of the three vi-
olins were manufactured from the same tree. Taking this into 
account, it must be stated that the wood used for the three in-
struments could not have been felled before 1734.2 A maximum 
period of three years for drying the wood can thus be inferred.

Applying the same method on the treble side of the “Devil” 
(label: 1734, youngest tree ring: 1720), the “Baltic” (label: 1731, 
treble: 1714, bass: 1712) and the “George Haddock” (label: 1734, 
bass: 1719, treble: 1722), a minimum storage time of nine years 
is obtained (the difference between the label of the “Baltic” 1731 
and the youngest tree ring of “George Haddock” from 1722), 
these parts of the three instruments being again from one and 
the same tree.

In addition to a short storage time, the examples given 
show that luthiers seem to have dealt with their material with 

1. Only instruments that had a definite organological dating were used 

for the comparison.

2. This leads to the conclusion that del Gesù cut off at least 13 tree rings 

of the bass side of “Joachim”, three rings from the bass side of “King 

Joseph” and eight tree rings from the bass side of “Isaac Stern”.

reasonable care. It seems that they removed only the bark be-
fore gluing both belly parts together as shown in Figures 1 
and 2.

Regionalisation

By the statistical method of clustering the sequences of musi-
cal instruments and comparing the dendrochronological results 
to the biographies of the luthiers and their places of residence, 
it was possible to develop a regionalisation of reference chrono-
logies (Beuting, 2004).

At present, five major regions of wood origin are distinguish-
able: Northern Alps – specifically the region around Innsbruck 
and Mittenwald, Southern Alps including the Italian Alps, 
southern Germany, Bavarian/Bohemian Forest and the region 
around the Erzgebirge/Vogtland.

In recent years, this regional classification has often been 
confirmed when dendrochronological and organological results 
were compared to each other. Regionalisation can thus be a tool 
to provide an indication of an instrument’s origin where no clear 
assignment through organological attributes exists.

Same tree origin

As touched on before, it is most interesting to identify instru-
ments that were manufactured from the same tree.

In order to determine the origin of different pieces of wood 
from a single tree, several criteria were established (Beuting, 
2004). These were based on empirical experience, the examina-
tion of numerous radii from recent trees, the comparison of tre-
ble and bass sides from instrument bellies and the analysis of 
the sequences from wood used for resonance boards.

All of the following criteria have to be met in order to argue 
that two pieces of wood come from a single tree:

-  t-value (Hollstein, 1980) > 8.0;
-  Gleichläufigkeit (Synchronous run of the sequences) > 70%;
-  Statistical significance 99.9%;
-  Graphical similarity of the compared curves;
-  Same pointer years (Schweingruber, 1983);
-  Nearly the same year at the beginning or the end of the curve;
-  Similar tree-ring widths of the compared curves;
-  A minimum of 70 years of overlap, which means that both 

sequences have a range in common.

For research on musical instruments, three categories of 
“same tree origin” can be formed.
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Different instruments made by the same luthier
At first sight, the fact that a violin maker should build several 
instruments out of a single trunk he possesses may not be sur-
prising. Still, some interesting deductions can be made. Three 
instruments of Jacob Stainer (1618–1683) may serve as an exam-
ple: a violin of private ownership, which is dendrochronological-
ly dated with the youngest tree ring from 1659; a viola da gam-
ba “ex Wenzinger” owned by the Kunsthistorisches Museum in 
Vienna (Inv.-No. SAM 1036) for which the treble side’s young-
est tree ring is from 1655 and the last measured ring on the 
bass side 1645; and a violoncello owned by the Musikkollegium 
Winterthur in Switzerland, with dating of the youngest rings 
from 1645 for the treble and 1658 for the bass side. The sequen-
ces have a length between 152 and 179 tree rings (Fig. 3).

By determining that all parts originate from one tree, den-
drochronological results allow – in addition to dating – the fol-
lowing conclusions. Since the youngest tree ring on the three 

instruments was formed in 1659, the earliest date of origin of all 
instruments has to be 1659. Since all three instruments bear la-
bels indicating the date of 1673, the maximum storage time of 
the resonance wood utilised has to be 15 years. Furthermore, it 
shows that Jacob Stainer did not make any difference in choos-
ing his wood for different types of instruments whereas the lit-
erature often mentions that luthiers had the habit of doing so. 
Rather they were quite pragmatic, the more so since the violin’s 
belly is made out of one piece being about as wide as half a cel-
lo’s or viola da gamba’s belly. Finally, by comparing the respec-
tive sequences with the regionalised chronologies, it can be said 
that Jacob Stainer obtained his material from the surrounding 
woods, since it can be allocated to the Northern Alps region.

Instruments of different luthiers
To illustrate a group of different luthiers, the following two 
instruments were chosen: a violin by Antonio Stradivari, 

Fig. 1

Manufacturing of a two-part vio-

lin belly.

Fig. 2

The glued joint of a two-part vio-

lin belly. On the left part, pieces of 

bark remain. © M. Beuting
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“Sunrise”, Cremona 1677, private ownership, and a violin by 
Nicolò Amati, Cremona 1673, Metropolitan Museum of Art, New 
York (Inv.-No. 1974.229). The bellies of the instruments were 
both made from a single piece. On the Stradivari’s belly, 151 
tree rings were measured and could be dated to 1652 for the last 
ring. On the Amati, 163 rings could be measured and the den-
drochronological result is 1656. Both sequences match each oth-
er significantly and meet the required criteria, both statistical 
and optical, completely, which may indicate that the pieces de-
rive from the same tree (Fig. 4 and Tab. 1).

To find the same trunk on instruments of two different im-
portant violin makers leads to the possibility of confirming 

or hypothesising on historical facts such as A. Stradivari be-
ing an apprentice of N. Amati or having other forms of access 
to Amati’s material, perhaps buying from him, or both work-
ing independently from each other, but buying from the same 
merchant.

Instruments of unknown origin that may be attributed to 

an instrument maker or at least to a region

Examples for this group are the following instruments: a trum-
pet marine by Matthias Hornsteiner (Berlin Musical Instrument 
Museum, Stiftung Preussischer Kulturbesitz, Inv.-No. 158; 
Fig. 5a), which gives a series of 206 rings dated to 1575–1780 

Fig. 3

Comparison of the dendrochronological sequences of three instruments 

by Jacob Stainer (a violin of private ownership, a viola da gamba “ex 

Wenzinger” of the Kunsthistorisches Museum in Vienna – Inv.-No. SAM 

1036 – and a violoncello of the Musikkollegium Winterthur in Switzerland). 

For the violoncello and the viola da gamba, mean curves of the sequenc-

es of the bass and treble sides have been made in order to keep the dia-

gram clearly arranged (MK).
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Fig. 4

Comparison of the sequences of the violin by Antonio Stradivari 

(“Sunrise”, Cremona 1677, private ownership, in red) and the violin by 

Nicolò Amati (Cremona 1673, Metropolitan Museum of Art, New York, 

Inv.-No. 1974.229, in black).

Table 1

Statistical values of the cross-matching between the sequences of the vi-

olin by Antonio Stradivari, “Sunrise”, Cremona 1677, private ownership, and 

the violin by Nicolò Amati, Cremona 1673, Metropolitan Museum of Art, 

New York (Inv.-No. 1974.229).

-  OVL = Overlap;

-  Glk = Gleichläufigkeit (Synchronous run of the sequences) in %;

-  GSL = Significance of synchronous run based on Eckstein and Bauch 

(1969) in %;

-  TVH = t-value based on Hollstein (1980);

-  CDI = CrossDateIndex according to TSAP-Win™ Scientific 4.64.
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and a trumpet marine attributed to Matthias Hornsteiner 
(Berlin Musical Instrument Museum, Stiftung Preussischer 
Kulturbesitz, Inv.-No. 534; Fig. 5b), providing a series of 202 
rings dated to 1573–1774. Whereas the trumpet marine Inv.-
No.  158 bears a handwritten label “mathies hornsteiner / in 
midten waldt an der / ißer grätz geigen / macher / 1790”, the 
instrument Inv.-No. 534 was attributed to Matthias Hornsteiner 
based only on its form and other construction characteristics. 
Close analysis showed that the statistical accordance and visu-
al comparison of the dendrochronological sequences were both 
highly significant (Fig. 6 and Tab. 2). Considering both organo-
logical and dendrochronological results, this initial attribution 
could absolutely be ensured. Regarding the dating of the young-
est tree rings, both instruments could have been made in 1780 

at the earliest. The best matches were achieved with reference 
chronologies for the Northern Alps/Mittenwald region.

Classification of tree ring width

In contrast to large parts of the wood industry, at present nei-
ther dendrochronology nor organology provide exact criteria to 
describe the tree ring structure of resonance wood, though be-
ginnings of such exist and are used in the literature and in cat-
alogues. In order to enable all those who deal with wooden in-
struments to render their descriptions more precisely, which 
will result in higher comparability of information and better 
differentiation of instruments, such a classification should be 
established.

Fig. 5

A  Trumpet marine, Matthias Hornsteiner, Berlin Musical Instrument

  Museum, Stiftung Preussischer Kulturbesitz (Inv.-No. 158).

B  Trumpet marine, attributed to Matthias Hornsteiner, Berlin Musical

  Instrument Museum, Stiftung Preussischer Kulturbesitz (Inv.-No. 534).
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Fig. 6

Comparison of the sequences of the trumpet marine by Matthias 

Hornsteiner, Berlin Musical Instrument Museum, Stiftung Preussischer 

Kulturbesitz (Inv.-No. 158), in black, and the trumpet marine attributed 

to Matthias Hornsteiner, Berlin Musical Instrument Museum, Stiftung 

Preussischer Kulturbesitz (Inv.-No.° 534), in red.

Table 2

Statistical values of the cross-matching between the sequences of the 

trumpet marine by Matthias Hornsteiner, Berlin Musical Instrument 

Museum, Stiftung Preussischer Kulturbesitz (Inv.-No. 158) and the trumpet 

marine attributed to Matthias Hornsteiner, Musical Instrument Museum 

Berlin, Stiftung Preussischer Kulturbesitz (Inv.-No. 534).
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At present, the common description of “narrow” tree ring 
structure is often found, applied to rings of a width from 0.1 to 
3 mm. The notion of wider rings for bigger instruments (such as 
violoncelli) is often referred to as well (Dahms, 1995), not tak-
ing into account that the wider belly inevitably comprises tree 
rings from the inner parts of the trunk that broaden naturally.

A distinct classification of tree-ring widths will help to stand-
ardise subjective estimations (Tab. 3). Still this classification 
should be kept simple and applicable to daily use for the descrip-
tion of musical instruments in catalogues and documentation.

To establish these precise criteria, the mean tree-ring widths 
of all available sequences of the database were determined ac-
cording to different types of instruments such as violins, violas, 
cellos, violas da gamba, basses, plucked instruments and the 
resonance boards of keyboard instruments. From this data, a 
normal distribution curve was established and classified in dif-
ferent scopes that were based on different classifications derived 
from the literature (Holz, 1966; Dahms, 1995), resonance wood 
traders and descriptions already used in catalogues (Fig. 7).

Based on these parameters, it is possible to describe the tree-
ring structure precisely. Descriptions could be made as follows: 

“the one-piece belly has medium and very regular grain across 
the entire belly” or “the bass side is narrow-grained with a sec-
tion of very fine grain near the f-hole.”

A more concrete example is given by a violoncello by 
S.  Dallinger (Berlin Musical Instrument Museum, Stiftung 
Preussischer Kulturbesitz, Inv.-No. 5909; Fig. 8). For the tre-
ble and bass side of this instrument’s belly, a description could 
read as follows: “the two-part belly is made of spruce and tre-
ble and bass sides match each other significantly, which may in-
dicate that both were made from the same tree. Near the glued 
joint they show a regular and narrow-grained structure which 

Table 3

Classification of tree-ring widths. To make the categories easy to apply, 

consistent intervals of 0.6 mm were chosen. The classes are named in 

German with an equivalent in English.
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< 0.6 mm

0.6 – 1.2 mm

1.2 – 1.8 mm

1.8 – 2.4 mm

> 2.4 mm

German description

sehr fein

fein

mittel 

breit

sehr breit

English description

very narrow

narrow

medium

wide

very wide



Fig. 7

Normal distribution curve of tree-ring widths with the different classes.

Fig. 8

Violoncello, S. Dallinger, Berlin 

Musical Instrument Museum, 

Stiftung Preussischer Kulturbesitz 

(Inv.-No. 5909).

A  Front.

B  Back.

C  Scroll.
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stretches on for about 2∕3 of each side. Over the adjacent range, 
the ring width increases rapidly, passing from medium to wide 
to very wide grain structure toward the outside” (Fig. 9 and 10).

