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A Bio graphical Approach to 
Urban Communities from a   
Geoarchaeo logical Perspective

High-Definition Applications and Case Studies

ABSTRACT This paper presents an overview of 
methodo logical and theoretical advances in the 
geoarchaeo logical study of towns in north-west 
Europe, c. ad 750–1450. The interpretations based 
on these new results are anchored within a theo-
retical framework of ‘Bio graphies of Place’. This 
framework offers a strong fit with geoarchaeo logical 
methods, and through five themes related to urban-
ism this paper shows a perspective that bridges 
geoarchaeo logy and historical context, and allows 
researchers to challenge accepted narratives that 
have to a large degree been reliant on the same sets 
of material evidence. By illustrating the potential of 
these geoarchaeo logical methods and showcasing 
their specific contributions, this paper aims to show 
not only that, but also how, different geoarchaeo-
logical methods can most fruitfully be built into 
research designs of North European medi eval 
towns. This high-definition approach allows us to 
come a step closer to a more detailed picture of 
early medi eval and Viking Age urban communities.

KEYWORDS Medi eval urbanism; Viking Age towns; 
geoarchaeo logy; micromorpho logy; microXRF; 
phytoliths; Hedeby; Antwerp.
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Geoarchaeo logy as a Tool for 
Historical Urban Archaeo logy

This contribution aims to demonstrate the extent of 
the potential of geoarchaeo logical and micromorpho-
logical studies for urban archaeo logy.1 Geoarchaeo-
logical methods, and micromorpho logy in particular, 
are increasingly being incorporated in archaeo logical 
research from an early planning stage onwards. 
Micromorpho logy, the study of undisturbed soils 
and sediments using a polarizing microscope, has a 
long research tradition in the study of urban phenom-
ena in the Neolithic tells of the Near East (Gé and 

 1 Since the manu script for this paper was submitted in June 2016, 
cited references have not been significantly updated.
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others 1993; Matthews and others 1997; Matthews 
and Postgate 1994; Shillito and others 2011; Shillito 
and Ryan 2013). The application of such methods to 
European towns was initially limited to the work of a 
small number of experts. Over the last fifteen years, 
this situation has begun to change, with an increas-
ing number of scholars focusing on north-western 
European urbanity of the historical period.

In the past, geoarchaeo logical methods have 
been scarcely represented in the study of the medi-
eval period, perhaps as a consequence of a gen-
eral attitude towards archaeo logy as ancillary or 
illustrative to the written sources of this time (see 
Moreland 2006). Recent geoarchaeo logical work 
is contesting this misconception and demonstrat-
ing that geoarchaeo logy and micromorpho logy can 
strongly contribute to the understanding of many 
different aspects of sites from the last millennium. 
What is more, micromorpho logy has proved to be 
an ideal method for the analysis of urban sites due 
to the specific strati graphic challenges inherent to 
urban deposits.

This paper shows that geoarchaeo logy, and 
micromorpho logy in particular, can make a mean-
ingful contribution to the ways interpretations and 
narratives of a site are constructed. In this case, 
the interpretations are placed within a theoretical 
framework of ‘Bio graphies of Place’. This frame-
work, as argued below, offers a strong fit with the 
micromorpho logical method, especially when com-
bined with other high-definition techniques. By 
situating the material evidence in a bio graphical 
framework, micromorpho logy offers a perspective 
that bridges geoarchaeo logy with the historical 
context rather than primarily with environmental 
archaeo logy, as has often been the case in past schol-
arship. Additionally, the method enables researchers 
to challenge fossilized or problematic narratives of 
past scholarship, which have to a large degree been 
reliant on the same sets of material evidence.

In this contribution, a bio graphical approach is 
illustrated by lining up a catalogue of five themes 
that are related to various aspects of urbanism, and 
to which micromorpho logy can contribute. Four 
primary case studies spanning the early and high 
medi eval period, including the Late Iron Age depend-
ing on location (c. eighth–fifteenth century), were 
selected from two regions: Flanders (Belgium) and 
Scandinavia.

These two regions present the typical challenges 
archaeo logists face when studying urban strati graphy 
in north-west Europe: strongly homogenized depos-
its on the one hand, very thinly stratified ones on the 
other. Moreover, these two regions are historically 
under-represented in micromorpho logical studies.

Four case studies, Lier (Belgium), Antwerp 
(Belgium), Hedeby/Haithabu (Germany), and 
Kaupang (Norway),2 are presented to highlight 
the possibilities of the method, and how additional 
techniques, in this case micro X-ray fluorescence 
(µXRF), textural analysis, and phytolith analysis 
can refine these results further. The themes serve 
as a frame for discussing the (future) potential and 
limitations of geoarchaeo logy as a contribution to 
urban bio graphies.

Micromorpho logy in Towns

The thin sections used for micromorpho logical anal-
ysis are fabricated from block samples. These are 
collected from the archaeo logical section without 
disturbing the strati graphical context. ‘Undisturbed’ 
in this case means that all the components are still 
in their original position, and can be visually stud-
ied in relationship to each other. The advantage of 
working with undisturbed samples is that they are 
ideally suited for the study of the challenging strati-
graphy typical of urban archaeo logical contexts. 
Traditional excavation techniques still pose signif-
icant shortcomings for the study of two particular 
types of deposits that are commonly found in urban 
contexts: seemingly homogeneous deposits, often 
termed ‘dark earths’, and thinly stratified deposits. 
Both types of deposits are difficult to record and 
examine with the naked eye because of their homo-
geneity in the case of dark earths, and because of 
the level of microscopic detail as well as the sheer 
amount of separate laminations in the case of thinly 
stratified deposits.

