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INTRODUCTION 

 

During three days in January 2013 some 125 researchers and policy makers joined in the congress centre 
“Het Pand” at Ghent University to discuss current possibilities and pitfalls in the use of non-invasive survey 
methods to study complex archaeological sites in Europe. The colloquium was organized within the framework 
of the European Marie Curie project “Radiography of the Past”, which is run by a consortium of seven European 
teams from Academia and Industry. Over the last four years, the project has developed as a forum for research 
and communication about non-invasive survey on complex archaeological sites in Europe, organizing integrated 
fieldwork operations on test-sites, formation weeks for young researchers, and finally this closing event at Ghent 
University, one of the project partners. 

This successful international scientific meeting had sequential sessions about such topics as: 
Geoarchaeological Survey, Remote Sensing and Aerial Photography, Geophysical Survey, Digital Technologies 
and Visualisation, and Site Management and Valorisation. It concluded with an animated round table discussion 
by a group of survey project directors, rounding up possibilities and future directions of non-invasive survey on 
large and complex archaeological sites in Europe. 

During the last twenty years, a set of methods of surface survey and non-invasive sub-surface prospection has 
been developed to investigate still buried, complex archaeological sites, aiming to limit destructive intervention 
such as excavation. Archaeological excavations, in fact, imply not only costly and time-consuming field 
campaigns, but also require an endless effort in restoration and preservation of what has been brought to light. 
For this reason, different “non-destructive” approaches have been successfully applied mostly to “deserted” 
complex archaeological sites, where the absence of continuity leaves great opportunities to test different 
techniques. These methods include different kinds of remote sensing, ground based geophysics, systematic 
recording of surface materials, GIS-based analysis and visualisation tools, geomatic and geomorphological 
survey. 

The colloquium achieved a European round-up of these developments. The pooling of resources and very 
different skills to tackle each possible aspect related to “non-destructive” approaches allows not only to obtain 
“radiographs” of what is still buried in the ground, but also to work out new instruments for the interpretation 
and visualisation of results. In this latter area, the 3D vision of sub-surface evidence can provide a formidable 
medium to convey scientific information and to enhance cultural resource management on an international and 
interdisciplinary scale. 

The main target of the colloquium was to join a series of European academic research leaders in the fields 
summed up above, to exchange opinions, discuss and develop some common goals and approaches for future 
research. At the same time promising young researchers would be able to participate actively in this process, as 
well as to present some of their own research and innovative methods. Finally, also commercial archaeological 
teams and stakeholders in the wide domains of archaeological landscape survey, visualisation and archaeological 
resource management will be able to participate and profit from this international meeting. 

This electronic booklet assembles the abstracts of all oral presentations and posters at the colloquium. They 
represent the work done in over 30 countries in Europe and beyond, by researchers from some 20 European 
countries. The quality of the research presented here and the wide diversity of approaches, strategies and often 
innovative technologies confronted at the Ghent meeting have demonstrated that non-invasive archaeology and 
the need to develop it for research, presentation and site management is very much at the forefront of 
archaeological research policy in Europe today.  
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JEAN BOURGEOIS | jean.bourgeois@ugent.be 
Ghent University  
Department of Archaeology  
Ghent, Belgium 

 

AERIAL PHOTOGRAPHY IN FLANDERS:   
FROM RESEARCH TO  

CULTURAL HERITAGE MANAGEMENT 

For more than three decades, Ghent University has been contributing to aerial photography in the provinces 
of East and West Flanders. Starting from a personal initiative by a local pilot-amateur archaeologist, it became a 
research project within the Department of Archaeology in the mid-eighties and from then on developed as a full 
research topic. During these three decades, more than 70,000 photographs were taken that reveal a great number 
of archaeological monuments as well as geological and historical phenomena. From an analogue technology, 
aerial photography developed into a digital, GIS-based information set. Based on present day photography, the 
Department opened part of its research to historical photography, especially World War I photography. 