To conclude, all the aspects discussed above show a range of 
additional information that dendrochronology may be able 

to provide to organology: provenancing, the detection of the 
use of a single trunk, the possible interpretations of ways of 
manufacturing, the useful application of a classification of tree 
ring widths, etc. It can thus be suggested that next to dendro- 
archeology or dendro-climatology, another sub-discipline may 
be defined as “dendro-organology”.

very wide

wide

medium

narrow

very narrow
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Fig. 9

Comparison of the sequences of the treble side (black) and the bass side 

of a violoncello by S. Dallinger (red). The different classes of tree-ring 

widths are marked.

very wide wide medium narrow

Fig. 10

A grid beam showing the tree-ring widths of the treble side of the violon-

cello by S. Dallinger.
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Dendrochronology applied
to Belgian pianofortes

Summary

This paper summarizes a study conducted between 2002 and 
2005 of 35 pianofortes. Dendrochronology allowed authentica-
tion of most of the instruments analysed and aided in under-
standing changes in manufacture. It also confirmed the ho-
mogeneity of the soundboards and allowed identification of a 
few soundboards which were posterior to the construction of 
the instrument. Moreover, dendrochronological data contrib-
uted decisive information about the species used, the wood se-
lection, the age of the trees, the direction of the boards in ac-
cordance with the growth, the quality of the boards, and the 
wood provenance. Interesting data were collected about the 
direction of the boards in relation to the keyboard and their 
size. One particularly interesting fact is that the developments 
brought to light by the study accurately correspond to devel-
opments in manufacture.

Introduction

Objectives

Over the last several years, the curators of the Musical 
Instruments Museum (MIM) in Brussels have undertaken the 
project of creating a detailed catalogue of the instruments con-
served in the museum. For pianos, the examination of each in-
strument was limited to the description of around 80 criteria in-
cluding, among others, compass, appearance of the keyboard, 
actions, layout of the strings, location, shape and kinds of woods 
used for the bridge and the nut, position and materials of the 
frames, stops, building and decoration of the furniture, written 
inscriptions and timestamps. 

David Houbrechts
Association du Patrimoine artistique, Brussels, Belgium

Pascale Vandervellen
Musical Instruments Museum (MIM), Brussels, Belgium

Key words  instrumental making / authentication / developments in manufacture / wood selection

In order to narrow the time range or confirm the dating of 
some instruments, or even to authenticate some of them, it was 
deemed useful to undertake dendrochronological analysis of the 
soundboards.1 These analyses also aimed at more deeply exam-
ining several questions that until now had been simply touched 
upon by organologists, concerning the kind and shaping of the 
wood used for the soundboards in order to identify the exist-
ence or not of recurring practices. The soundboards are the crit-
ical part of a piano which determine the quality of the tone. Yet, 
while this point is clear (Fétis, 1855, p. 40), few studies specify 
the choices of the different pianomakers. 

Practical details

In June 2002, an agreement for the first program of analysis of 
20 instruments was made between the MIM in Brussels and the 
University of Liège (Laboratory of dendrochronology/Centre 
européen d’Archéométrie - ULg/CEA Lab). A selection was nec-
essary and analysis began with the oldest Belgian pianos con-
served in the Museum – 19 square pianos and a vertical piano 
attributed to Henri-Joseph Van Casteel; three foreign square pi-
anos were added to this selection to differentiate the practices of 
other schools of pianomaking (Fig. 1). In February 2004, given 
the strong interest in these results, the agreement between these 
institutions was extended and enabled the study of an addition-
al 12 instruments. Five square pianos, six grand pianos and one 

DAVID HOUBRECHTS / PASCALE VANDERVELLEN

1. Dates were also attempted on the case of several instruments, but the 

boards, although often in oak, did not yield significant results.
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cabinet piano, all Belgian, conserved in public and private col-
lections in Belgium, France and Austria, were then selected.

Altogether, 35 pianos were studied. To our knowledge, this is 
the first time that a coherent group of pianos has been subject 
to such detailed dendrochronological analysis.2 

Methodology

As the ethics of preservation of musical instruments prevents 
destructive sampling, measurement of the growth rings was 
made directly on the instruments without removing them from 
the museums or other places. High quality photographs were 
taken to reduce risks of error and inaccuracy and to enable fu-
ture analyses without further handling of the instruments. In or-
der to take the photographs from the same distance and to avoid 
distortions, a prototype of a translation table was developed 
by the Institute of Atomic Nuclear Physics and Spectroscopy 
(IPNAS) of the University of Liège (Fig. 2). This table was 

fitted with an arm able to hold the camera, to bring it very 
near to the soundboard (3 cm) and to move it in a given direc-
tion and unchanging height. The photographs were then consol-
idated into one and the ring widths measured on the computer 
screen with the data processing software Dendron II developed 
by G. Lambert (2006). The measurements of all boards of an 
instrument were systematically compared to each other and the 
mean chronologies of each instrument were compared to the 
available reference chronologies.

Several restorers of the Musical Instruments Museum 
played an active role in this program, for example by clean-
ing the surfaces to be analysed for the reading of the rings. 
Dendrochronological analyses were undertaken by David 
Houbrechts (ULg/CEA Lab), assisted by several colleagues. 
Willy Tegel (DendroNet, Hemmenhoffen, D), Patrick Gassmann 
(Neuchâtel, CH) and Klaus Pfeifer (Egg/Vorarlberg, A) con-
tributed by providing conifer chronologies. Philippe Gerrienne 
(Paleobotany Department, ULg) identified the species used. 
Jérôme Eeckhout (ULg/CEA Lab) was responsible for most 
of the drawings. According to the agreement, the results are 
the joint property of the Musical Instruments Museum and the 
University of Liège; this partial publication was done with the 
agreement of both parties. 

DAVID HOUBRECHTS / PASCALE VANDERVELLEN

Fig. 1

Square piano Ermel, Mons, 1785 

(Brussels, Musical Instruments 

Museum, 1990.022). © MIM

2. Research by Micha Beuting is very similar to ours (Beuting, 2000; 

Beuting, this volume). In the field of violins, see the investigations of John 

Topham and Peter Klein, who apply mainly dendrochronology as a dating 

technique. For instance, Topham and McCormick, 1998.
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Limits

Despite the technical means available, taking the photographs 
encountered some difficulties, due in particular to the presence 
of the strings. In most of the cases, it was possible to take the 
photographs either outside the area hidden by the strings – on 
the right of the wrest-pins or on the non-resonant part of the 
soundboard for the oldest pianos – or by gently spreading the 
strings that were not too tight or numerous. For a few of the in-
struments, it was necessary to take the photographs through 
the strings, which vastly complicated the subsequent measure-
ments. The presence of dust, stains or discolorations and the 
opaqueness of some varnishes also posed problems. Patient 
cleaning with distilled water and appropriate lighting was of-
ten successful. The last rings of the lateral boards were generally 
partially hidden by the linings attached along the soundboards; 
the number of missing rings has been estimated from the growth 
pattern of the last rings that could be measured.

Principles

Dendrochronology is the discipline which studies the annual 
growth rings of trees.3 It is based on the following principle: a 
tree produces rings of variable thickness from one year to an-
other depending on different factors (e.g. temperature, 

pluviometry, altitude, nature of the ground) for which climate 
plays a determining role. In addition to the dating of the wood 
used, dendrochronological measurements thus provide addi-
tional information useful to historians, including the prove-
nance of the wood, conditions of growth, ages of the trees used 
and species chosen. However, it is important to note that the 
date provided corresponds to that of the most recent measured 
ring and should not be confused with the date of use of the wood 
in manufacture – here of the soundboard. It is necessary to in-
terpret it as a terminus post quem of the felling of the trees, to 
which it is advisable to add an estimation of the rings removed 
during the various stages of manufacture as well as the time 
spent for drying, storage, transport and shaping wood. Some 
observations related to the making of the instrument itself were 
also recorded: position and dimensions of the boards, type of 
cutting, orientation of the direction of growth.

Fig. 2

Detail of the translation table used 

to take photos of the rings. © MIM
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3. Concerning the method and the applications of dendrochronology, see 

for instance, Houbrechts and Lambert, 2004.
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Technological and forest aspects

Position of the boards

When one examines the structure of the soundboards, an essen-
tial observation is that the boards making up the tables have 
nearly equivalent width, except for the external boards which 
are narrower. For the instruments analysed, they are most often 
laid out either parallel or oblique to the keyboard, depending on 
the model of piano and the date of manufacture.

Thus, in the oldest square pianos – those of the 18th century 
and the first decade of the 19th century –, the table is generally 
composed of three to four boards parallel to the long side or at 
the keyboard (Fig. 3 and 4). It is restricted at the right end of 

the case, i.e. it stops at the keyboard. After 1810, when the range 
of the keyboards was extended to five octaves and a fifth, from 
F1 to c4, the table widens above the most acute notes (most of 
the time, starting from d#3). The three to four boards are always 
systematically laid out with the long side parallel to the key-
board, except in the square piano of John Broadwood & Sons 
(1825), where they are oblique to the keyboard following an an-
gle of 58°, that is, perpendicular to the strings. After 1825, the 
soundboard extends from one end to the other of the case. This 
extension of the table corresponds to the increase in the range, 
which now contains six octaves, from F1 to f4, or even six octaves 
and a fourth or six octaves and a sixth. The boards are propor-
tionally more numerous taking into account the dimensions of 
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Fig. 3

Detail of the soundboard of the square piano Ioannes Van Casteel, 

Brussels, 1798 (Reims, Musée des Beaux-Arts). © D. Houbrechts 
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the table. Parallel to the long side until 1835, they are oblique to 
the keyboard afterwards, most of the time perpendicular to the 
strings (58° angle) (Fig. 5). Only the square piano of Christian-
Guillaume Horstmann (ca 1845) has a table formed by boards 
perpendicular to the keyboard. An exceptional feature in the 
studied corpus, this last thus projects to the case.

In all of the original tables of the grand pianos, like the ver-
tical piano of Dammekens for which the structure vertically re-
produces that of a grand piano, one notes that the boards are 
systematically laid out oblique to the keyboard. The angle var-
ies depending on different factors: in the John Broadwood & 
Sons grand piano (1810) and the one signed by Hoeberechts 
& Groetaers (ca 1810) but sometimes attributed to Broadwood 
(Vandervellen, 2007, p. 132–137), the boards form a 80° angle 
with the plan of the strings. However, the angle reaches 18° in 
the Toussaint-Joseph Dumoulin grand piano (1835; Fig. 6) and 
136° in the one by Jean Dammekens (ca 1842).

The direction of growth (from the pith to the bark) of the 
boards varies from one instrument to another but an interesting 
evolution has been observed depending on the period: while in 

the oldest instruments boards are either with opposed direction 
either in the same direction, by pairs or three, in the more re-
cent instruments, boards with opposed directions are clearly the 
majority. However, some layouts do not seem to follow any par-
ticular logic, as for example for the Toussaint-Joseph Dumoulin 
grand piano (1835; Fig. 6 and 7).

Type of growth

Dendrochronological measurements also yield interesting infor-
mation about the type of growth of the trees used, data which 
is not neutral in the field of the instrumental making. However, 
while everyone agrees that growth has an effect on the sound 
produced by an instrument, opinion diverges as to the nature of 
this effect. In the case of violins, some estimate that wood with 
rapid growth has a weak resonance and produces a “deadened” 
or “muffled” sound, in contrast to wood with slow growth which 
contributes to produce a sound of higher sonority and clearness 
(Burckle and Grissino-Mayer, 2003).

In all of the pianos studied, the principal part of the sound-
boards has a straight and regular grain. The spruce or silver 
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Fig. 4

Sketch of the soundboard of the square piano Winands, Brussels, 1789 

(Brussels, Musical Instruments Museum, 3192). © MIM / ULg

Fig. 5

Sketch of the soundboard of the square piano Vogelsangs, Brussels, 

ca 1830 (Brussels, Musical Instruments Museum, 8417.1). © MIM / ULg
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fir boards are cut radially or semi-radially and have been pre-
pared carefully: the pith and first growth rings were system-
atically removed. When an irregularity appears in the grain4, 
as seen on the square pianos of Jean-Baptiste Winands (1789; 

Fig. 8), Louis Fétis (1804) and Jacques-Philippe-Joseph Ermel 
(1818), it is systematically limited to the part of the table over 
the wrest pins, i.e. the non-vibrating part of the table. A knot is 
present on one of the principal boards of the table in only two 
cases – Edouard Hoeberechts (ca 1830) and Charles-Christian 
Neubert (ca 1835; Fig. 9).

In addition, most of the pianos show great homogeneity in 
growth rate within a soundboard, the goal being to obtain a 
stable unit, less inclined to shrinkage or expansion. This use of 
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Fig. 7

Sketch of the soundboard of the grand piano Dumoulin, Liège, 1835 

(Brussels, Musical Instruments Museum, 4135). © MIM / ULg
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4. Irregularities in the grain of the wood perpendicular to the rings were 

observed during the study and no colleague has as yet been able to pro-

vide an explanation of this phenomenon.