In the past, a relatively small number of indi-
vidual experts have focused on these deposits in 
European towns. Most notably, they have been stud-
ied by scholars in the UK and France (Cammas 1994; 
2010; Macphail and Courty 1985; Macphail 1994), 
although other European countries such as Italy 
and Belgium are increasingly represented (Nicosia 
and others 2012; Devos and others 2011; Devos, 
Nicosia, and Wouters 2020). In Russia, only lim-
ited micromorpho logical research has taken place 
on single archaeo logical sites,3 with the exception of 
the early medi eval town of Gnezdovo, published in 
Russian (Bronnikova and Uspenskaya 2007). This 

 2 Since the micromorpho logy of Kaupang has already been 
published to a considerable degree (see Milek and French 2007; 
Wouters 2012; Wouters and others 2016), this case study will 
receive somewhat less attention here than the other three.

 3 See Bronnikova and others 2016, 37 for a comprehensive 
overview.
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body of work has only recently started to become 
available in English (Bronnikova and others 2016, 
38–43). The micromorpho logical interest in a wider 
range of Roman and medi eval towns has increased 
strongly in the past fifteen years (Banerjea and others 
2015b; Borderie 2011; Gutiérrez-Rodríguez and others 
2015; Macphail, Crowther, and Cruise 2007; Pichler 
and others 2014). An especially marked increase has 
taken place in the study of (predominantly medi-
eval) dark earths. This is a strictly descriptive term 
for homogeneous, humus-rich, non-peaty deposits 
as defined by Yannick Devos and others (2009, 270). 
An exhaustive overview of research on dark earths has 
been summarized by Cristiano Nicosia and colleagues 
(Nicosia, Devos, and Borderie 2013). The paper 
shows an increasing interest in the micromorpho-
logical study of medi eval dark earths, but it is clear 
that some regions remain strongly under-represented 
(irrespective of whether they contain dark earths or 
not). These include the urban deposits of Belgium 
and Scandinavia, discussed in more detail below, 
but the Netherlands as well as Central, eastern, and 
southern Europe are generally lacking in geoarchaeo-
logical and micromorpho logical studies of towns.

Micromorpho logy and Bio graphies

As shown above, a great amount of potential data 
remains untapped by the problems encountered 
with understanding, sampling, excavation, and, in 
the case of dark earths, even discarding of important 
deposits (Macphail, Galinié, and Verhaeghe 2003). 
This limits urban archaeo logy, while a more accu-
rate reading and interpretation of the data is possi-
ble. Micromorpho logy can offer a high-definition 
approach. However, as Karen B. Milek (2001) put 
forward twenty years ago, the results produced by 
scientific analyses often only serve to offer ‘basic’ 
interpretations, as environmental specialists are 
rarely the ones to synthesize all site data. As Milek 
has shown in subsequent integrated studies (Milek 
2012a; 2012b; Milek and others 2014), it is well within 
the means of specialists to actively contribute to the-
oretically informed, complex interpretations.

At the moment, the grand comparisons afforded 
by comparative world histories versus the engaged 
and situated histories of specific places are missing 
from archaeo logy (Raja and Sindbæk, introduction 
to this volume). Such an engaged and situated his-
tory is not possible without a detailed understand-
ing of how sites, in this case towns, looked, felt, and 
functioned in day-to-day life (Hansen, Ashby, and 
Baug 2015). Micromorpho logy, as a method une-
quivocally concerned with the basic archaeo logical 

given of strati graphy, is a way to increase the scale, 
detail, and accuracy of the data, and correlate mate-
rial remains more accurately to strati graphy. What 
is more, micromorpho logy offers the opportunity 
to integrate the vertical, strati graphic data with the 
spatial (horizontal) information. The latter gives an 
idea of how people organized and moved through 
the space and how the built environment in turn 
shaped the experience and actions of its inhabit-
ants (Bourdieu 1977; Giddens 1984).

Initially, Igor Kopytoff ’s (1986, 66) original idea of 
bio graphy was concerned with the difference between 
the expected or desired life trajectories of commod-
ities in a specific society, and how their actual tra-
jectories diverged from these idealized bio graphies. 
This contribution takes on a broader concept of bio-
graphies although arguably, Kopytoff ’s concept of 
cultural bio graphy can to a certain extent be applied 
to the archaeo logy of towns as well. For instance, it 
is perfectly possible to distinguish a current ideal-
ized trajectory for Scandinavian Viking Age towns 
in the archaeo logical literature of the past few dec-
ades (Wouters 2016): albeit somewhat simplistic, it 
still holds true that the ‘expected’ trajectory would 
be a town’s foundation as a seasonal marketplace 
by a king, which then becomes permanent, thrives, 
and finally declines and is abandoned or moved due 
to external (most cited are environmental or eco-
nomic) factors. One could then take it upon one-
self to examine how the actual trajectory of these 
places differs from this idealized or expected track, 
and how this manifests itself differently in the case 
of particular towns.

As conceptualized here, bio graphies offer a 
narrative, a middle ground between what Axel 
Christophersen (2015) calls a ‘processual’, diachronic 
approach of urbanism and the value of social prac-
tice theories. This approach allows each site to be 
examined individually and to construct a detailed 
bio graphy of its change through time before an inter-
site comparison takes place. It ensures that a maxi-
mum level of detail is retained even when focusing 
on more general questions. The emphasis lies on 
the study of the towns’ formation, their develop-
ment, and the practices that defined them. In this 
sense, a bio graphical approach is remarkably com-
patible with micromorpho logy in that it preserves 
the diachronic perspective, while also taking into 
account the spatial diversity and its implications for 
daily life. Micromorpho logy not only refines the 
scale at which a site is understood, it also has the 
power to identify stasis and change through time. 
It can characterize different phases in the develop-
ment of the (built) environment while at the same 
time taking into account post-depositional pro-
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cesses. This pairing allows the researcher to aim 
for the refined understanding of strati graphy so 
direly necessary in order to make sense of the huge 
amounts of material that urban deposits produce 
(Kalmring 2015, 140).