As a research tool it changed completely our views on different periods, especially on the Bronze Age in 
Sandy Flanders, previously considered to be of little interest to society. Thanks to aerial photography, we can 
now fully analyse the landscape setting of the burial monuments of that time. Also for other periods, the impact 
of aerial photography cannot be underestimated. With regard to our research in historical photographs, it 
changed some views about the ‘war landscape’ of WWI. 

Both modern aerial photographs and historical pictures can supply important information for a better heritage 
resource management. The amount of sites and the specific settings of these sites within the landscape allow a 
more comprehensive and integrated management, as will be shown. Moreover, the use of historical photographs 
in a museum context offers a huge potential for site valorisation. 

The lecture will develop on these themes and discuss some examples of research and management. 
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HELMUT BRÜCKNER | h.brueckner@uni-koeln.de 
University of Cologne 
Department of Cultural Heritage  
Cologne, Germany 

SPATIO-TEMPORAL CHANGES OF  
COASTAL CITIES – EXAMPLES FROM THE 

AEGEAN SEA AND BLACK SEA 

The fate of coastal cities – foundation, rise, development, prosperity, fall, decay – is very much linked to their 
function as harbour cities. This, in turn, depends on the land/sea interactions (shifts in the shoreline, sediment 
budget, etc.). Thus, the spatio-temporal changes of coastal cities can best be deciphered in a geoarchaeological 
approach, which merges the findings of the geosciences (geography, geology, geophysics, etc.) on the one hand, 
with those of the humanities (archaeology, history) on the other. After the objectives and tools of 
geoarchaeology are presented the lecture turns to the case studies.  

The ancient cities of Troy, Ephesus and Miletus are situated at the Aegean coast of Turkey. Nowadays the 
originally flourishing harbour cities are landlocked, their harbours silted up. What was the reason for their rise 
and fall? Why and when did they lose connection to the sea? How was their individual development in space and 
time? Over the course of the millennia, which impact did man‘s footprint have on the environment? The lecture 
gives answers to these questions from a geoarchaeological perspective.  

Troy’s fate was connected with the progradation of the Scamander (modern Karamenderes) and the Simois 
(Dümrek) deltas. After her destruction at the end of the Late Bronze Age around 1190 BC, the city had a hard time 
to recover. As for Ephesus the evolution can be presented in time slices. Many parts of the city were erected on 
formerly marine ground. The advance of the Kaystros (Küçük Menderes) delta forced the inhabitants to build a 
harbour canal, the history of which has only recently been revealed, associated to the detection of the Byzantine 
harbour. Furthermore, the fate of the Artemision, one of the Seven Wonders of the Ancient World, shall be 
presented. As for Miletus, this archipelago of the 4th millennium BC had been transformed into a peninsula when 
the Minoan settlers arrived around 1900 BC. In the first half of the 1st century AD, Strabo mentions four harbours. 
Based on (geo-)archaeological and historical evidence three of them could be identified as yet. In the end it was the 
Maiandros (Büyük Menderes) river that led to their siltation. In her most flourishing time, during the Archaic 
period, the ancient polis of Miletus founded more than 80 colonies, several of which in the Black Sea region. Here, 
our research dealt with the ancient Greek settlements on the peninsulas of Taman and Kerch.  

In this context, the Holocene sea level fluctuations are an important topic. It will be shown that the so far 
published curves for the Black Sea are based on wrong assumptions, and alternative curves will be presented. In 
fact, there are only local curves available that are very much dependent on tectonic setting, sediment supply and 
other local phenomena. Additionally, the effect of natural hazards (earthquakes, tsunamis) will be discussed.  