Fig. 6

Grand piano Dumoulin, Liège, 1835 (Brussels, Musical Instruments 

Museum, 4135). © MIM
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boards whose average growth is nearly identical thus explains 
the frequent recourse to boards coming from the same tree, as 
clearly demonstrated by some of the dendrochronological cor-
relations. Moreover, in the oldest instruments, the exception-
al quality of visual comparisons and t-values between ring se-
ries indicate that the boards were probably very close to each 

other in the stem. This technique is well-known for violin mak-
ing, both boards of the instrument showing an identical grain.

General growth rate varies from one instrument to another, 
but is generally rather slow. Although the age of the trees is dif-
ficult to specify – some parts of the wood being removed during 
the manufacturing process –, more than half of the instruments 
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Fig. 8

Square piano Winands, Brussels, 

1789 (Brussels, Musical Instruments 

Museum, 3192). © MIM

Fig. 9

Square piano Neubert, Brussels, 

ca   1835 (Brussels, Musical 

Instruments Museum, 95.003). © 

MIM
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were made from trees more than 150 years in age. The square pi-
ano of Jean-Gerard Vriens (ca 1845) is remarkable because, ex-
cept for one incomplete board, the measured ring series number 
between 143 and 347 rings!

Origin of wood and species

The results of dendrochronological tests and visual comparisons 
demonstrate that most of the makers used high-altitude spruce, 
the best results being obtained with references established for 
the Bavarian Alps (Tab. 1).5 Fifteen of the 29 tables have a sim-
ilar origin (Fig. 10). In each case, the results point to the Ötztal 

and Vorarlberg3 chronologies. The Ötztal chronology, which 
gives the best results, includes in its recent part spruces from the 
Alps of Ötztal. Various sites are present in this chronology, most 
found at high altitudes (1800–1900 m a.s.l.). The spruce chro-
nologies established for several valleys of the solid mass close to 
Vorarlberg (1200–1500 m a.s.l.) also give very good results.

DAVID HOUBRECHTS / PASCALE VANDERVELLEN

5. These are the chronologies established for the valleys of Vorarlberg by 

Klaus Pfeifer (unpublished) and Ötztal (Becker et al., 1970).
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Correlation matrix of the dated series from the pianos showing the closest 

dendrochronological similarities (dark brown) between the soundboards 

(matrix automatically produced by Dendron II, Lambert, 2006).

Table 1 (p. 293)

Species and probable origin of the wood used for the dated boards (high-

lighted species: partial identification of the soundboard). The chronology 

selected is the one providing overall the best results to the comparisons.
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The square pianos of André Adrien (after 1816) and the 
Ermel Frères (1807) show similarities with the previous instru-
ments, but also differ in some aspects, undoubtedly indicating 
a different origin.

The remaining instruments – Johann-Christian Fuhrmann 
(1776), Henri-Joseph Van Casteel (1784), Ermel Frères (1804), 
Symphorien-Joseph Ermel (1802), Mathieu Logé (ca 1800), 
Edouard Hoeberechts (ca 1830), Jacques-François Vogelsangs 
(ca 1840 and ca 1850) and Clermont, Berden & Cie (1841) – clear-
ly differ. Here the makers seemed to prefer the use of silver fir 
(Abies alba). Except for the square pianos of Mathieu Logé and 
Johann Christian Fuhrmann for which the wood may have come 
from Bavaria and Lorraine, it is difficult to determine their prov-
enance because, unlike spruce, silver fir can provide similar re-
sults with chronologies from areas distant from each other. The 
identifications achieved by means of an electron microscope by 
the Service of Paleobotany (ULg) confirm the relative informa-
tion with the species provided by dendrochronology. This point 
deserves to be emphasised because identification is often made 
only visually, a method which is the cause of many mistakes.

Dating

Among the 35 tables of the corpus, analyses provided unques-
tionable dates for 23 of them, and hypothetical dates for five, 
probably due to forest problems or the lack of available chro-
nologies (Tab. 2 and Fig. 11). No significant result was obtained 
for seven instruments. Although in most cases the dendro-
chronological dates confirm the dates provided by inscriptions 
and stylistic and/or technological evaluation, for three instru-
ments they are posterior to the assumed manufacture dates.

The first case seems to be a counterexample because dendro-
chronology provided only a hypothetical date: according to the 
best correlations, the pyramidal piano attributed to Henri-Joseph 
Van Casteel (1771), previously considered the oldest preserved 
Belgian piano, would have been built after 1905 (Houbrechts 
and Fraiture, 2001, p. 7). Although the correlations do not al-
low consideration of this date as definite, they seem to indicate 
that the soundboard is not original. Moreover, analyses reveal 
that the soundboard consists of six boards of different growth 
rates and from different trees – a strange arrangement if we con-
sider the other instruments. A thorough examination of the in-
strument led to the conclusion that this piano was a forgery, a 
“relatively recent do-it-yourself, more or less half a century ago 
(?), carried out by an amateur with insufficient organological 
knowledge” (Moysan, 2000, p. 4), “an assembly of various re-
covered parts […] made at the beginning of the 20th century” 

(Bouckaert, 2000, p. 3), some elements having also been inten-
tionally aged to give an old and rustic aspect to the unit. This 
case shows the interest of interdisciplinary research when den-
drochronology cannot provide certain dates, but this approach is 
always fulfilling as we will see for the other instruments.

Thus, for the grand piano signed by the Ermel Frères in 1804, 
dendrochronology gives a terminus post quem for the felling of 
the tree in 1882. While the instrument itself is incontestably origi-
nal, the table was obviously replaced, probably at the time of res-
toration intended to make the instrument playable again. In ad-
dition, the position of the boards perpendicular to the keyboard 
is unusual, especially when compared to contemporary instru-
ments. Similarly, it appears that the soundboard of the square 
piano of Louis Fétis dated to 1797 is posterior to the original 
manufacture. The most recent ring gives the date of 1805, which 
implies felling of the tree not before 1806 at the earliest.

For all of the other pianos, differences between the dates pro-
vided by, on one hand, inscriptions and stylistic and/or techno-
logical evaluations and, on the other hand, dendrochronology, 
turn out to be extremely variable. Taking into account the ter-
minus post quem of the felling of the trees, differences range 
between 5 and 86 years! While they do not appear to relate di-
rectly to the period of instrument manufacture, it is clear that 
there is a reduction between the date of felling and the use of 
the wood after 1830 (less than 20 years in most of the cases). 

At present, the instrument with the oldest soundboard is 
the square piano by Johann-Christian Fuhrmann, the oldest 
Belgian listed piano, made in Ghent in 1776. The felling date of 
the tree goes back to 1690, 86 years before the shaping of the 
table. The second longest interval is given by the grand piano 
from ca 1810 with the signature of Hoeberechts & Groetaers on 
the bar of address (69 years), an instrument which would have 
been made, according to some experts, by John Broadwood & 
Sons. In the chronology of the soundboards, this is followed by 
the square piano of John Broadwood & Sons (68 years) dated to 
1825. It must be said that this manufacturer was at the time the 
most important at an international level. Its founder was active 
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Table 2

Summary table of dendrochronological dates. In dark blue: board includ-

ing the most recent rings which could not be entirely measured. The ter-

minus post quem includes an estimate of unmeasured rings based on the 

average growth rate of the last two centimetres measured. The estimate 

is based on technical criteria.
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(under his own name) since 1771 and one can imagine that he 
had the luxury of gathering an important stock of wood to meet 
such international demand.

Conversely, the instruments which present the weakest vari-
ations are the square piano of Clermont, Berden & Co (5 years), 
the Liège grand piano of Toussaint-Joseph Dumoulin (6 years) 
as well as the Mons instruments of Louis Fétis and the Ermel 
Frères (8 years).

Conclusion

Dendrochronology applied to the study of musical instruments, 
although sometimes regarded as “delicate, long and even some-
times disappointing” (Lavier, 2000, p. 107), now appears par-
ticularly profitable. It has highlighted recurring practices com-
mon to all of the Belgian manufacturers and provided objective 
answers concerning the wood species used, their provenances, 
types of growth and ages of selected trees. It has also made it 
possible to provide guidelines concerning the number of boards, 
their arrangement, their dimensions, etc. Finally, the results 
confirm – or clarify – the periods of manufacture previously es-
timated on the basis of technical and stylistic criteria. They have 
led us to revise some of these estimates.

The high interest in the results obtained is due to the method 
as much as the nature of the studied elements, each instrument 
including several boards of an a priori easily datable species. 
The multiplicity of the approaches, which combines informa-
tion obtained by dendrochronology (numerical data) and com-
pares them to organological observations (technical and typo-
logical data), leads to concordant objective data. This approach 
enables characterisation of the object studied (the soundboard 
of the piano forte) and verification of its authenticity (dating), 
clarification of its specificity (Belgian instrumental making) and 
its evolution (from the end of the 18th century to the middle of 
the 19th century). Finally this study opens the way to other in-
vestigations, for instance studying other “minor” collections of 
instruments or evaluating the effect of the nature of the wood 
of soundboards on tone.
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Bar diagram of all of the dated dendrochronological series from the pianos.
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Interpreting evidence from dendrochronology.
A case study from research on
16th-century British panel paintings

Summary

Over the last three years the National Portrait Gallery in London 
has been undertaking research on its significant collection of 
16th-century panel paintings under the title Making Art in Tudor 
Britain. The Gallery has the largest public collection of Tudor 
paintings assembled from diverse sources over a 150-year period. 
The project has asked a range of questions about the material 
choices of artists and what technical evidence about the fabrica-
tion of panels, underdrawings and paint surfaces can reveal in re-
lation to the authenticity, meanings and functions of art objects.

More than 75 British and Anglo-Netherlandish paintings dat-
ing from 1500–1580 have been surveyed. This paper presents some 
of the results of this work, focusing on the insights provided by the 
analysis of the oak panels and dendrochronology. In combination 
with other techniques (infrared reflectography, X-radiography, mi-
croscopy and paint sampling) this critical evidence has allowed us 
to re-date individual works and thereby establish several new pat-
terns in the patronage of groups of paintings, including copies and 
versions after Hans Holbein. The use of dendrochronology in a sys-
tematic survey combining other types of technical analysis has also 
allowed us to correlate and cross reference the use of pigments and 
other materials and provide a framework for the development of 
patterns in importation of wood, usage and practice. Significantly, 
we have also identified cargo or trade marks on the backs of Baltic 
oak panels dating from the 1540s which need further investigation 
and correlation with other examples.

Introduction

Over the last four years the National Portrait Gallery (NPG) 
has commissioned dendrochronology on over seventy-five 
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16th-century paintings produced for British patrons. The re-
search has taken place as part of a major project called Making 
Art in Tudor Britain which has aimed to survey our 16th-century 
collections and provide new information about artistic practice 
and patronage at this date. This survey is the largest of its kind 
on early British paintings. The project has asked wide ranging 
questions about the material choices of artists, workshop prac-
tices and the intentions of artists and patrons. It has taught us 
new information about what technical evidence can reveal about 
the fabrication of panels, underdrawings and paint surfaces in 
relation to authenticity, trends in production and the meanings 
and functions of art objects in early modern Britain. This pa-
per explores our interpretation of some of these findings and 
examines the way data from dendrochronology has been cor-
related with other types of analysis (including infrared reflec-
tography, X-radiography and analysis using pigment sampling, 
Ultra Violet light and microscopy). The objects in this survey 
have included panel paintings varying in size from large scale 
full-length portraits such as the portrait of Queen Catherine 
Parr, ca 1545 (Fig. 1), to small-scale single panel cabinet min-
iatures. This research is on-going and we plan to continue this 
work on panel paintings up to the date 1620 concluding in 2013.1

The dating of old master paintings has routinely relied 
upon stylistic analysis and the expertise of the art historian. 
Undoubtedly, stylistic analysis remains a critically useful tool 
for museum collections, yet inevitably its subjective nature and 
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1. See http://www.npg.org.uk/research/programmes/making-art-in-tudor-

britain/php
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reliance upon both an awareness of the mass of evidence and 
the survival of comparable original objects, make it an imper-
fect tool. The survival rates for 16th-century English paintings 
may be in the region of less than 30-40%. For some types of 
painted objects the survival rate is even lower, for example in 
the case of English religious imagery, painted stage sets for court 
events and inn signs which have been almost totally destroyed. 
Therefore, only by integrating historical research, stylistic anal-
ysis and a range of different forms of technical analysis are we 

likely to reach a more informed level of interpretation in our un-
derstanding of the production of and audiences for painted im-
agery in Britain.

There are many limits on the abilities of museums and her-
itage organisations to undertake technical studies of this kind, 
not least financial and practical. Yet there are also the limita-
tions of the existing technology and particular types of paint-
ings that are unsuitable for traditional dendrochronology by the 
nature of their physical construction. Such paintings include 
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Fig. 1

Attributed to Master John, Portrait of Queen Catherine Parr (1512–1548), 

ca 1545, National Portrait Gallery, London (NPG 4451).