The aim of micromorpho logy in such a frame-
work is not to generate large amounts of aimless 
data. There is little use for exhaustive numbers and 
tables if they do not contribute meaningfully to our 
understanding of a site, each subjected to its own 
environmental and pedo logical context, and unique 
formation processes. Rather than comparing the raw 
numbers and quantitative tables of all sites directly 
with each other, they are analysed site by site to come 
to an interpretation first. By focusing on each town’s 
individual bio graphy on a case-by-case basis, these 
detailed and multifaceted accounts of each town can 
be compared at a more in-depth level. Such a com-
parison takes into account the similarities but also 
idiosyncrasies of separate towns instead of general-
izing at a too early stage.

In this contribution, five themes are explored that 
facilitate a comparison between the results from the 
different case studies within a chrono logically and 
geo graphically connected framework in a meaning-
ful way. These themes reflect different stages and 
aspects of the towns’ development, and coincide 
with some of the most important gaps in current 
knowledge of early medi eval towns:

1. Origins and pre-town activities
2. Evolution through time
3. The function of buildings
4. Spatial organization
5. Post-depositional processes

Other High-Definition Techniques

Apart from micromorpho logy, three additional meth-
ods contribute more detailed data to this contri-
bution: textural analysis, micro X-ray fluorescence 
(µXRF), and the analysis of phytoliths in thin sec-
tion. Numerous other techniques can contribute to 
archaeo logical interpretation in combination with 
micromorpho logy (see e.g. Canti and Huisman 2015; 
Milek and Roberts 2013, Nicosia and Stoops 2017). 
However, the three methods presented here share 
the advantage of being directly correlatable to the 
visual information gathered from the thin sections.

The selection and combination of analyses is tai-
lored to each case study in relation to the research 
questions that were put forward. It is a conscious 
choice to make this selection according to what is 
deemed necessary in order to understand each area 

or site in the best way possible instead of following 
a single standard protocol for all sites.

A commonly applied and accessible technique is 
the textural analysis of bulk samples. Here, the par-
ticle size analysis is conducted on micromorpho-
logically targeted bulk samples that are collected 
during block sampling or subsampled from the 
block samples themselves. This allows the charac-
terization of the textural signature of each specific 
layer or different parts of seemingly homogene-
ous units. They are compared using a Comparative 
Particle Size Distribution Index (Langohr, Scoppa, 
and van Wambeke 1976, hereafter SI index): a table 
that expresses the similarity between the different 
sedimentary units of a profile in percentages. This 
table indicates the extent to which the particle size 
distribution of two samples is similar. Low values 
show significant changes in texture between units 
and can be interpreted as a change in deposition 
regime or sediment source or as the truncation of 
units. High SI index values between units, on the 
other hand, are typical for in-situ soil formation.

MicroXRF is used to identify which chemical 
elements are present in a sample. This technique 
can be used to characterize the chemical composi-
tion of specific points on a sample, but it also allows 
creating elemental maps of the entire sample-sur-
face area. This can be applied to the impregnated 
sediment blocks that are left over after thin sec-
tion fabrication (Mentzer and Quade 2013), and for 
some chemical elements even on covered as well as 
uncovered thin sections (Wouters and others 2017a), 
offering the most precise correlation to the visual 
information in thin section.

The study of phytoliths, the silica bodies produced 
by plants, has become relatively common in archaeo-
logical research. However, the analysis of phytoliths 
is most often performed using bulk samples. This 
is problematic since important strands of informa-
tion can only be derived from contextual relation-
ships that are missed through bulk analysis. Several 
scholars advocate a more integrated approach using 
micromorpho logy (Devos and others 2009; Shillito 
2011; Vrydaghs, Ball, and Devos 2016; Vrydaghs and 
Devos 2018). The method developed by Luc Vrydaghs 
and colleagues (Vrydaghs, Ball, and Devos 2016; 
Vrydaghs and Devos 2018) shows that this approach 
can overcome two crucial issues not addressed by 
bulk-sample analysis: multiplicity and redundancy. 
The first implies that different phytolith shapes are 
produced by the same plant taxon, the latter that the 
same shape of phytolith can be produced by differ-
ent plant taxa (Vrydaghs, Ball, and Devos 2016, 79). 
This is problematic, because unlike with other botan-
ical remains such as pollen, which can be securely 
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attributed to a specific plant species, the context and 
anatomical position of phytoliths is crucial for plant 
identification. The study of bulk samples requires 
that the phytoliths are extracted and disarticulated, 
while micromorpho logical block samples preserve 
the original location of phytoliths. This allows for a 
better understanding of the depositional history of 
the phytoliths, for instance whether they are embed-
ded in waste material, in excrement, or if they were 
cultivated on the spot. A more secure identification 
of the plant is possible under the microscope, as is 
an assessment of additional bulk samples’ quality 
and representativeness.

A Bio graphical Approach Focusing on Case 
Studies from Flanders and Scandinavia

Despite the fact that the benefits of micromorpho-
logy for urban research have been demonstrated in 
the past, this method is4 not regularly applied to 
towns in Flanders and Scandinavia.

In Scandinavia, the use of micromorpho logy in 
urban contexts has remained limited. In Sweden and 
Denmark, geochemical studies focused on prehistoric 
cultivation and land management comprise the bulk 
of geoarchaeo logical research (Breuning-Madsen 
and others 2009; Engelmark and Linderholm 1996; 
Grabowski and Linderholm 2014; Linderholm 2007; 
2010; Nielsen and Kristiansen 2014). Micromorpho-
logy has been used for similar studies in all three 
Scandinavian countries (Courty and Nørnberg 1985; 
Macphail and others 2013; Nielsen, Kristiansen, and 
Dalsgaard 2015; Puy and others 2016; Sageidet 2000; 
2009; 2013; Simpson and others 2000), most inten-
sively in Norway. No micromorpho logy has been 
conducted on Danish towns,5 although experimen-
tal work has taken place on reconstructed Iron Age 
dwellings at Lejre (Banerjea and others 2015a). In 
Sweden, micromorpho logical research of dwelling 
spaces has taken place on sunken buildings (Macphail, 
Linderholm, and Karlsson 2006). The application 
of geoarchaeo logy in (medi eval) urban contexts is 
more common in Sweden than in Denmark, even 
though the application of micromorpho logy remains 
limited. At Birka, the potential of micromorpho logy 
was acknowledged during the excavation campaign 

 4 At the time of writing ( June 2016).
 5 Recent work has, amongst others, been performed in Ribe in 

the framework of the Northern Emporium Excavation Project, 
including micromorpho logical (this author) and geochemical 
work, which had not yet been performed at the time of 
submission of this manu script ( June 2016).

of the 1990s (Håkansson 1997), but no such study 
has been performed to date.