 
 
 
 

  

 

Troy – View over the famous Schliemann trench on 
the cultivated floodplains of the rivers Dümrek 
(Simois) and Karamenderes (Scamander). In the 
lowermost part of the trench, structures of houses 
were unearthed that date back to the first period of 
settlement (Troia I, c. 2920 BC). In the background 
the Chanakkale Strait (Dardanelles) is visible. 
Photo: H. Brückner, September 4, 2012. 
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DIRK CALLEBAUT | dirk.callebaut@enamecenter.org 
Provincial Heritage Centre 
Francia Media 
Oudenaarde (Ename), Belgium 

 

GOVERNMENT POLICIES AND  
THE EUROPEAN VALORISATION OF 

ARCHAEOLOGICAL SITES 
 

By what established standards do we recognize an archaeological site as being of valuable European heritage 
and what part does the government play in the development of such sites?  The case of Ename is an ideal starting 
point to try and answer these questions. The site is situated along the Scheldt, the western border of the East 
Frankish Empire, and flourished remarkably as an Ottonian margravial centre in the 10th –11th century. From 
1050 onwards the international significance of Ename fell away and the site was converted into an abbey. To 
take advantage of the well-preserved archaeological, architectural and environmental patrimony an intensive 
heritage project was developed with the result that Ename was awarded the European Heritage Label in 2007. 
The increasing government support was fundamental in this successful process and it resulted in an 
intergovernmental collaboration between the Flemish authorities, the province of East Flanders and the town of 
Oudenaarde.  

The first excavations were initiated by the National Service for Excavations (1982-1989) within the 
framework of a thematic investigation concerning early medieval occupation and defence in the Scheldt valley.  

In the new federal Belgium the Flemish Institute for the Archaeological Patrimony continued and intensified 
the research in Ename, which grew into a pilot project with new heritage options: the investigation of the 
archaeological, architectural and environmental heritage became an integrated whole and its results were linked 
to an innovative public outreach. The government of the province of East Flanders developed the site into an 
archaeological park: the excavated abbey foundations were restored, new presentation techniques were 
developed and a provincial archaeological museum was built based on a trendsetting concept.    

In 2004, the Institute for the Archaeological Patrimony was transformed into the Flemish Heritage Institute. 
The new thing was that the integrated investigation of the archaeological, architectural and environmental 
heritage, in tandem with the public outreach campaign, were now institutionally secured. The pilot project in 
Ename could be continued within the framework of this programme. Moreover, the Flemish government and the 
provincial government of East Flanders stimulated the international turn that the project had taken.   

The results soon made themselves known. The aforementioned European Heritage Label was awarded to 
Ename in 2007. The basic arguments were the linking of the integral investigation to the far-reaching public 
outreach, the strong regional, provincial and local focus and the attention to European networking with other 
sites. The Charter for the Interpretation and Presentation of Cultural Sites was ratified in Quebec (Canada) in 
2008.  As it has its roots in the Ename heritage operations, it is commonly called the ICOMOS Ename Charter. 
In 2010, the Francia Media project Cradles of European Culture was selected within the framework of the EU 
Culture 2007-2013 programme. This project intends to focus, among other things, on the Carolingian Middle 
Realm via heritage sites, such as Ename. The provincial government of East Flanders built a new Heritage 
Centre in the archaeological park. It opened in 2012 and, among other things, now coordinates the international 
initiatives and operations concerning Ename.  

The case of Ename clearly shows how important the heritage policies of national, regional, provincial and 
local authorities are to develop an archaeological site into a landmark of European value. It invites us to further 
investigate government policies concerning the valorisation of archaeological heritage in a European context. 
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STEFANO CAMPANA | campana@lapetlab.it 
University of Siena 
Department of Archaeology and  
History of Arts 
Siena, Italy 