© National Portrait Gallery London
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those housed in their original engaged or integral frames which 
do not allow access to the grain edge such as the remarkable 
anamorphic portrait of King Edward VI with an original frame 
dating from 1546 (Fig. 2): the original engaged frame was at-
tached to the picture before the panel was painted and therefore 
could not be removed without causing disturbance to the orig-
inal paint surface or the panel structure. This category of work 
also includes paintings which have been transferred from wood-
en panels onto canvas (a reasonably popular technique before 
the 1960s) and small paintings which contain boards with too 
few rings for analysis.

As perhaps with most surveys of paintings in museum collec-
tions, the findings from dendrochronology have principally sup-
ported the existing dating of pictures. However, in some cases 
the evidence has produced surprising results for both individu-
al pictures and groups or sets of paintings. The findings clear-
ly demonstrate that the survey includes a significant number 

of pictures where dendrochronology provided critical evidence 
in re-dating paintings.2 These cases of conflicting dating have 
helped to significantly nuance our understanding of artistic pro-
duction at this period. The evidence has encouraged us to ques-
tion stylistic judgements and create new types of methodology 
and theories for historic patterns of production which had not 
previously been considered. The research has also opened up 
many questions which can only be answered by a larger critical 
mass of evidence dating from this period. These questions re-
late principally to the transport and construction of flat wood-
en panels made for paintings in the 16th century (which still 
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Fig. 2

Attributed to William Scrots, Anamorphic portrait of King Edward VI (1537–

1553), with an original frame dating from 1546, shown from the side in 

corrected perspective, National Portrait Gallery, London (NPG 1299).

© National Portrait Gallery London

2. These findings include evidence from 72 paintings, 15 of which proved 

unsuitable for dendrochronology. In 55 cases dendrochronology con-

firmed the catalogued date of the picture, in ten cases it conflicted with 

it and in five cases the panel proved to be undatable.
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needs further research), the implications of evidence from den-
drochronology for patterns in the artistic production and the de-
velopment of interpretation strategies.

Oak panels as supports for paintings

The evidence from the analysis of panel paintings in England 
(Hillam and Tyers, 1995; Tyers 2002) has confirmed that, in 
common with other parts of northern Europe (Fraiture, 2009), 
Baltic oak is the most commonly used material.3 Trade records 
for ports around the UK show the consistent import of timber 
from Baltic ports across this period.4 Baltic oak not only had 
advantages for carpenters in the ease of splitting boards, it also 
had aesthetic advantages for artists. The straight narrow grain 
and lack of knots meant that Baltic oak made a smoother paint-
ed surface for oil paintings than wider grained English wood. 
Baltic oak also needed less priming and showed fewer imperfec-
tions once varnished to a high sheen.

In contrast with the production from the ancient Low 
Countries, we know little about the production of panels for easel 
painting in England (Wadum, 1998). The documentary evidence 
shows that single flat wainscot panels (probably not with joins, 
but made of the widest width of one tree) were exported directly 
from the Baltic ports (Fedorwicz, 1980, p. 122). However, these 

materials were likely to have needed working up into the re-
quired size for a painting by carpenter or specialist wood worker, 
rather than made within the artist’s studio. Looking at three pic-
tures signed by the same 16th-century artist provides an oppor-
tunity to examine the usage and construction of panels by one 
studio. Recent analysis has shown that three paintings by the 
Flemish émigré Hans Eworth (active 1543–1573) all have varia-
ble construction and variable wood sources (NPG 6855, 1388 and 
842). The double portrait of Lady Dacre and her son Gregory 
Fiennes (NPG 6855) proved to be a single panel of English oak, 
while two others were jointed Baltic oak (Fig. 3 and 4).

A few English panels show evidence in X-ray of being joined 
by dowels, but most English examples at this date were simply 
joined at the edges (butt joined), probably fixed in place with 
glue. The panel edges were then bevelled and set in to frame, 
which would support the whole structure securely. However, 
panel joints usually became vulnerable over time and most 16th-
century paintings have paint losses down the joints due to the 
movement of the wood in a wet climate. Evidence of often ex-
tensive losses down the panel joints (and regular campaigns 
of restoration) can be seen in X-ray and occur in the majority 
of panels from this period. Many panel joints would over time 
have come completely apart. This meant that – unlike pictures 
on canvas – they either needed to be repaired or the paintings 
would be discarded, a feature which of course contributed to 
the rate of destruction among 16th-century English panels which 
were rarely considered either valuable items, or prized art ob-
jects. Therefore, most panel joints have required additional sup-
port (including wooden pegs, fillets or entire cradles) over the 
400 years since they were painted.

In the period up until the 1550s or 1560s most paintings in 
this survey have shown evidence of having originally been pre-
sented in engaged frames. These panels and frames were made 
by the carpenter as one object which was then passed to the 
painter’s studio for painting, and with all such pictures the paint 
surface only extends to the frame edge. Most such examples 
have long since lost their original frames, and only four sur-
vive in the NPG collections. Most panels made for painted por-
traits were made from three pieces of wood; the middle section 
was often the largest, and this was almost certainly to avoid 
having joints down the centre of the face. It would seem likely 
that artists had a clear understanding that in raking light the 
panel joints could mar the aesthetic appreciation of a painting. 
However, even some of the most acclaimed artists working in 
Europe did not always follow this principle. Anthonis Mor, for 
example, used a poor quality piece of Baltic oak with a knot and 
a join in the face for one of his most accomplished paintings: a 
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3. In the 55 cases dated by dendrochronology, 45 panels were made from 

Baltic oak, 4 panels from English oak and one mixed both provenances. 

4. See Fedorowicz, 1980. Documentary evidence shows that timber was 

exported from the Baltic into England from before the 1430s in return for 

English cloth and that this trade continued and increased throughout the 

16th century. The main ports for the exportation of timber were Danzig 

and Elbing in Poland and particularly into the 17th century Konigsberg in 

Prussia and eventually other ports in Norway and Lithuania as deforesta-

tion affected supply. The main English ports for this trade were Newcastle 

upon Tyne, Hull and London. For the years 1600–1609 Fedorowicz calcu-

lates that of the imports of Baltic oak wainscot 80.1% came from Danzig, 

9.3% from Elbing and 10.6% from ports in ducal Prussia. In addition, we 

have occasionally found some evidence on the backs of panel paintings 

which appear to relate to the management of the timber trade and proc-

esses of transport (Tyers, pers. comm.). On the backs of the panels of two 

portraits depicting King Edward VI and Queen Catherine Parr (NPG 5511 

and NPG 4451) we found cargo or merchant marks which may have been 

placed here to indicate ownership of the wood in transit. It is likely that 

only the chance construction of the panel has left these marks on the sur-

face. See: http://www.npg.org.uk/research/programmes/making-art-in-tu-

dor-britain/workshops/workshop-1-abstract-2.php
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Fig. 3

Hans Eworth, Double portrait of Mary Neville, Lady Dacre (1524–ca 1576) and her son Gregory Fiennes (1539–

1594), 10th Baron Dacre, 1559, National Portrait Gallery, London (NPG 6855). © National Portrait Gallery London

Fig. 4

The back of the single oak panel of no. 3 (NPG 6855) with tool marks and bevelling. © National Portrait Gallery London
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Fig. 5

Anthonis Mor, detail of a Portrait of Sir Henry Lee (1533–1611), dated 1568, National Portrait Gallery, London (NPG 

2095), in raking light, showing the join through the face and knot in the wood. © National Portrait Gallery London
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portrait of the Elizabethan courtier Sir Henry Lee, painted in 
Antwerp and dated 1568 (Fig. 5).

The use of native English oak for panel paintings is rea-
sonably uncommon. Most known examples of panels employ-
ing solely English oak are found in provincial paintings or pic-
tures that were part of large sets (for example, portraits of kings 
and queens) that were produced away from the key commercial 
ports and trade routes, where local craftsmen needed to work 
with whatever wood they could source, regardless of quality. An 
example is a provincial portrait of Francis Drake seen in raking 
light which emphasises the wide wood grain. Although this por-
trait is thinly painted and the surface poorly primed, the wide 
grain can be seen to distract the surface appearance at some an-
gles (Fig. 6). However, there are some exceptions to this pattern 

of non-native usage. The talented Flemish artist Hans Eworth, 
working in London between 1545–1575, for example, used a sin-
gle piece of English oak for a remarkably early double por-
trait for a valued noble client. Eworth’s portrait of Mary Neville, 
Lady Dacre and her son Gregory Fiennes, dated 1559 (Fig. 3) is 
painted on English oak with a last tree ring of 1535 and a like-
ly felling date after 1545. This would indicate that where high 
quality local wood could occasionally be sourced it would be 
put to use by the most accomplished London painters. The sin-
gle plank and consequently the lack of joins has contributed to 
this painting’s exceptional condition. It has required virtually no 
restoration since it was first painted. It is probable that the un-
usual horizontal format for a rare double portrait encouraged 
Eworth to seek out, or specifically order, this piece of wood for 
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Fig. 6

Unknown English School, Portrait 

of Sir Francis Drake (1540–1596), 

ca 1583, National Portrait Gallery, 

London (NPG 1627), in raking light 

showing the wide grained English 

oak. © National Portrait Gallery 

London
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this painting. The view of the back of the panel (Fig. 4) shows 
the interesting apparently original rough tool marks (sawing 
and plane) and the bevelled edge. 

The implications of evidence
from dendrochronology for patterns
in artistic production

The evidence from dendrochronology collated for this study has 
impacted directly on our understanding of the historic patterns 
in artistic production as well as the patronage of painted ima-
ges. How many panels may have been commissioned by painters 
at one time and how long they may have been kept in their stu-
dios is open to interpretation. In this survey, the period of time 
between the last tree ring or estimated felling date and usage 
varies considerably. However, analysis of paintings with known 
dates does provide clear evidence of the span between estimat-
ed felling dates and usage by the artist. For example, a portrait 
of Bishop Nicholas Heath (NPG 1388) reliably dated 1566 via 
an original inscription, has a last heartwood ring of 1551 and 
by adding the expected number of sapwood rings an estimated 
felling date of after 1559. This would leave only seven years at 
most between estimated felling and usage. Similarly, a portrait 
of Thomas Wentworth dated 1568 (NPG 1852), also via an au-
thentic original inscription, has a last sapwood ring of 1558 and 
an estimated felling date of before 1570 leaving a very short pe-
riod of – perhaps just a few years – between felling and usage.5

Other paintings show far longer periods between felling and 
usage. This is particularly true when a panel has been re-used, as 
can been seen when remnants of another painting can be iden-
tified beneath the paint layers using infrared reflectography or 
X-radiography. Dendrochronology can then chart the past life of 
the object providing an indication of the earliest use. In a portrait 
of an Unknown Woman formerly known as Margaret Douglas, ca 
1560–1565 (Fig. 7), the wooden panel has been shown to be much 
earlier than the painting. The last heartwood ring can be dated to 
1424, and Tyers has provided a felling date of after 1432. This pan-
el’s earlier use as another type of painted image is confirmed by 
X-radiography (and microscopic examination). The panel may 
have been part of a wainscot wall decoration and a decorative 
floral pattern showing red and white flower can be clearly seen 
in x-ray (Fig. 8), which dates from an earlier period.

Similarly a portrait of Queen Elizabeth I dating from the 
1590s shows evidence that the panel has been re-used (NPG 200; 
Cooper, 2008, p. 44). An unfinished portrait of another woman 

facing the opposite direction appears beneath the Elizabeth por-
trait in X-radiography. When a portrait was abandoned mid-
way through, it made economic sense for the painter to re-use 
the wooden panel. In this case, as portraits of Elizabeth I could 
almost certainly be purchased ready-made, the painter would 
therefore have a guaranteed saleable item. This type of re-use 
within an artist’s studio appears to be occasional practice in 
English workshops and out of the 75 paintings surveyed five can 
be shown to derive from re-used panels. In this painting the cos-
tume of the half finished portrait appears to date from around 
the 1570s–1580s, while Tyers has found that the last ring (sap-
wood) dates from 1567 and estimates a felling date of between 
1572 and 1582. However, the portrait of Elizabeth I painted over 
the top appears to be based on a pattern established in the 1580s. 
Therefore, it is likely that the panel was re-used by the painter 
within at least ten years of the first portrait.

The artistic practice of Tudor and Jacobean England involved 
the production of numerous copies and versions of certain types 
of portraits. These versions were made after well known pro-
totypes and often produced in some number although only a 
small percentage remains extant today. This practice has made 
dating on the basis of style and costume particularly difficult 
as the copies may date from several decades after the first com-
positions. Dendrochronology has proved highly effective in this 
instance and has helped us to reconstruct patterns of patron-
age. For example, in the NPG survey there were questions about 
the dating of several versions of portraits after Hans Holbein 
the younger (1497/78– 1543) depicting members of the English 
court. We were interested in whether these portraits were pro-
duced in Holbein’s studio, or by other studios, or painted dec-
ades after Holbein’s death. Nine portraits were examined using 
a range of different types of technical analysis. While stylistic 
analysis and paint sampling left the question of dating open to 
the 16th or early 17th centuries, dendrochronology provided much 
more specific evidence. By looking at a group of copies after 
one artist together we found that all but one of the copies dated 
from the late 16th and early 17th centuries. This proved there was 
a market for either portraits by Holbein or portraits of courtiers 
of King Henry VIII, some 40 to 60 years after Holbein’s death. 
It provides art historians with further evidence that collectors 
were interested in using painted portraits to reconstruct nar-
ratives of English history, often to display in sets of kings and 
queens, or key court figures.