The Viking Age town of Kaupang is the first 
instance where micromorpho logy has been systemat-
ically applied in a Scandinavian urban context. Over 
sixty samples were collected from different locations 
across the site as part of a large-scale study, includ-
ing buildings, pathways, and ditches. A selection of 
thirty-two samples from the buildings on two plots 
(3A and 3B) as well as from the midden and har-
bour deposits have been published in detail (Milek 
and French 2007). The remaining samples, mostly 
from plots 1A and 2A, were more recently analysed 
by the author (Wouters 2012; Wouters and Milek 
2015; Wouters and others 2016).

In Flanders, the micromorpho logical research of 
urban contexts is a fairly recent development. A first 
study of dark earths was performed in the centre of 
Ghent (Ervynck and others 1999; Stoops, Stoops, 
and Laleman 2001). More recently, micromorpho-
logy was performed on a small selection of sites in 
the centres of Antwerp (Crabtree and others 2017; 
Devos and others 2013; Wouters and others 2016), 
Aalst (Devos 2012), and Lier (Wouters, Devos, and 
Milek 2014; Wouters and others 2017b), all focusing 
on the study of dark earths recovered in a framework 
of developer-funded rescue archaeo logy. Dark earths 
have been attested in many other Flemish towns such 
as Tongeren, Oudenaarde, Oudenburg, Mechelen, 
and Ieper, but these have not (yet) been studied using 
geoarchaeo logy.6 In the Brussels Capital Region, on 
the other hand, a specific research protocol for the 
study of the urban deposits has been developed and 
applied since 2001. It includes a systematic applica-
tion of geoarchaeo logy as well as archaeobotanical 
and zooarchaeo logical analyses (Vannieuwenhuyze 
and others 2012). This approach has proven of great 
value, as will become clear below.

The paucity of detailed micromorpho logical 
and geoarchaeo logical research in Flanders and 
Scandinavia is regrettable, especially considering 
that both were important areas for the development 
of post-Roman urbanism where the foundations for 
later urban development were (arguably) laid. While 
Scandinavian towns of the Viking Age have in the 
past been regarded as marginal when compared to 
the towns more central to the Carolingian Empire, 
it is beyond doubt that they too played an impor-
tant role in urban development and state formation. 
From an economic perspective, the view of margin-

 6 Since the compilation of the original manu script, Lier, Tongeren, 
and Ieper have been analysed and partly published, see Wouters 
and others 2017b; 2019; Wouters and Devos 2017.
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ality is simply untenable, considering the importance 
of many Viking Age towns as central nodes in inter-
national networks of trade (Sindbæk 2007; 2012). 
The idea of general interconnectedness has also been 
gradually increasing regarding early medi eval north-
west Europe (and beyond), and the communication 
between people and regions is now accepted to have 
been far more significant than previously thought 
(Hedenstierna-Jonson 2012; 2015; Loveluck and Tys 
2006; Sindbæk and Trakadas 2014).

The four case studies, Kaupang, Hedeby, Antwerp, 
and Lier, were chosen to cover both of the strati-
graphical problems common on (early) medi eval 
town sites and to cover a range of scenarios that took 
place in these different regions. They also touch 
upon different sampling strategies, including the 
more controversial collection of micromorpho logy 
samples obtained by coring. In what follows, the 
results from the four case studies are discussed in a 
bio graphical framework according to the five themes 
set out above.

Origins and Pre-Town Activities

In many instances, the earliest urban structures over-
lie traces of agricultural practices. This trend is visi-
ble in most of the case studies discussed here (except 

for Kaupang) and appears to be a more generalized 
phenomenon. In some cases, especially those of the 
high and late medi eval period where other parts of 
the area already contain a denser, built fabric, this 
may spark discussions about the place of agriculture 
within urbanized space. Additionally, micromorpho-
logy has the potential to bring to light important 
nuances about the use of space during this phase, 
here illustrated by Antwerp and Lier.

Antwerp is an early medi eval trade and produc-
tion settlement, of which the earliest wooden built 
structures are dated to the ninth century (Bellens 
and others 2012). Lier, on the other hand, only devel-
oped its urban character in the high and late medi-
eval period, most notably as a centre for textile trade. 
Despite the difference in age, the earliest human 
activities at both sites were represented by a simi-
lar-looking, light to dark grey, dark earth (Fig. 6.1).

The SI indices of both sites show that there was 
no litho logical discontinuity with the underlying 
mineral material, and that the soils were formed 
in situ, even though the textural analysis suggests 
that soil sods may have been added in Antwerp. 
Micromorpho logy shows that cultivation of crops 
took place at both sites, including manuring prac-
tices. The most important characteristics to support 
this interpretation are:

Figure 6.1. Oldest dark earths of Antwerp (Burchtsite) and Lier (Grote Markt) that contain evidence of cultivation. Photos by Yannick Devos.
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1. Dusty clay coatings, typical for unprotected 
soil surfaces

2. Humus-rich character of the micromass
3. Increased porosity compared to the C-horizon7

4. The evidence for soil fertilization in the form 
of fragmented, eroded, and randomly distrib-
uted fragments of pottery, charcoal, and bone 
(household waste), minute traces of dung, 
and an anomalous level of faunal bioturba-
tion for these initially poor, sandy soils

5. In the case of Lier, traces of soil mixing and 
implement use

The evidence from the phytolith analysis, however, 
showed a significant difference in the types of crops 
that were grown. In Antwerp, the cultivation of grain 
was confirmed by the presence of oats (Avena sp) 
(Devos and others 2013). In Lier, on the other hand, 
no phytoliths of cultivated grains were observed. 
Instead, their absence supported by the botanical 
macro-remains from this unit is suggestive of flax 
cultivation (Wouters and others 2017b; Vrydaghs 
2016). This unit has been dated to ad 1020–1190 and 
highlights the significance of the micromorpho logical 
results, since this hypothesis would bring the earli-
est evidence for flax cultivation in this area approx-
imately one century back in time.