EXPLORING THE ARCHAEOLOGICAL CONTINUUM. 
NEW PERSPECTIVES AND ACTUAL LIMITATIONS OF 

VERY LARGE SCALE GEOPHYSICAL PROSPECTIONS IN 
MEDITERRANEAN LANDSCAPE ARCHAEOLOGY 

For a long time landscape archaeology in the Mediterranean area has been dominated by strategies and 
research approaches based mainly on the collection and analysis of documentary and literary sources and on 
field-walking survey. The use of remote sensing in landscape studies has consisted almost entirely of the 
mapping and analysis of information from existing vertical photographs, the systematic application of 
exploratory aerial survey and oblique photography for the most part being limited to restricted areas that are 
particularly favourable for this kind of aerial survey (such as the Tavoliere in Puglia and parts of Lazio in central 
Italy). Most archaeological mapping projects around the Mediterranean have not yet progressed beyond this 
stage. From the quantitative point of view the results can be of considerable significance, but at the same time 
their potential impact is affected by several important limitations: serendipity, selectivity, gaps in the evidence 
and the inability (unlike lidar) to record archaeological remains preserved beneath tree cover. 

This presentation will focus on discontinuities in the archaeological record and, therefore, on the attempt to 
map the archaeological continuum, by analysing the new perspectives offered by large-scale geophysical 
prospection and its archaeological applications: gradiometer, ERT and GPR instruments based on cart or trolley 
devices that can be pulled by a quad bike. The final part of the presentation will outline the new opportunities 
that this approach can offer – when properly applied and integrated with other sources of information – both to 
the enhancement of our archaeological and historical knowledge and to urban and landscape planning through 
the introduction of these kinds of techniques into the process of archaeological impact assessment. 
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GIUSEPPE CERAUDO | giuseppe.ceraudo@unisalento.it 
University of Salento 
Department of Cultural Heritage  
Lecce, Italy 

 

AERIAL ARCHAEOLOGY AND  
ANCIENT LANDSCAPES.  

COMBINING TRADITIONAL METHODS AND 
ADVANCED TECHNOLOGIES 

The numerous archaeological investigations conducted in the last few years with the aid of aerial photography 
provide us with much material to reflect upon the importance of this tool, now fundamental in ancient landscape 
studies, and with an opportunity to restate some of the practice's basic concepts. 

With its many applications, aerial photography represents one of the greatest sources of useful material for 
studies in this field. A correct assessment of the question of method forces us to consider aerial photography as a 
source of data from which to draw a seemingly infinite amount of information in the course of a regional 
topographical investigation. 

It must be reaffirmed, however, that such line of research is valid only if founded upon solid cultural bases, 
connected to a well rooted tradition of studies and with professionalism and competence tied up with the activity 
on the territory. We are now witnessing the emergence of some inadequate practices, such as certain excessively 
technical abstractions (unfortunately in line with the present mentality), which seem more interested in the 
projects themselves than in the work context, or certain confusions, due to the lack of basic training, by which 
research instruments are sometimes confounded with disciplines (we allude here, to remain in our sphere, to 
survey, aerial recognition and relative oblique photographs). 

 

       
Ostia, aerial photos (vertical and oblique) 

 
Among these “tools”, the use of aerial photography has known a notable increase in different directions: on 

the one hand, the sectors that are open to experimenting with archaeological photo interpretation have increased, 
and on the other, there is a pronounced interest in cartographic representations of the territory, both as 
cartography of base, which provides essential support for territory knowledge and protection, and as 
photogrammetry, adapted to archaeological use. 

The last years have seen a significant development in the use of aerial reconnaissance and aerial photography 
in studies of ancient topography, with archaeologists acquiring their own oblique images, which, together with 
new remote sensing systems and technologies, represent the greatest advance in this field. Reference can be 
made here to infrared (false colour and thermal) photographic images, multispectral and hyperspectral scanning 
sensors, radar and LiDAR systems, and the continuous evolution of the use of satellite images. 
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ANTHONY CORNS | anthony@discoveryprogramme.ie 
The Discovery Programme 
Dublin, Ireland 

3D DIGITAL DOCUMENTATION OF  
CULTURAL HERITAGE:  

WHAT’S THE POINT(S)? 