In another portrait previously attributed to the mid-16th cen-
tury artist William Scrots (active 1537– 1553), the use of den-
drochronology has shown the attribution to the artist to be in-
correct. The portrait depicting Henry Howard, Earl of Surrey 
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5. See http://www.npg.org.uk/collections/search/
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(NPG 4952) does appear stylistically very close to the work of 
Scrots, and it is possible that the painting may either be a copy 
of an earlier lost work by Scrots or an artist working in his style 
(Fig. 9).6 Therefore, in contrast to the evidence from stylistic 
analysis, dendrochronology could prove that this portrait was 
not contemporary with the sitter’s or the artist’s life.7 This type 
of evidence has made us aware of patterns in patronage that 
could see a demand for paintings of certain types of sitter many 
decades, or even half a century after the originals were painted. 
It reminds us too, of the randomness of survival patterns, as the 

artist who produced this portrait must have used a lost original 
or earlier version. Art historically this provides new information 
on the practice of collecting, helping us to determine the specif-
ic meanings or cultural value of individual paintings, interest in 
types of sitters, or groups of pictures at a moment in time. This 
evidence appears to indicate that in the 16th century English col-
lectors were more interested in the design of the composition or 
depiction of the sitter, than they were in authenticity and facture 
of the art object as the work of a single known artist.

Interpretation strategies

Finally, I want to briefly state how we have managed the in-
terpretation of data from dendrochronology throughout this 
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Fig. 7

Unknown English School, Unknown Woman formerly known as Margaret 

Douglas, Countess of Lennox, ca 1560–1565, National Portrait Gallery, 

London (NPG 401). © National Portrait Gallery London

Fig. 8

X-ray of no. 7 (NPG 401) showing the floral pattern on the back of the pa nel 

(bottom right), almost certainly dating from an earlier period. © National 

Portrait Gallery London

6. I am grateful to Catharine MacLeod for this suggestion.

7. The last tree ring found dated from 1558, indicating a usage date range 

of 1566–1598.
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project in relation to other historical and technical findings.8 
Critically, we need to assess a larger sample of English and 
Anglo-Netherlandish paintings, than has so far been examined 
by this project before we can confidently plot clear patterns 
in production. The essential findings from this survey confirm 
that no one tool of technical analysis can provide indisputable 
evidence. Instead a range of techniques needs to be employed 

simultaneously to cross reference data and assess the weight of 
evidence for individual paintings.

There are also examples when dendrochronology alone pro-
vides what we might consider to be misleading dating. This is 
particularly the case where painters from a much later period, 
(for example, the 18th or 19th centuries) attempted to copy ear-
lier work, and employed the use of early wooden panels. This 
may have been done either for the purpose of replacing lost 
works or with the intent to deceive. One example from the re-
cent research is a portrait of Bishop Richard Foxe (NPG 5387) 
where stylistic evidence and pigment sampling has indicated the 
picture certainly dates from the late 18th century (Fig. 10). The 
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8. In the process of our investigation we have not routinely employed the 

Last heartwood tree ring date range (LEHR) supplied by Ian Tyers, be-

cause part of the range occasionally conflicts with the other evidence col-

lated in other ways. For example, we do not use the date range if we are 

confident about an inscribed date, documented date or where all stylis-

tic and technical evidence indicates dating to a specific decade. However, 

we do use this in cases where there is any uncertainty about the exact 

date given, or where there is no strong evidence to provide a date to a 

particular decade. We also sometimes use a LEHR date in part, for exam-

ple where the earliest or latest date correlates to findings from other data.

Fig. 9

Unknown Anglo-Netherlandish school after William Scrots, Portrait of 

Henry Howard, Earl of Surrey (ca 1517–1547), ca 1570s–1580s, after 

a lost portrait of ca 1546 (NPG 1546), National Portrait Gallery, London 

(NPG 4952). © National Portrait Gallery London

Fig. 10

Unknown English School, Portrait of Richard Foxe (1446–1528), late 

18th century, National Portrait Gallery, London (NPG 5387). © National 

Portrait Gallery London
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use of dendrochronology confirmed the last tree ring as 1589, 
and Tyers has calculated that the panel was felled after 1597. 
Consequently, the painting presents an interesting example of 
how later artists attempted to mimic early 16th-century painting 
techniques, even to the extent of sourcing 16th-century wooden 
panels. In this instance technology cannot help us determine if 
the panel has been re-used as a lead white ground covers the en-
tire surface making it impermeable to X-radiography, and thus 
re-use remains a possibility.

Data from dendrochronology has certainly dramatically in-
fluenced our interpretation of our 16th-century collection. In a 
period and a culture in which the practice of copying was en-
demic, dendrochronology has proved an invaluable tool with 
which to unpick trends in production and the significance of 
particular types of images at unexpected periods. This research 
remains work in progress and further publications on the out-
comes of this project will follow over the coming years.
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Dendrochronological and technological
examination of painting supports.
The case of Rubens’s studio practice

Summary

The dendrochronological and technological analysis of panel 
paintings attributed to Peter Paul Rubens at the Royal Museums 
of Fine Arts of Belgium (Brussels) reveals lesser known trends 
of the artist’s practice. Several flawed panels, including holes, 
sawing defects or woodworm damage, repaired before the ap-
plication of the ground, figure among the paintings examined. 
Despite their flaws, two repaired panels also bear the Antwerp 
quality brand: the castle and a pair of hands; the Portrait in a 
medallion of Don Gasparo de Guzman also bears the monogram 
of the panel maker Michiel Vrient. This evidence prompts ques-
tions regarding the application of the 1617 regulations published 
by the joiners’ guild and the guild of Saint Luke.

The quality of several of the panels is fairly poor, including 
tangentially cut planks, the presence of sapwood and even pith 
that render the panels more fragile and susceptible to damage in 
fluctuating climatic conditions. Some of these panels were part 
of Rubens’s personal collection and others are sketches that re-
mained in the studio, strengthening the hypothesis that Rubens 
chose cheaper supports, of lesser quality, for paintings initially 
meant to stay in his possession or in his immediate circle.

Rubens also made economical use of wooden panels for small 
formats, particularly preparatory sketches, by cutting down al-
ready primed panels to make smaller supports instead of order-
ing several individually prepared panels. This practice is docu-
mented here in several examples, such as the sketches for Philip 
IV’s hunting lodge, the Torre de la Parada.

All cases are discussed within the wider context of technol-
ogy and trade of 17th-century wooden panels for paintings from 
the Southern Netherlands. Earlier publications have argued 

Pascale Fraiture and Hélène Dubois
Royal Institute for Cultural Heritage (IRPA/KIK), Brussels, Belgium

Key words  Flemish panel paintings / wood technology / wood procurement /
          dendro-provenancing / guilds / panel maker marks

that Rubens chose cheaper supports, of lesser quality, for paint-
ings initially meant to stay in his possession or in his immediate 
circle. However, this contextual study indicates that the artist’s 
economical use of oak panels fits within a general trend moti-
vated by the scarcity of high quality panel production.

Introduction

The technical examination of 52 paintings attributed to Peter 
Paul Rubens and his studio was conducted during a four-year 
research project at the Royal Museum of Fine Arts of Belgium, 
Brussels (RMFAB).1 The research discussed here concerns 27 
panels attributed to the master that were examined with meth-
ods based on traditional art history and laboratory methods. We 
present here some of our observations and their interpretation 
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1. This project, supported by the Federal Public Service for Scientific Policy, 

involved the study of 52 paintings attributed to Rubens and his work-

shop. Participants included Joost Vander Auwera (project leader), Natasja 

Peeters, Bert Schepers, Tine Meganck and Hélène Dubois. Some of the 

results of this research were published in the catalogue of the exhibition 

held at the RMFAB in 2007–2008 (Vander Auwera and Van Sprang, 2007).

The Royal Institute for Cultural Heritage was an important partner 

in the technical examination of the paintings. Summaries of Pascale 

Fraiture’s individual dendrochronological analysis results, as well as other 

technical data, will be shortly available in a scientific database devoted to 

the paintings examined during the Rubens project and linked to the web-

site of the museum: www.fine-arts-museum.be.
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in the context of the making of panel supports in Antwerp dur-
ing the first half of the 17th century. This general frame of ref-
erence is based on recent research by Pascale Fraiture that in-
volved both archaeological and dendrochronological analysis of 
a corpus of nearly 150 panel paintings on oak (Quercus sp.) pro-
duced from 1450 to 1650 in the Southern Netherlands (Fraiture, 
2007). This study explored the technological developments in 
the preparation and use of wood, identifying selection crite-
ria for wood used for panel paintings during that period. The 
study of this evolution was achieved by referring to the broad-
er framework of wood processing and procurement in relation 
to the political, economic and religious context of the period.

Wooden supports of Flemish paintings, particularly from the 
15th and 16th centuries, are known for their outstanding quali-
ty and good preservation (Marette, 1961; Verougstraete-Marcq 
and van Schoute, 1989). Craftsmen used exclusively straight-
grained oak imported from the Southern Baltic Sea coastal re-
gion.2 The planks, free of sapwood, without any knots, were ra-
dially cut by splitting and offered the best wood quality, not 
prone to shrinkage. They were generally assembled by butt-
joins, mostly with dowels and without strengthening systems 
such as bands of canvas or hemp fibres that were frequently 
used, for example, in German panels at the time. The surface to 
be painted was carefully planed and smoothed down, and coat-
ed with a chalk and glue-based ground that isolated the wood 
and provided a light coloured reflective surface to paint on. The 
remarkable quality of the panels, both in their raw material and 
their fabrication, was used as much for important commissions 
as for common easel paintings. This distinguished Flemish pan-
els from most of those produced in other regions, such as Spain 
or Italy, or even closer areas such as Germany, France or Great 
Britain (Marette, 1961).

Around 1500, Antwerp had become the most important 
production centre of panels for paintings in the Southern 
Netherlands. Over the course of the 16th century, the demand 
for carved altarpieces had drastically declined. During the first 
half of the 17th century, the production of luxury articles, such 
as precious furniture, easel paintings and tapestries was consid-
erable in Antwerp. Paintings were the focus of organised trade, 
Antwerp being the most important supplier of Europe. Artists 
and dealers were specialised in exporting works of art to respond 
to demands from Europe and beyond (Vermeylen, 2003).

In this context, how did craftsmen manage to cope with 
the extraordinary demand in panel supports? At this stage we 

must refer to an important document published in 1617 (van 
Damme, 1990; Wadum, 1998a; 1998b). In the early 17th centu-
ry, the new craft of panel makers had been created within the 
Antwerp guild of Saint Luke. The panel makers (tafereelmak-
ers) were distinguished from the traditional joiners. On this oc-
casion, however, both crafts received almost entirely identical 
regulations from the city authorities, detailed in eleven rules.

These rules had several objectives (Fraiture, 2007). Obviously 
the quality of production had to be guaranteed, particular-
ly since many paintings were produced for the export market. 
The rules stated for example that panels and frames had to be 
perfectly constructed of healthy dried planks trimmed of any 
sapwood, without any fire or worm damage. If products cor-
responded to these standards, the dean of the guild applied a 
mark on the back of the panel, the city’s brand mark (a stylised 
castle and a pair of hands; Fig. 1).

The rules also aimed at stimulating the rationalisation of 
production since they made reference to the use of standardised 
format models and to the distribution of tasks in the workshops. 

However, the main objective of this document was to formal-
ise the new craft of the panel maker and to guarantee the mo-
nopoly of panel production to craftsmen who registered in the 
guild. In effect, the panel makers had to apply their official per-
sonal mark before the control of the panel by the dean.

Both our studies of the wood quality and the fabrication 
techniques were helpful in understanding the real impact of 
these rules on actual panel making practises. 

Method

Technological investigation

The Rubens research project at the RMFAB included meticu-
lous technological examination of the supports of the panels 
from the collection. The paintings were examined out of their 
frames under normal, raking and ultraviolet light. Digital infra-
red photography and infrared reflectography were used in some 
cases to support the documentation of inscriptions on the re-
verse of the panels. Evidence reflecting the woodworking tech-
niques of the craftsmen was collected. This data included plank 
dimensions, tool marks (mainly visible on the back of the pan-
els), types of joints, faults in the wood such as knots, corpora-
tion marks, etc. X-radiographs were used to reveal structur-
al elements such as dowels, joints or fills that were invisible 
on the surface of the panels. Technological examination also 
included observations recorded during dendrochronological 
analysis: orientation of the cutting of the planks (radial, semi-
radial), quality of the grain, regularity of the medullary rays, 
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2. Terms used by Daly (this volume).
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characterisation of the growth rate, presence or absence of pith 
and/or sapwood, etc.3 

Dendrochronological analysis

The software used for dendrochronological analyses was 
Dendron II (Lambert, 2006), a system that involves several inno-
vative tools to improve the process of dating the ring series (spe-
cific algorithms, new indices, original graphs, etc.) and to compare 
hundreds of dendrochronological sequences (system of related da-
tabases, square correlation matrices automatically created, etc.).