Evolution through Time

The evolution of a particular site is explored by 
identifying the changing activities through time. 
The case studies of Lier and Hedeby illustrate this 
approach in the light of different sampling strategies.

At the Grote Markt (the current market square) 
in Lier, block samples were taken from a profile con-
taining three dark earths spanning the eleventh to 
the fifteenth centuries. They attest to the process 
of market formation, a development of which the 
dynamics are not well known.

A litho logical discontinuity indicates the trun-
cation of the first dark earth described above. The 
second dark earth, dated to the final quarter of the 
twelfth century and onwards, has a very different char-
acter. It contains a range of inclusions such as charred 
peat, vitrified ash (silica slag) and ash remains, shells 
as well as organic matter such as leaves, husk frag-
ments, and uncharred peat. Construction waste in 
the form of limestone and daub was also observed. 

 7 Or substratum, located above the bedrock and below the 
B-horizon, is the geo logical soil material (weathered parent 
material), not or only little affected by soil-forming processes.

In several places, the presence of planar voids, fis-
sures, compaction, and the horizontal orientation 
of components suggests that this unit was repeat-
edly trampled. The unit developed gradually in situ 
as a result of intensive human activities, witnessing 
the site’s initial transformation to an urban space. 
It likely represents an early market or open space 
close to dwellings or small courtyards.

Several mixed units separate the second dark 
earth from the third. The units are mainly composed 
of construction debris and contain larger fragments 
of limestone and daub. Bioturbation by soil fauna 
and plant roots is extremely limited and suggests a 
rapid accumulation. The upper part of this accumu-
lation has been trampled, suggesting a type of sur-
face preparation. These units are interpreted as the 
result of intensive building activity, and are possibly 
the result of a spatial reorganization of the square.

The formation of the third dark earth, which 
started in the fourteenth century, is characterized 
by an intensification of traffic and craftwork activ-
ities. No litho logical discontinuity exists between 
this dark earth and the underlying units. The unit 
shows a gradual build-up and has been repeatedly 
trampled. It contains an abundance of a wide range 
of waste materials, including burnt and unburnt peat, 
charcoal, ceramics, leather, vitrified ash, metal slag, 
hammer scale, fish bone, burnt and unburnt mam-
mal bone, brick, mortar, shell, metal, charred seeds, 
fruit seeds, and egg shell. These inclusions are con-
sistent with mixed market activities. It is remarkable 
that this intensively used third dark earth seems to 
have originated exactly in the same period in which 
the town took over the market infrastructure from 
the duke of Brabant (Wouters and others 2017b). 
Surfaces may have been maintained by spreading 
organic matter such as leaves, sand, and hearth detri-
tus. However, there is no evidence for a well-kept, 
empty square before a thick layer of levelling sand 
was deposited (in the second half of the fourteenth 
century at the earliest) and the market was cobbled. 
Only with this final addition of the sand layer, pos-
sibly related to the building of the new cloth-hall in 
ad 1367, did the market area become fully ‘urbanized’, 
starting to play its role as the symbolic forum for 
Lier’s own urban identity, as a marker of its success.

The changing activities at Hedeby are repre-
sented by forty-one samples fabricated from two 
sets of three cores (1 m depth, 44 mm width) taken 
at two single points in the central settlement area 
of the site (Fig. 6.2).

Under normal circumstances, it is not recom-
mended to sample for micromorpho logy using drilled 
cores, partly because of the risk of disturbing the sed-
iments, but mainly because all contextual information 
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that can be gained from a full profile is missing. In 
this case, however, the cores were taken only c. 1.5 m 
from a profile that was part of an earlier excavation 
and were targeted on the basis of a site-wide geo-
magnetic survey (Hilberg 2008). In this case, coring 
allowed the collection of samples from a protected 
heritage site, where traditional excavation would at 
present not have been possible.

Here, a consistent development of activities at 
the site was noted in both cores (except for the top 
1 m discussed in the next section). The lowermost 
parts contained evidence for a buried sandy soil 
profile, consisting of a C-horizon (SU 1 in Fig. 6.2), 
an iron- and humus-rich B-horizon (SU 2), and a 
top-soil or A-horizon of c. 15 cm in depth show-
ing traces of cultivation, possibly in combination 
with pasture (SU 3). The top of this horizon, with 
evidence for an intact turf-line, was trampled and 

contained inclusions of organic tissue, coprolites, 
charcoal, bone, and unburnt hazelnut shells. This 
border between units 3 and 4 marks an intensifica-
tion of use in the immediate surroundings of this 
area. The fact that only half of each core was used 
for thin section fabrication means that remains of 
the sediments, and thus of the hazelnut shells, are 
still available for 14C-dating. Consequently, this way 
of working allows us to identify, pinpoint, and pre-
cisely date the exact material marking the earliest 
intensive activities at the site.