Over the past decade, the development of a range of technologies and methods has enabled cultural 
heritage and archaeology experts to digitally document the historic and prehistoric “objects”. These objects 
can range in scale from the expanse of an archaeological landscape to the intricacies of Neolithic rock art. 
The ability to employ these technologies within cultural heritage has several advantages over “traditional 
methods”. Objects are now recorded to an unprecedented level of accuracy and resolution with reliability. 
These methods can also reduce much of the subjectivity which was evident in the archaeological record by 
using equivalent analogue techniques. 

The employment of these techniques has brought about several advances within archaeology & cultural 
heritage research including:  
• the identification of new archaeolo-
gical phenomena which previously 
have remained undiscovered; 
• the ability to record, monitor and 
evaluate the preservation of archaeo-
logical features; 
• the ability to document that 
heritage which will be lost due to 
construction/development; 
• the ability to visually present and 
share information of archaeological 
features in a rich and stimulating way. 

This presentation explores the 
range of documentation tools which 
have been employed by the Discovery 
Programme over this period including: 
aerial lidar, digital photogrammetry, 
terrestrial laser scanning and close 
range scanning, and across a range of 
prehistoric and historic sites. It will 
demonstrate how the products from 
these surveys have been employed to 
improve our understanding of the 
past and ensure its conservation and 
management for the future. It will 
finally discuss what developments 
and requirements are needed to 
unlock the full potential of these 3D 

datasets within the wider heritage community, but also within the society in general. 
 

  

 
Terrestrial laser scan (TLS) point cloud of St. Saviours Church, Glendalough 
County Wicklow. 
 

 
3D surface model of Poulnabrone portal tomb, the Burren, County Claire.  
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SIMON CRUTCHLEY | simon.crutchley@english-heritage.org.uk 
English Heritage 
Heritage Protection Department, 
Remote Sensing Team  
London, United Kingdom 

DRAWING ON THE FUTURE TO  
PRESERVE THE PAST 

English Heritage is the national body that advises the government on the maintenance and protection of the 
historic environment. A key part of this role is the recording of new sites and the monitoring of known ones. 
English Heritage (and its predecessor, the Royal Commission on the Historical Monuments of England) has been 
carrying out a national programme of mapping based on aerial photographs since the late 1980s. The value of 
mapping from archaeological aerial photographs as an important element in their interpretation has long been 
recognised, beginning with Crawford’s work in the 1920s, but its full benefits when applied to larger landscapes 
has taken time to be fully appreciated. The aim of EH’s National Mapping Programme (NMP) is to enhance the 
understanding of past human settlement by providing primary information and synthesis of all archaeological 
sites and landscapes visible on aerial photographs or other airborne remote sensed data. The approach to aerial 
investigation and mapping has been developed and modified over the years based on both advances in 
technology and changes in the reasons and priorities for the surveys. 

The original aim of NMP was articulated in the early 1990s, following the pilot projects aimed at mapping 
and classifying extensive areas of archaeological cropmarks. It was clear that the only effective way to manage 
extensive areas of buried archaeological remains visible as cropmarks was by obtaining a fuller understanding of 
them through mapping and interpretation. This methodology was subsequently taken into upland areas where it 
was recognised that this approach could be equally effective in identifying and characterising large areas of 
complex earthworks and industrial remains. England is fortunate to have extensive archives of aerial 
photographs, both vertical and oblique, dating back over many decades and taken at various times of year, 
revealing archaeological remains in various forms. Mapping was initially carried out manually with the 
production of inked overlays to Ordnance Survey maps, effectively copying the practices developed by Crawford 
with his work on Salisbury Plain, but as technology improved, mapping became digital and greater accuracies 
became possible. The availability of new source material in the form of lidar data has allowed the recording of 
sites and landscapes that would previously have been much harder to record, but has also led to new technical 
challenges. Much work has centred on different visualisation techniques for lidar data and how to fit these into 
existing workflows. Furthermore, the sheer mass of data has led to issues around recording and the additional 
time resources required. The challenge for the future is how to identify the key methods to use in different 
landscapes and thereby maximize the returns in terms of our increased understanding of our archaeological 
heritage and how we can directly influence its future management and protection. 
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3D DIGITAL DOCUMENTATION OF  
CULTURAL HERITAGE:  

WHAT’S THE POINT(S)? 