The objectives of dendrochronological analysis are, on the 
one hand, the dating of the support (the result given as a termi-
nus post quem for execution date since, even if sapwood is par-
tially preserved, the unknown lapse of time spent between fell-
ing and use of the wood still remains) and, on the other hand, 
typological classification of the wood, which identifies the geo-
graphic distribution of its origin, as explained below.

The main principle of dendrochronology is based on the fact 
that trees of the same species and same population react in the 
same way to similar climatic influences. Series of rings from 
the same provenance thus present a common dendrochronolog-
ical typology characterised by a common general trend and by 
a high proportion of pointer years.4 According to this principle, 
typologies that are comparable between two ring series can in-
dicate a similar provenance (see in this volume contributions by 
Ważny; Daly; Domínguez Delmás et al.). However, since certain 
comparable growth factors may influence woods from relative-
ly distant environments, two ring series that are similar cannot 
be considered de facto as originating from the same place. In 
consequence, the geographic origin given by dendrochronology 
is approximate. However, it is possible to detect typological re-
semblances between series.

In working with so-called “local wood” – wood used direct-
ly from the area where it is cut – as for vernacular architecture 
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Fig. 1

Antwerp brand on the reverse of the panel support of the Portrait in a 

medallion of Don Gasparo de Guzman, Royal Museums of Fine Arts of 

Belgium, Brussels, inv. 4342. © P. Fraiture, IRPA/KIK

3. The paintings, their dates and the context of their execution were 

discussed in more detail in a paper presented at the National Gallery 

30th Anniversary Symposium in London in September 2009 (Dubois and 

Fraiture, 2010). See also Vander Auwera and Van Sprang, 2007.

4. A pointer year is an abrupt inter-annual deviation of the same trend 

found on several trees; these deviations must be present on 75% of the 

series compared (Huber and Gierz-Siebenlist, 1969).
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along the Meuse valley (Belgium; Houbrechts, 2002), different 
types of chronologies, from those covering the broadest zones 
geographically (master chronologies) to the most localised (site 
chronologies), are available to determine the provenance of the 
wood used (Fraiture, 2009). This situation is, however, not easy 
to apply to the study of Flemish panel paintings. While the com-
mon “Baltic provenance” of the oaks used in paintings is well 
known, recent researchers would tend to link the results of den-
drochronological analysis to the exploitation of different Baltic 
regions for export of oak to Western Europe and to establish a 
chronology of this use (Hillam and Tyers, 1995; Zunde, 1998–
1999; Eckstein and Wrobel, 2007; Fraiture, 2009). This study is 
arduous because it appears that from the 15th century onwards, 
oak was almost exclusively exported while the Baltic builders 
used conifers locally (see, for example, in this volume Ważny; 
Zunde). It is therefore a hard task to link chronologies from 
works of art with master or site chronologies from known Baltic 
areas (Haneca et al., 2005). For the dendrochronology of ex-
ported Baltic oak, research relies on “dendrochronological ty-
pologies” rather than “provenance of the wood” (Hillam and 
Tyers, 1995; Fraiture, 2009).

In Rubens’s paintings, three main typologies were encoun-
tered, called Baltic1, Baltic2 and Baltic3 chronologies (Hillam 
and Tyers, 1995). Jennifer Hillam and Ian Tyers extracted Baltic1 
and Baltic2 by identifying two distinct dendrochronological ty-
pologies from the 177 plank sequences collected from paintings 
since the beginning of the 1970s by J. Fletcher. Baltic3 was even-
tually built by Tyers (unpublished).5 Hillam and Tyers linked 
these different typologies to changes in wood procurement pat-
terns and suggested to relate these variations to changes in ex-
porting regions within the Baltic area.

The combination of technological and dendrochronological 
analyses provided data that document both the possible selec-
tion of material and the woodworking techniques employed.

Observations on Rubens’s panels

Wood quality and wood working quality 

P. P. Rubens (1569–1640) was the most famous and success-
ful painter of his generation. His studio practice, and in par-
ticular his panel supports, have been documented through case 
studies and systematic surveys, undertaken in several insti-
tutions and collections (Martin, 1970; Von Sonnenburg, 1979; 
Renger and Denk, 2002). Rubens’s flawless painting technique 

and collaboration with highly skilled panel makers ensured 
that most of his panels, including monumental altarpieces, are 
still in good condition today. However, some of Rubens’s pan-
els, particularly the landscapes, now suffer from the artist’s use 
of “composite supports”, made up of several pieces sometimes 
assembled cross-grain (Brown, 1999). Intricate enlargements of 
his own paintings, both on canvas and on panel, are idiosync-
ratic to his practice (Renger, 1994; Roy, 1999).

The panel paintings discussed here, preparatory sketches, 
portraits, mythological and religious subjects, painted between 
1615 and 1637, illustrate other aspects of his studio practice.

As mentioned above, the best quality planks were obtained 
from radially cut boards from slow growing trees, by splitting or 
sawing; these planks were by far the most common in Flemish 
painting until the end of the 16th century. Later on, the use of 
semi-radial planks increased (Fraiture, 2007; Fraiture, 2011). 
Tangentially cut planks were very rarely used before the indus-
trial implementation of mechanical saws. Although the use of 
such boards was not forbidden by the craftsmen rules, it was 
well known that they are more reactive to changes in relative 
humidity and were thus generally not used to make artists’ pan-
els. Two panels of the Brussels collection, however, consist of one 
single wide tangential plank: the Madonna with the Periwinkle 
(inv. 2850, 66.5 × 48 cm) and the Portrait of Paracelsus (inv. 
3425, 77.5 × 54.4 cm; Fig. 2) painted between 1615 and 1620. 
These examples are exceptional in 17th century Flemish paint-
ings (Fraiture, 2007). Both panels have developed long splits 
running diagonally, along the grain.

The Ascension to Calvary (inv. 5057, 58.2 × 46.6 cm), a 
sketch probably painted in Rubens’s studio and relating to the 
altarpiece on canvas executed in Rubens’s studio for the high al-
tar of the church of the abbey of Afflighem (1634–1637; Vander 
Auwera and Van Sprang, 2007, p. 211), is also composed of a sin-
gle wide plank. This board is radially cut but its growth is par-
ticularly symptomatic: very rapid during the first half (rings 
reaching 4 mm wide), it slows down suddenly for the second 
part (rings between 1.5 and 0.5 mm wide). Rings so wide at the 
beginning of the growth are characteristic of a young vigorous 
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5. Tyers (Dendrochronological Consultancy Ltd, Sheffield, pers. comm.) 

constructed the chronology Baltic3 in 1995 with his own material.

Fig. 2

P. P. Rubens, Portrait of Paracelsus, Royal Museums of Fine Arts of 

Belgium, Brussels, inv. 3425. © Royal Museums of Fine Arts of Belgium
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tree; such a profile (Fig. 3) reflects more the genetic potential 
of the tree than climatic conditions. Moreover, the wood com-
prises several anatomical defects, such as misformed rings and 
sinuous medullary rays. Very wide rings and curved rays gen-
erate planks more prone to warping, which are less appropriate 
for panels than planks from trees of slow and regular growth 
(Fraiture, 2011).

The Portrait in a medallion of Don Gasparo de Guzman, 
a sketch preparing an engraving by Pontius printed in 1625 is 
painted on a panel bearing the mark of Rubens’s favoured pan-
el maker, Michiel Vrient, and the Antwerp brand (Fig. 1; Dubois 
and Fraiture, 2010). It is constructed of two butt-joined planks 
of radial cut and semi-radial cut Baltic oak planks, and meets 
the quality requirements published in the 1617 guild regulations. 
However, the X-radiograph revealed the presence of a filling 
on the front of the panel, under the ground and paint layers, 
that has caused a local distortion of the paint surface (Fig. 4). 
The filling is not visible on the reverse of the painting but cor-
responds to a small tear in the wood along the joint, resulting 

from accidental damage during sawing of the planks. The guild 
controller would have seen this defect on the reverse and, if the 
panels were inspected before the ground was applied, as recom-
mended by one of the rules (van Damme, 1990), he would also 
have seen the fillings on the front. He apparently did not con-
sider the repairs to be detrimental to the overall quality of the 
panel. This defect, however, had an impact on the preservation 
state of the work: it has caused the ground and paint layers cov-
ering it to have become distorted.

Four other panels examined at the RMFAB exhibit the same 
kind of repairs on the front of the panel, beneath the ground. 
Three of these were painted by Rubens himself: St Michael slay-
ing the rebellious angels (inv. 7444, 47.2 × 53 cm), a sketch for 
the ceiling of the Jesuit church in Antwerp (around 1620); The 
Triumph of the Catholic faith (inv. 7442, 63.5 × 89.5 cm; Fig. 5), 
a modello for a tapestry of the cycle dedicated to Triumph of the 
Eucharist (1626–1627); and Christ and the Adulterous woman 
(inv. 3461, 143 × 194 cm), a large composition painted between 
1615 and 1620 and apparently still in the artist’s possession upon 
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Fig. 3

Graph of the raw data of the dendrochronological sequence of the sin-

gle plank of the support for P. P. Rubens’s studio (attributed to), Ascension 

to Calvary, Royal Museums of Fine Arts of Belgium, Brussels, inv. 5057. 

Years are represented on the x-axis and ring widths on the y-axis, with a 

semi-logarithmic scale: rising peaks represent wide rings, falling peaks 

are narrow rings. The graph clearly shows changes in the rate of tree 

growth, very rapid in the beginning, then abruptly slower for the sec-

ond part.
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his death (Vander Auwera and Van Sprang, 2007). The fourth, 
a Portrait of Helena Fourment (inv. 4003, 65.2 × 51.2 cm.), is a 
study painted in the 1630s by a follower of Rubens and bears 
the Antwerp brand on its reverse (Dubois and Fraiture, 2010).

The support of the Christ and the Adulterous woman, made 
of six Baltic planks, is of poor quality in several aspects: five 
of the six planks are lined with sapwood and one of them even 
includes pith (Fig.  6). The latter is generally cut off when 
planks are prepared because it is highly prone to shrinkage and 

splitting. Moreover, the timber used was infested with wood-
worm: in some places along the joins, damaged wood had been 
cut out and replaced with filling before the ground was applied. 

These fillings were used either to replace wood weakened by 
biological infestations or to repair damages in the planks that 
occurred during the fabrication of the panels. They must have 
been completely invisible initially, but caused distortions and 
paint loss as the painting aged. The presence of the Antwerp 
brand on two of these repaired supports indicates that the dean 
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Fig. 4

P. P. Rubens, Portrait in a medallion of Don Gasparo de Guzman, Royal 

Museums of Fine Arts of Belgium, Brussels, inv. 4342.

A  Detail of the defect in X-radiograph. © IRPA/KIK

B  Detail of the damage on the surface. © Royal Museums of Fine Arts 

  of Belgium
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of the guild might not have been as thorough as the 1617 regu-
lations might lead us to think.6

Economical use of panels

Other aspects of Rubens’s use of wooden supports were deduced 
from the examination of twelve small sketches of mythological 

subjects Rubens painted in preparation for the decoration of 
Philip IV’s hunting pavilion, the Torre de la Parada. The artist 
must have started painting the sketches (about 60 in total) be-
fore 1636 and shared the execution of most of the large paint-
ings on canvas on the basis of his sketches with other Antwerp-
based artists (Alpers, 1971).

The Brussels panels for the Torre de la Parada sketches (inv. 
2897-2899, 4103-4106, 4124-4128) have a square or a long rectan-
gular format and are rather small (around 27 × 27 to 44 cm). They 
generally consist of two or three narrow vertical planks, with a 
width of 5 to 23 cm. No dendrochronological analysis could be 
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Fig. 5

P. P. Rubens, The Triumph of the Catholic Faith, Royal Museums of Fine 

Arts of Belgium, Brussels, inv. 7442. © Royal Museums of Fine Arts of 

Belgium

6. Similar examples of “repaired” panels painted by Rubens have been 

recorded in other collections (Gatenbröcker and Kaul, 2005; Verhave and 

Wadum, 2008).
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performed on this series, but it could be observed that the wood 
employed was far from the best quality: the grain is not straight 
and the wide tree rings are characteristic of rapidly grown trees. 
Consequently, several of these small panels are very reactive, 
adopting a pronounced convex distortion at lower humidity levels.