The rest of this unit (SU 4, with a thickness of 
c. 15 cm) can be characterized as a sheet midden 
or amended A-horizon. The surface was subject 
to moderate trampling, at the same time enriched 
with anthropogenic inclusions that were gradually 
mixed in, for instance due to trampling, sweeping, 
or wind. The inclusions occur in small quantities 

Figure 6.2. Thin sections of cores 502 and 505, showing the division in strati graphic units (SU) (left). Thin section width c. 4.5 cm. 
The locations of cores 502 and 505 are plotted on the geophysical map of the site (bottom right) in the central part of the settlement area 
within the D-shaped rampart of Hedeby (top right). Core 502 is located within a rectangular geomagnetic anomaly and core 505 outside it, 
with the known street running parallel along the shore just east of both cores. The white rectangle to the south of the cores represents the 
area excavated in 1969. Maps provided by Joachim Schultze. Thin section scans by Barbora Wouters.
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and comprise modest amounts of charcoal, burnt 
and unburnt bone, traces of vitrified ash, ash, traces 
of metal slag and leather, plaster or whitewash, and 
plant organs such as bark, small twigs, wood, chaff, 
seed skins, and hazelnut shell. In its basic appear-
ance, the unit is comparable to the market units of 
Lier, where the same combination of sometimes 
trampled anthropogenic inclusions forms part of a 
thick, still predominantly mineral unit.

A likely animal stabling layer (SU 5) overlies 
this unit, containing predominantly wood chips, 
twigs, bark fragments, straw, and leave fragments, 
also suitable for 14C-dating. Next, c. 50 cm show-
ing a lamination of domestic waste and trampled 
floor surfaces (SU 7) is present in core 505. This 
seems to correspond to the second half of the ninth 
century in the settlement’s development (Schultze 
and Wouters 2015). This thinly stratified part of 
the strati graphy is overlain by colluvium (SU 8, see 
below). The possibility of dating specific features 
within layers would allow a high-precision charac-
terization of events and changes, since they can be 
precisely linked to the visual record in thin section.

The Function of Buildings

Micromorpho logy is also ideally suited to iden-
tify the function of specific buildings. As previ-

ous research by Karen B. Milek and Charles A. I. 
French (2007) has already demonstrated, it is pos-
sible to distinguish convincingly between indoor 
and outdoor deposits to characterize the extent of 
buildings. What is more, the research at Kaupang 
showed that separate floor layers can be recognized, 
as well as their maintenance, and that a distinction 
can be made between the central and side aisles of 
houses. Even in cases where deposits are so heavily 
disturbed by bioturbation that their interpretation 
as a building is questioned, micromorpho logy can 
still be applied to successfully identify past activities. 
This was the case at the building in plot 2A, with the 
identification of an in-situ clay hearth that had not 
been identified in the field. At least two floor layers 
were observed which contain evidence for a domes-
tic use of space. These also witness the presence of 
at least two separate occupation phases (Wouters 
and others 2016, 288).

The same type of domestic floor layers has been 
found in core 505 at Hedeby and stands in stark con-
trast to locations where intensive artisanal activity 
has been attested. This was the case in the upper 
1 m of core 502 at Hedeby (SU 9). Here, the square, 
geomagnetic anomaly, in relation to which the core 
was originally targeted, could be explained by the 
presence of ironworking debris, confirmed as such 
by µXRF. The waste included relatively large quan-
tities of iron hammer-scale or metal slag and burnt 

Figure 6.3. Detail of thin section 11, showing the location and µXRF elemental area map illustrating the 
distribution of silver (blue), copper (red), and bromium (green). Illustration by Barbora Wouters.
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clay fragments, likely from furnace walls or casting 
moulds. Additionally, and unexpectedly, the presence 
of a silver droplet was characterized with the use of 
µXRF (Wouters and others 2017a). The creation of 
a multi-element map (Fig. 6.3) showed a blend of 
silver and copper commonly found in Viking Age 
silver bullion.

This material was most often derived from medi-
eval coins debased with copper, or Arabic dirhams, 
containing between 5 and 35 per cent copper depend-
ing on the period of minting (Kilger 2011, 268–70). 
A thin layer of bromine covering the silver is a result 
of surface alteration, noted on Viking Age artefacts 
in the past (Graham-Campbell 2008), explained by 
corrosion related to its burial environment (Hedges 
1976; Marchand and others 2014). The presence of 
a mix of ferrous as well as non-ferrous metals has 
showed that mixed metalworking was taking place, 
which corresponds with Unn Pedersen’s (2015) find-
ings at Kaupang. This research suggests that a wide 
range of metals and designs were used in the same 
location by the same craftspeople, instead of a spe-
cialization towards bulk products or more ‘exclu-
sive’ items made from a single metal.

In Antwerp, similarly to Hedeby, stabling depos-
its were the first evidence of built structures in the 
early medi eval town, attested at two separate locations 
of the Burchtsite within the D-shape (Crabtree and 
others 2017; Devos and others 2013). The evidence 

of stabling consisted of compacted, parallel-oriented 
plant remains: leaves, wood, husk fragments, and phy-
toliths. They contained a mixture of fresh and older 
plant remains, the latter possibly digested. Fungal 
sclerotia, typically linked to decomposing leaves and 
coprolites, were also found. In one instance, µXRF 
could be used to support this interpretation by the 
characterization of a phosphorus crust associated 
with phytolith layers in the mineral unit directly 
underlying the organic deposits, typical for stable 
floors. It is the result of liquid animal waste reaching 
a compacted surface (Macphail and Goldberg 2010, 
603; Shahack-Gross, Marshall, and Weiner 2003). At 
one location, the almost completely organic bed-
ding consisting of wood chips, twigs, and bark was 
remarkably similar to the stabling layer of Hedeby 
described above. Here, the combined evidence from 
micromorpho logy and entomo logy indicates that 
this stable was likely roofed (Crabtree and others 
2017), which may also have been the case at Hedeby. 
Further research is needed to examine whether this 
trend was local or more widespread on these sites, its 
meaning, and whether a similar trend can be found 
at other emporia. This is supported by the experi-
mental work by Rowena Y. Banerjea and colleagues 
(2015a, 110), who have shown that previously cov-
ered (stabling) structures can quickly be altered to 
homogeneous deposits once they lose their roof-
ing, de facto gaining the appearance of dark earths.

Figure 6.4. (Left) Map of the second phase of the settlement of Kaupang based on field observations. (Right) Reinterpretation of this plan 
based on the results of the micromorpho logical studies. The postholes running between plots 2A and 2B belong to a younger settlement phase 
and were thus omitted in the reinterpretation. This figure illustrates the implications of micromorpho logical analysis for the understanding of 
the organization of space in the town, the traffic through the town, the estimated density of habitation, and the structure of the urban fabric. 
Illustration by Karen Milek, based on a joint design following the assessment of all micromorpho logical analyses that have taken place on the site.
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Spatial Organization

As demonstrated by the two cores from Hedeby, 
micromorpho logy can contribute to a better under-
standing of the spatial organization of a selected area 
of a site. Depending on the extent of the sampling 
strategy, this can be extended to the entire site, as 
was the case at Kaupang. Here, four different build-
ings were sampled and analysed, as were pathways, 
ditches, postholes, middens, and harbour deposits. 
Over time, this has allowed the creation of a much 
more nuanced and detailed representation of the 
site. For example, a longitudinal deposit between 
the houses on plots 3A and 3B was tentatively inter-
preted as a ditch on site. However, with comparative 
micromorpho logical analysis of a known pathway 
(thanks to the preservation of ancient footprints) and 
midden deposit, this feature could instead be inter-
preted as a pathway. This, together with information 
about the extent and orientation of the houses, has 
provided more data about the way people moved 
through the space. It has become clear that in all 
instances, the houses covered the entire width of the 
plots so that people had to move through the inte-
rior of the house in order to reach the back of the 
plot. This also had implications for perceptions of 
private and public spaces within the house itself and 
in the back of the plot. The evidence also suggests 

that the pathway of plot 1A may have been connected 
to that between 3A and 3B, creating an urban fab-
ric much more similar to contemporary towns such 
as Hedeby, where houses were oriented from both 
sides onto a central pathway parallel to the shore-
line, with smaller paths leading down to the water 
between the houses (Fig. 6.4).

While the possibilities offered by the 
micromorpho logical research of a single site are 
impressive, they can be expanded even further to the 
level of entire towns. This potential is illustrated by 
the research of Devos (2015; 2019) in Brussels, where 
systematic interdisciplinary (micro-)geoarchaeo-
logical research has been performed on every site 
excavated in this region over the last fifteen years. 
This extensive protocol, atypical for Belgium, has 
allowed the functional mapping of all dark earths 
located in the town dated between the tenth and 
thirteenth centuries (Fig. 6.5a). Due to the dry con-
texts, no pollen was preserved. Only phytoliths and 
charred macro-remains were available to assess the 
botanical record. This approach clearly illustrates how 
much the systematic study of dark earths can con-
tribute to our understanding of the (earliest) medi-
eval use of space in the town, its changes through 
time, and urban topo graphy. Many of these activi-
ties are only identified in dark earths, so discarding 
these deposits leads to the loss of important infor-
mation assemblages.

Figure 6.5. a) Map of Brussels showing the activity zones identified in the dark earths dated between the tenth and thirteenth centuries ad. Based 
on Vannieuwenhuyze and others. 2012, 233. b) Illustration of the research potential of dark earths found in Antwerp, identified on the basis of 
excavation information from archival sources: 1. Groenplaats, 2. Handschoenmarkt, 3. Korte Ridderstraat, 4. Lijnwaadmarkt, 5. Oudaan, 6. Ruckersplein, 
7. Steen, 8. Stadsparking, 9. Veemarkt, 10. Guldenberg phase I and III, 11. Bisschoppelijk Paleis, 12. Zwartzustersstraat, 13. Coppenolstraat, 14. Frans 
Halsplein – Kattenstraat, 15. Koraalberg, 16. Oude Beurs, 17. Oude Koornmarkt, 18. Sudermanstraat, 19. Grote Markt – Kaasrui, 20. Steenplein, 
21. Hoogstraat, 22. Grote Kauwenberg, 23. Kathedraal, 24. Burchtsite. Figure adapted from Devos and others 2013, 178.
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The overwhelming extent of this potential for 
other towns is illustrated further by comparing 
Brussels with Antwerp. In Antwerp, over twenty 
sites with dark earths have been identified, while 
only one has been studied using micromorpho logy 
so far (Fig. 6.5b).

Post-Depositional Processes

The post-depositional processes that affected the 
preservation of ash and bone at Kaupang, and an 
increasing wetness of the environment in Antwerp 
have already been discussed elsewhere (Wouters and 
others 2016). In Kaupang, the acidity had induced 
far-reaching bone diagenesis so that bone preser-
vation was severely affected. Due to the same pro-
cess, as well as an input of water, almost no ash was 
preserved at the site, although its previous presence 
could be deduced from the melted silica remains of 
plant ash (vitrified ash or non-metallurgical slag). In 
Antwerp, newly formed pedofeatures caused by the 
dissolution and redistribution of iron and phospho-
rus, such as pyrite or vivianite, attested to a changing 
environment with an increasing prevalence of wet 
(anaerobic) conditions (Wouters and others 2016, 
288–90). In this section, the focus lies on some of 
the processes that have affected Hedeby and Lier.

The upper 50 cm of each of the two cores taken 
at Hedeby consisted of a homogeneous, dark layer. 
The thin sections showed a mixture of mineral and 
organic material, interspersed with abundant anthro-
pogenic inclusions such as charcoal, weathered daub, 
burnt clay, burnt and unburnt bone, and traces of 
vitrified ash. Most anthropogenic inclusions are 
extremely rounded, which indicates translocation 
of these particles due to rolling (Mücher, van Steijn, 
and Kwaad 2010, 38–39). They are often embedded 
in a coating of soil matrix (Fig. 6.6).

The high degree of homogenization cannot be 
attributed solely to bioturbation, and the deposit 
is rich in fine, dark organic matter. In combination 
with the character and distribution of the anthropo-
genic inclusions, this indicates colluvium (Mücher, 
van Steijn, and Kwaad 2010). This hypothesis is con-
sistent with the layer’s location at the bottom of a 
slope. The amount and range of anthropogenic inclu-
sions suggests a secondary deposition of disturbed 
occupation phases coming from elsewhere on the 
sites. The dusty clay coatings may be the result of 
ploughing or similar physical impact. After the set-
tlement was abandoned, subsequent agricultural 
use and erosion resulted in a further homogeniza-
tion of this unit.