The examination of the sketches indicated that, instead 
of ordering small panels made to size, the artist, to save time 
and money, had readymade primed panels, perhaps of com-
mon standard formats, sawn down to size (Dubois and Fraiture, 
2010).
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Fig. 6

P. P. Rubens, Christ and the Adulterous woman, Museums of Fine Arts of 

Belgium, Brussels, inv. 3461. © P. Fraiture, IRPA/KIK

A  Details of the reverse, sapwood along a joint.

B  Pith on the edge of a plank.
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The supports of Mercury and Argus (inv. 2897) and of the 
Fall of the Titans (inv. 2899) are very similar (Fig. 7). They are 
both constructed of two planks (radial cut for the left one and 
semi-radial for the right). Tool marks on the reverse and the 
varying thicknesses of the planks are identical on both panels, 
indicating that they were cut from one pre-existing panel. The 
stripes of the priming also continue from one panel to the oth-
er, implying that the larger support was cut down after the ap-
plication of the priming, typical of Rubens’s practice. The pan-
els were very likely sawn down to size in the artist’s workshop. 
Most of the panels for the Torre de la Parada sketches could 
have been obtained this way.7

Rubens worked in this manner in other instances, such as 
for the preparatory sketches for the tapestries of The Life of 
Achilles series (Lammertse, 2003). Two other sketches exam-
ined in Brussels were also obtained by cutting down panels of 
larger formats: the Martyrdom of Saint Livinus (sketch paint-
ed around 1636, inv. 6638, 60 × 45 cm) and the Martyrdom of 
St Ursula (sketch, 1615–1620, inv. 1198, 48.7 × 38.9 cm; Vander 
Auwera, 2007; Fig. 8). The latter has a vertical format and unu-
sually consists of two planks with the grain running horizontal-
ly. The presence of ground along the edge and an original bevel 
on one side only indicate that the panel was obtained by cut-
ting down a larger, primed format with a vertical grain. Brown 
stripes were painted on the primed panel to guide the saw cuts. 
They are partly hidden by the paint layers applied afterwards. 
Both panels bear the Antwerp brand and Michiel Vrient’s per-
sonal mark.

Discussion

The examination of the Brussels collection illustrates by sev-
eral aspects, first, an economical use of oak by the craftsmen, 
who appear to have worked less conscientiously than expected, 
and, second, Rubens’s economical use of panels. This economy 
of raw material is certainly related to the enormous demand in 
wooden supports at that time. However, it is necessary to take 
the broader context into account in order to understand the de-
velopment of panel making techniques, most of the time to the 
detriment of the quality of the supports.

Baltic oak

Characterisation of the provenance of the wood is based on the 

analysis of a large corpus covering two centuries showing im-
portant changes in wood procurement (Fraiture, 2007; 2009).

All Baltic series from panels prior to 1565 form a homogene-
ous group from a dendrochronological point of view (Fraiture, 
2007; 2009). This typology corresponds to the Baltic1 type con-
structed by Hillam and Tyers (1995), which is interpreted to re-
flect the exploitation of a single area of northeastern Europe. 
In other words, oaks from the examined panels dating prior 
to 1565 appear to originate from the same geographical area, 
of a still unknown localisation and extent. By contrast, planks 
for the period after 1565–1585 provide a very different pattern: 
the Baltic1 woods are still the most common, but woods of the 
Baltic2 and Baltic3 types are now also documented (Fraiture, 
2007; 2009).

Archives such as the Sound Toll Records, which annually 
registered the goods passing via the Sound Strait, reveal that, 
until 1565, Gdańsk was the most important timber exportation 
centre. After this date, its importance decreased as other cen-
tres took on more important roles, such as Königsberg or Riga 
(Ważny and Eckstein, 1987; Ważny, 1992). This parallelism be-
tween documentary evidence and dendrochronological analyses 
may support Hillam and Tyers’s hypothesis (1995), associating 
the different Baltic typologies to different ports of exportation. 
We thus propose that the Baltic1 type would have come from 
the Gdańsk hinterland, Königsberg and Riga being possibly the 
sources for the exploitation and commerce of wood for the two 
other typologies Baltic2 and Baltic3 (Fraiture, 2009). The re-
ality was certainly more complex, because many ports could 
have taken part in the commerce of Baltic wood toward Western 
Europe (Zunde, 1998–1999).

Another factor would also have contributed to the diversifi-
cation of Baltic sources. Before 1565, the Baltic timber trade was 
almost entirely controlled by the Dutch. But from the end of the 
1560s, the Netherlands were shaken by political and religious 
unrest. This situation, lasting more than two decades, led to 
changes in commercial wood distribution: the role played by the 
Dutch became more limited in the Baltic region and was par-
tially taken over by others (Tossavainen, 1994). It is thus plau-
sible that such diversification is a reflection of these politico- 
economic changes (Fraiture, 2009).

This diversification in wood supply, from the end of the 
16th century on, concerns paintings from different workshops 
and production centres. Woods from different origins have also 
been combined in single panels. For example, the three planks 
of the support of the Portrait of Helena Fourment described 
above do not show any good correlation between each other, al-
though their dendrochronological series are contemporaneous 
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7. For more observations on the technique of the sketches and their use 

as models, see Dubois and Peeters, 2007.
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and of “Baltic” provenance. This is a consequence of the use of 
one plank from each typology in the same panel: Baltic1, Baltic2 
and Baltic3.8

Wood quality

Next to this diversification of the Baltic sources, a general de-
crease in the quality of the raw material through time could 
be observed in the production of different workshops such as 

Rubens’s. A statistical study of more than 350 planks covering 
the mid-15th to the mid-17th centuries reflects the exploitation of 
trees of slightly lesser quality from the end of the 16th century 
on (Fraiture, 2007; 2009).

Firstly, Baltic planks underwent a progressive and constant 
reduction in width, corresponding to the exploitation of small-
er trees. Indeed, from the period 1441 to 1500, 30% of the planks 
are wider than 30 cm. This width class, which amounts to 14% 
in supports from the beginning of the 16th century, falls to 6% 
during the second half of the century and even disappears in 
the 17th century. Inversely, only 5% of the planks are between 15 
and 20 cm wide in the 15th century versus 31% in the 17th centu-
ry (Fig. 9). In our “Rubens Baltic corpus”, the range of plank 
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8. Such diversification in wood sources is also visible within single pa nels 

that sometimes combine planks from Baltic and western provenances 

(Fraiture, 2011; Tyers, pers. comm., 2 August 2010).

Fig. 7

P. P. Rubens, Mercury and Argus and The Fall of the Titans, Royal Museums 

of Fine Arts of Belgium, Brussels, inv. 2897 and 2899.

A  Front. © Royal Museums of Fine Arts of Belgium

B  Reverse. © IRPA/KIK
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Fig. 8

P. P. Rubens, The Martyrdom of St Ursula, Royal Museums of Fine Arts of Belgium, Brussels, inv. 1198.

© Royal Museums of Fine Arts of Belgium
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width runs from 12.8 to 30 cm. Half of the planks are narrower 
or around 20 cm wide, and only 15% reach 28 cm.9 

Secondly, plank width became less even with time, indicat-
ing that the trunks used were less rectilinear than those ex-
ploited earlier. The difference in plank width from edge to edge 
in early 16th century paintings is generally lower than 0.7 cm. 
As an example, the planks composing the panel of Christ and 
the Adulterous woman show width differences as important as 
6.5 cm from one side to the other of a single plank (the panel 
measuring 194 cm in width).

Finally, the use of twisted trees increased over time. Curved 
medullary rays are typical for this type of tree (Fig. 10) and 
planks including one edge with a radial cut and the other edge 
with a semi-radial cut reflect deviations in the grain of the trunk.

Although we have not as yet been able to assemble enough 
data to provide valid statistical results, it appears that the so 
called “Baltic2 trees” and probably “Baltic3 trees” were less re-
markable than the Baltic1. In particular, they were apparently 
not large and tall enough to obtain planks as wide and long as 
the Baltic1 type trees.10

Western oak

All Rubens’s panels in this project that have been successfully 
dated by dendrochronology were made of “Baltic oak”. However, 
the dendrochronological study of the preparatory sketches for 

the tapestries of the sketches for the 1622 series of the life of 
Marie de Medici (Munich, Alte Pinakothek; Bauch et al., 1978), 
and the sketches for the Life of Achilles tapestry series of about 
1630–1634 (Rotterdam, Museum Boijmans van Beuningen) have 
shown the use of western oak.11 The planks probably originate 
from western Germany, eastern Belgium or northeastern France, 
the precise provenance within this dendrochronological area be-
ing difficult to determine at this stage (Fraiture, 2007; 2009). 
The Brussels sketches of the Torre de la Parada have not been 
studied by dendrochronology. The anatomical characteristics of 
the oak appeared initially to relate to a “western growth pat-
tern” (Dubois and Fraiture, 2010). However, the first results of 
ongoing research on sketches from the same series, conserved 
in the Museo Nacional del Prado in Madrid, reveal that the oak 
is – quite surprisingly – of Baltic provenance.12

Three panels already mentioned here are each composed of 
a single remarkably wide board, exceeding 45 cm: the Madonna 
with the Periwinkle (66.2 × 48.1 cm), the Portrait of Paracelsus 
(78 × 54 cm) and the Ascension to Calvary (58.2 × 46.6 cm). 
The planks could not be dated by dendrochronology and the 
provenance of the trees from which they derive is unknown.13 
However, other examples of such wide planks have been shown 
to originate from Western Europe (Fraiture, 2011).
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Fig. 9

Distribution, in percentage, of Baltic planks according to their width, on a 

total of 278 elements through the period 1441d – 1633d (in cm): graphs 

show a progressive and constant reduction in width.

9. From the ten Rubens panels analysed by dendrochronology, seven are 

“Baltic” and total 19 planks.

10. Tyers has observed very similar evolution in his corpus (pers. comm., 

25 September 2006).

11. The dendrochronological analysis of the Achilles series was carried out 

by Peter Klein (Lammertse,  2003).

12. Maite Jover, Museo Nacional del Prado, Madrid, pers. comm., 

11 March 2011.

13. See details in the Rubens database at www. fine-arts-museum.be for 

reasons for the absence of date and provenance by dendrochronology.
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Rubens is not the only 17th-century Antwerp artist who used 
panels of lesser quality. This observation has also been made on 
17th century paintings, for example by P. Breughel the Younger 
(Fraiture, 2011).

These observations show that the geographic origin of the 
oak used has a direct consequence on the quality of the raw ma-
terial. The choice of wood of decreasing quality and its sparing 
use also clearly reflect difficulties in wood procurement.

The beginning of deforestation in the Baltic area, mentioned 
in the archives (Zunde, this volume), may explain, at least in 
part, these changes, and in particular the diversification in Baltic 
sources. Moreover, the general political context of the period also 
had an important influence on the import of foreign raw material 
(Rich and Wilson, 1967). The Religious Wars that affected almost 
the whole of Europe from the 1560s strongly disrupted traffic and 
international relations between countries. At the fall of Antwerp 
in 1585, and the separation between the Southern Netherlands, 
Catholic and Spanish, and the Northern Netherlands, Protestant 
and autonomous, the Dutch closed Antwerp’s access to the sea 
via the Scheldt River. The lack of direct access to the sea from 
Antwerp is thus probably one of the main reasons for the exploi-
tation of western wood for panel supports since Antwerp wood-
workers would have sought wood from other sources than the 
Baltic waynscots transported by the Dutch (Fraiture, 2009).

To come back to Rubens’s production, it is worth noting that 
several of the panels of lesser quality and those cut down from 
larger formats are preparatory sketches which, after being pre-
sented to the patron, were used in the studio to produce the final 

works and were not commissions in themselves. It appears logi-
cal, as has been suggested for the composite panels for the land-
scapes (Brown, 1999; Brown, 2000), that Rubens would have ac-
quired panels of lesser quality (and, presumably therefore less 
expensive) to paint works for his own use, reserving the invest-
ment in better panels for important commissions.14

Published data on panel supports for Rubens’s monumen-
tal altarpieces indicate that the wood for these important public 
commissions was carefully selected and assembled and even or-
dered by the patron rather than by the artist (Baudouin, 1992). 
However, dints and holes in the wood were filled with lead-white 
putty before the ground was applied on Rubens’s monumental 
triptych of the Elevation of the Cross now in the Antwerp cathe-
dral, finished in 1610 (Glatigny, 1992). For the enormous pan-
els of this triptych – the biggest oak panel structure recorded 
so far –, the panel maker Van Haecht had to combine vertical 
and horizontal boards since the maximum board length availa-
ble would not suffice. He used mobile v-shaped joints to avoid 
splitting of the planks that could be caused by movement restric-
tions. The surface at the joints had to be corrected with the same 
putty before the ground was applied. This example demonstrates 
that this filling technique was used in many different situations. 
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Fig. 10

A  Example of straight medullary rays, from a tree of regular growth (Por-

trait in a medallion of Don Gasparo de Guzman). © P. Fraiture, IRPA/KIK

B  Typical sinuous medullary rays from a twisted tree (Circle of Colijn de 

Coter, Nativity with Religious Donor and Circumcision, Royal Museums 

of Fine Arts of Belgium, Brussels, inv. 364). © P. Fraiture, IRPA/KIK

14. Rubens very likely painted the Portrait of Paracelsus for his own col-

lection (Vander Auwera and Van Sprang, 2007, p. 80). The original destina-

tion of Christ and the Adulterous woman, which combines several defects, 

both in the quality of the wood and the making of the support, is unknown. 