In Lier, it became apparent that seemingly homo-
geneous units were obscuring a range of different 
activities. The fact that the third dark earth devel-
oped in situ on the mixed building remains, which 
also contained more homogenized areas, shows that 
dark earth formation can occur on a wide range of 
parent materials, even building rubble, if the right 
conditions are present. This study confirms the find-
ings of past research in Antwerp, Brussels, and Aalst, 
as well as outside Belgium, that dark earth forma-
tion is the result of a complex interplay of different 
processes. Oftentimes, the various anthropogenic, 
natural, and post-depositional processes are difficult 
to distinguish, since they often occur in cycles and 
mutually obscure each other. Thanks to the undis-
turbed character of block samples, micromorpho-
logy is the ideal method on which a multi-proxy 
study of dark earths can be based.

Conclusion

While micromorpho logy and associated geoarchaeo-
logical methods such as particle size analysis, µXRF, 
and the analysis of phytoliths in thin section have 
been used only sparsely on urban sites from c. ad 800 
onwards, this paper has demonstrated the potential 
of their application. This approach is particularly use-
ful for the study of poorly preserved sites, sites with 
complex strati graphy and microlaminated deposits, 
as well as homogenized deposits (dark earths). All 
these phenomena are commonly encountered on 
Viking Age and medi eval urban sites. The benefits 
of integrating micromorpho logy with the associated 
methods include the fact that all data can be related 

Figure 6.6. Relatively rounded unburnt bone fragment 
in the colluvium layer SU 8 (right), with a smaller and 
even more rounded calcined bone fragment (left). 
Both inclusions are embedded in dark, humus- and 
charcoal-rich matrix. Illustration by Barbora Wouters.
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to the visual information in thin section, and that 
specific areas and materials can be targeted for fur-
ther (elemental) analyses and dating. However, the 
combination of these methods is the most useful 
when they have been built into the project design 
from the start: knowledge of the questions asked, 
where to sample, and what type of samples to take 
and how is crucial.

The different themes addressed in this contri-
bution show how this specialism can make a mean-
ingful contribution to the ways interpretations and 
narratives of a site are constructed, but also how 
existing assumptions about their dynamics can be 
challenged. For instance, the narrative of emporia 
typically emerging as seasonal trading sites on ‘blank’ 
(previously unoccupied) sites, is explored through 
the example of Hedeby. The highly increased amount 
of anthropogenic inclusions may be suggestive of 
a more intensive initial use following agricultural 
activities on-site. Additional samples from differ-
ent locations, as well as 14C-dating of the remains 
found on the turf-line, could elucidate timing and 
character of occupation further. At Antwerp and 
Lier, the type of cultivation could be further speci-
fied, with important implications for the timing of 
flax cultivation (used in textile production) in the 
latter case. Also common on two early urban sites 
was the presence of (roofed) initial stabling layers. 
In Lier, micromorpho logy has attested the transfor-
mation of common land to a marketplace, a high and 
late medi eval evolution which to this day remains 
poorly understood from an archaeo logical perspec-
tive. The method also offers a hint of what the mar-
ketplace may have looked like and how it would have 
been experienced: as a chaotic and intensively used 
space versus the empty, cobbled squares depicted 
in contemporary icono graphic sources.

In the cases where samples had been taken hori-
zontally, the function of buildings and their inter-
nal organization could be characterized. This leads 
to a better interpretation on a site-wide level, illus-
trated by the case of Kaupang, where the layout of 
pathways and buildings could be revised. The results 
suggest that the layout of Kaupang may have resem-
bled other Scandinavian towns of the period more 
closely than previously thought. The interpretive 
power of the method can be significantly improved. 
Since micromorpho logy only provides information 
about each specific sampled locality, it is most use-
ful when samples can be collected in different sites 
or even entire towns to better understand their bio-
graphies. The example of Brussels illustrates the 
potential knowledge of activities and topo graphy that 
can be gained, while the map of Antwerp shows just 
how much we could have known about the pre-six-

teenth-century town that is so poorly preserved. At 
this level, specialists can become the ‘synthesizers’, 
making significant contributions to a site’s interpre-
tation at a theoretical level.

This paper has thus illustrated the sheer amount 
of data that has been left untouched, and the enor-
mous potential that could be tapped into if more 
urban sites of this period were to be studied using 
micromorpho logy. The method has the ability to 
challenge fossilized or problematic narratives of 
past scholarship, especially where they have been 
reliant on the same sets of material evidence. This is 
especially true for sites that have become protected 
heritage and where further excavation is impossi-
ble, such as Hedeby. In the future, the method may 
also have its merits as a method of assessment, for 
instance for identifying the impact of post-deposi-
tional processes and the targeting of specific strati-
graphic units. This idea has been proposed in the 
past but rejected due to time and cost (Courty 2001). 
However, larger projects that span multiple years may 
offer enough possibilities to try again in the future.8

The method’s greatest strength lies in its potential 
for high-definition as well as high-precision results. 
A case-by-case bio graphical approach that integrates 
the vertical and the horizontal levels offers a way to 
reconcile a situated, specific perspective on the one 
hand, and a comparative perspective on the other. 
Particularly in the physically complex contexts posed 
by urban deposits, micromorpho logy offers a middle 
ground to reconcile the vertical strati graphy (time) 
with the horizontal (space). Its interdisciplinary use 
in combination with other methods, techniques, 
and materials can then be integrated in a network 
approach that allows for analysis and comparison 
in a more global perspective.

 8 As showcased in the Northern Emporium Project – Ribe 
Exca vation, see for instance Croix and others 2019, Wouters 
2018, as well as forthcoming work detailing the excavation of 
Post hustorvet.
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