The painting may have been produced to be sold on the open market.
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Interestingly, Rubens retouched the triptych in 1627, perhaps to 
hide damages that might have appeared as a consequence of 
the relatively unstable, yet apparently unavoidable construction 
(Guislain-Witterman and Folie, 1992). The supports of a pair of 
portraits in the Brussels collection, Jean Charles de Cordes and 
Jacqueline van Caestre (inv. 2618 and 2619; 72.2 × 57 cm each), 
another, albeit more modest commission, likely to have been or-
dered around the couple’s marriage in 1619, also contained fillings 
in insect galleries related to sapwood preservation in the planks.

Conclusion

At this time, Antwerp was one of the most important producers 
of paintings in Europe. To increase their production, the panel 
makers had to rationalise their work, among others by specialis-
ing the stages of production between and within the workshops. 
They petitioned the authorities to recognise the new craft of pan-
el makers, probably to monopolise this important production. 
However, they did not consistently follow the regulations, even 
to furnish Peter Paul Rubens. These defects on Rubens’s panels 
are evidence of an economical use of the raw material, associat-
ed with a wish to increase the production rate. Moreover, these 
facts need to be put in relation with the decrease in power of the 
guilds in woodwork-related crafts in the 17th century.

Despite these measures, archival documents show that 
panel makers could not satisfy demand (van Damme, 1990). 
Artists therefore re-used painted panels or transformed ready-
to-paint panels (Dubois and Fraiture, 2010).

Studies of Rubens’s studio practice have emphasised his pe-
culiar choice of composite (and very likely cheaper) panels for 
private use. Some of the panels of lesser quality documented in 
the Brussels Museums could mostly be linked to private use, but 
it is more likely that fabrication and quality defects in Rubens’s 
panels reflect the general trend of the period: raw material had 
to be spared and production rationalised to meet the rising de-
mand for painting supports. 
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 CONCLUSION 





Tree Rings, Art, Archaeology.
Dialogue for a better understanding
of dendrochronology

The three-day conference Tree Rings, Art, Archaeology, and the 
present publication which follows from it, touches on many cur-
rent dendrochronological topics, such as methodology, archaeo-
logy, architecture, art history, palaeo-climate and past silvicul-
tural practices. All presentations and subsequent discussions 
adopted the common motto “Beyond Dates”, as was vividly il-
lustrated in the opening session of the conference and in the in-
troduction of this volume.

It is now evident that dendro-dating has achieved a new sta-
tus. More than simply dating a wood sample or a wooden object, 
dendrochronology now assembles large datasets over time and 
space resulting from purposeful cooperation between different 
tree-ring research groups. Such an enterprise is an ongoing proc-
ess and, as we saw during this conference, takes place over gen-
erations. It shows how we all stand on the shoulders of preced-
ing generations of dendrochronologists and that our successors 
will stand on ours. This kind of networking, which brings to-
gether sub-disciplines of tree-ring research seemingly far apart 
from each other or unrelated, such as dendro-archaeology and 
dendro-climatology, further leads to the emergence of new sub-
disciplines, such as dendro-provenancing.

However, such developments should not be considered only as 
an end in themselves; they must be integrated within a broader 
historical approach in order to realise their full potential and sig-
nificance. The contributions grouping dendrochronologists and 
specialists from other fields remarkably demonstrate this pre-
cept. Only close collaboration between the different disciplines 
ensures the reasoned and contextualised exploitation of informa-
tion provided by tree rings.

Pascale Fraiture
Royal Institute for Cultural Heritage (IRPA/KIK), Brussels, Belgium

Dieter Eckstein
Fachbereich Biologie Zentrum Holzwirtschaft, University of Hamburg, Hamburg, Germany

Jean-Pierre Garcia
UFR Sciences de la Terre et de l'Environnement, University of Burgundy, Dijon, France

In this way, the active participation of non-dendrochronolo-
gists – quite original in a conference focused on tree rings – has 
been very enriching for all. Although their contributions still 
tend to focus mainly on the chronological contribution of tree-
ring studies, the debates which followed each session of presen-
tations went far beyond this aspect.

During discussions

The many sessions dedicated to archaeology have been instruc-
tive in this respect. They involved a broad spectrum of dendro-
studies based on wood that was sampled in archaeological con-
texts. The contributions showed how dendrochronological signals 
may be interpreted either as climate proxies, on a large scale or in 
specific archaeological sites, as an indication of the strong influ-
ence of human activities on their environment. The discussions 
following the presentations focused as much on methodological 
questions as on perspectives concerning climate reconstruction 
and understanding of the eco/anthropo-system reflecting forest 
dynamics and environmental exploitation. The chronological con-
tribution of dendrochronology was also discussed, as tree-ring 
dates confirm, refine, or shift and contradict conventional or his-
torical chronologies. Interestingly, from a common point of view of 
the participants, it clearly appeared that for archaeological appli-
cations of dendrochronology, “dates are (often) not wrong, but the 
way (some) archaeologists interpret them is incorrect”. This pos-
tulate clearly shows the importance of mutual exchange of ideas!

A similar assessment can be made for other sessions, such 
as those dedicated to art objects. The dating aspect was also 
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discussed, but the accent placed elsewhere: wood quality and 
procurement sources which inform on the wider production 
context. These “secondary” contributions of tree rings add to 
understanding of the technical developments in wood use and 
changes in traditions in the making of these objects. 

Debates also brought to light the importance of confront-
ing existing historical sources, rules, laws and account books, 
among others, with the preserved artefacts. In other words, to 
bring theory face to face with practice. In this respect, aspects 
such as workshop organisation and trade or quality marks still 
present on objects livened these discussions.

Methodological discussions, inevitably taking place between 
dendrochronologists during this conference, occurred in the 
presence of “external observers”. This situation had the conse-
quence, unexpected we must admit, of raising the awareness of 
those outside dendrochronology of the degree of complexity in-
volved in the analytic processes, the existence of different views 
between “schools of thought”, and the importance of the intu-
itive and experimental aspect that governs dendrochronology. 
These discussions, in some ways, revealed the inner workings 
of a discipline often considered – wrongly – as being formalised 
and irrefutable. At the same time, such methodological debates 
were enriched by the views of the users and their own concerns.

Several themes were recurrent and energetically debated 
over these three days. Here are summarised some of them.

Communication of results of dendro-dating to users

For all dendrochronological dating, the dendrochronologist 
based the analysis on a long-established, straightforward pro-
cedure, using statistical analyses alongside visual cross-dating. 
In practice, mainly two situations may occur.

1. Some studies will provide an unequivocal date. Such dendro-
dates should be replicable, meaning that any laboratory should 
produce the same result.

2. But when dendro-dates from statistical and visual cross-dating 
are less compelling, different ways of viewing them are prac-
tised. A strict procedure can be applied, saying that, for mo-
derate results, it is the dendrochronologist who responds to the 
question “dated or not dated” by considering purely dendro-
chronological aspects. Alternatively, the lab can take also non-
dendrochronological aspects into account such as the cul tural 
and historical context of the object, discussing them with the 
data user, to come to a decision. According to many dendro-
chronologists, such dates cannot be taken as pure and inde-
pendent dendro-dates; moreover they may be based on circular 

reasoning. For the same reasons, this approach is also subject to 
debate amongst archaeologists.

Access to tree-ring chronologies

Another debate, stimulated by users of tree-ring analyses, con-
cerns access to dendrochronological data. There is a wide range 
of accessibility possible, from exchange between individuals to 
totally open access. The exchange between individuals and/or 
labs has been ongoing for more than half a century and is a mat-
ter of confidence and of good scientific practice. At the other ex-
treme, open access via Internet – not yet practised – would re-
quire significant bureaucratic expenditure. Yet there are several 
successful approaches between these extreme positions, such 
as the construction of a project-oriented, temporary tree-ring 
data bank, the data of which is furnished by the project part-
ners; this was done in an EU-project in the 1990s. More ambi-
tious is the current international project “Digital Collaboratory 
for Cultural Dendrochronology (DCCD)”, a trusted digital re-
pository managed according to public regulations and hosted 
by the Cultural Heritage Agency, Amersfoort, The Netherlands. 
Undoubtedly the oldest of such efforts, the “International Tree-
Ring Data Bank (ITRDB)” has successfully served for more 
than 35 years as a permanent repository for basic tree-ring data 
developed and contributed by scientists from around the world 
and housed at the National Geophysical Data Center in Boulder, 
Colorado, USA. 

These various levels of data exchange are well adapted to as 
well as proven and tested in the real world and will therefore 
also be applicable in the near future. Although some dendro-
chronologists argue for an entirely open access to tree-ring chro-
nologies, we must pay attention of the inconvenience of such 
an approach, faced with the dangers that this kind of analy-
sis can involve when carried out by non-specialists, in particu-
lar in terms of data interpretation and dendrochronological re-
sults once these have been recontextualised (interpretation in 
archaeo logical or historical terms).

On the other hand, the advantage and necessity of data bank 
projects is the maintenance of dendrochronological data, and of 
the metadata that they concern. This aspect becomes crucial for 
the future, as labs grow in number, as technologies allow record-
ing of more and more data, increasingly rapidly, as formats be-
come still more numerous. We also would like to pay attention to 
the need for preserving wood samples, and not only dendro-data.

Composite dating chronologies

In Europe, a considerable number of tree-ring chronologies 
of remarkable length exist, compiled from mainly short-lived 
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trees in rather large catchment areas and used primarily as a 
regional dating tool. For about 50 years, it has been evident 
that historical timbers may have been transported over large 
distances between the original forests to the places where they 
were ultimately used. Such transportation routes were either 
river systems or the open sea, such as the Baltic Sea or the 
Mediterranean. Before such composite tree-ring chronologies 
can be applied for dendro-climatic purposes, they should be 
dismantled to their component series and re-assembled, taking 
into account only those tree-ring series for which the origin is 
proven to be from a local forest. 

The sub-field dealing with the determination of the origin 
of historical timbers, dendro-provenancing, is vitally devel-
oping and has already produced far-reaching results concern-
ing the historical timber trade from as early as the 13th centu-
ry, from western Russia to western European countries as far 
as Portugal. However, to refine these routes and our chronolo-
gies, we strongly lack links between the evidence that dendro-
chronology brings to light and the knowledge of historians – for 
trade itself, for the history of forests, as well as for the organ-
isation of labour, from felling of the trees to transport and use 
of the timber – to place dendro-data in a historical perspective.

Conclusions and perspectives

At the end of this volume, did the conference meet our expecta-
tions? Thanks to confirmation by many participants, we can le-
gitimately answer that it did and largely surpassed them. First, 
the debates clearly demonstrate that the main issue of the con-
ference – which was to enlarge the role of dendrochronology 
in the historical sciences (“Beyond dates”) – inspired most of 
the conversations, both inside and outside the conference hall. 
Second, this event succeeded in bringing together specialists 
from different backgrounds and enabling them to debate to-
gether the uses of dendrochronology. Happily, we think that this 
has been useful, since a better knowledge of the potential and 
the limits of the tree-ring approach will hopefully lead to a bet-
ter understanding of its contributions. 

Nevertheless, we regret the too discreet presence of historians 
and art historians. This is probably a reflection of rea lity: dendro-
chronology has long been used by archaeologists and is thus more 
widespread in their field. Regardless, this situation shows the util-
ity of continuing the propagation initiated by this project.

To conclude, the enthusiasm of the participants and the in-
terest incited by this conference, as shown by the variety and 
spontaneity of the topics discussed over these three days, invites 
us all to continue along this path. Other comparable meetings 

– that lead to exchanges between different fields of competence 
– would certainly be profitable, whether they are as broad as 
this one or focused on a more specific theme. This has indeed 
been shown to be the case given the keen interest expressed 
by the participants during the very recent workshop Historical 
Wood Utilization, organised in September 2011 in Austria by the 
BOKU University (Vienna).

Finally, beyond this event and potential future meetings, and 
more practically, from this conference the need to disseminate to 
the different fields, as much our results as our procedures and 
methodological issues, can be clearly seen. In addition, with this 
multi- and interdisciplinary publication, we would like to stress 
the importance of developing research projects in common and 
publishing together the results of such collaborations, so that 
the different historical disciplines brought into contact interact 
concretely from the creation of a project to its conclusion, all in 
view of improving the quality of information acquired and op-
timising its interpretation.
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