Over the past decade, the development of a range of technologies and methods has enabled cultural 
heritage and archaeology experts to digitally document the historic and prehistoric “objects”. These objects 
can range in scale from the expanse of an archaeological landscape to the intricacies of Neolithic rock art. 
The ability to employ these technologies within cultural heritage has several advantages over “traditional 
methods”. Objects are now recorded to an unprecedented level of accuracy and resolution with reliability. 
These methods can also reduce much of the subjectivity which was evident in the archaeological record by 
using equivalent analogue techniques. 

The employment of these techniques has brought about several advances within archaeology & cultural 
heritage research including:  
• the identification of new archaeolo-
gical phenomena which previously 
have remained undiscovered; 
• the ability to record, monitor and 
evaluate the preservation of archaeo-
logical features; 
• the ability to document that 
heritage which will be lost due to 
construction/development; 
• the ability to visually present and 
share information of archaeological 
features in a rich and stimulating way. 

This presentation explores the 
range of documentation tools which 
have been employed by the Discovery 
Programme over this period including: 
aerial lidar, digital photogrammetry, 
terrestrial laser scanning and close 
range scanning, and across a range of 
prehistoric and historic sites. It will 
demonstrate how the products from 
these surveys have been employed to 
improve our understanding of the 
past and ensure its conservation and 
management for the future. It will 
finally discuss what developments 
and requirements are needed to 
unlock the full potential of these 3D 

datasets within the wider heritage community, but also within the society in general. 
 

  

 
Terrestrial laser scan (TLS) point cloud of St. Saviours Church, Glendalough 
County Wicklow. 
 

 
3D surface model of Poulnabrone portal tomb, the Burren, County Claire.  
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THE GEOARCHAEOLOGICAL APPROACH:  
CASE STUDIES FROM THE MIDDLE EAST 

Geoarchaeology has often been presented in a simplified way as using “earth-science techniques, concepts 
and knowledge base” “to solve archaeological problems”, i.e. as using geological methods to interpret archaeolo-
gical records and the human past (Rapp & Hill, 1998). Our preference goes to the following broader definition, 
adopted by the IAG Working Group on Geoarchaeology on my initiative: “the use of geoscience and geographic 
methods to reconstruct palaeo-environments, landscape and biophysical dynamics in relation with human 
occupation, from a diachronic, multi-scale, archaeological perspective.”  

It is only in the last third of the twentieth century that the concepts and institutions of geoarchaeology were 
actually defined. Karl Butzer (1971) was the first to use the word, which was originally spelt with a hyphen, 
“geo-archaeology”, in his work entitled Environment and Archaeology: An Ecological Approach to Prehistory. 
The first work specifically entitled “Geoarchaeology” was Davidson and Shackley’s in 1976, while the 
Geoarchaeology journal published by Willey was launched in 1986. 

Geoarchaeology, however, should not be defined as a new discipline in itself, but as an interdisciplinary 
approach that combines and integrates the methods and techniques of natural sciences, geography and 
geosciences, in order to address specific archaeological issues in close connection with archaeologists. 
Geoarchaeological studies concern the whole of the Quaternary (the last 2.6 million years) and, increasingly, the 
Holocene (the last 10,000 years). This presentation proposes to illustrate the scope of the environmental 
dynamics along those scales of time, of their possible interactions with human societies, and then gives examples 
of geoarchaeological studies carried out in Afghanistan, Iran and Oman.  
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WORKING AT THE VISUALISATION AND 
INTERPRETATION BOUNDARY 

There are few remotely sensed datasets that are not suitable for digital visualisation to some degree. However, 
there has long been a suspicion that once visualised some datasets acquire validity beyond their original limits. 
This presentation will explore the issues surrounding the steps from collecting to visualisation as well as the 
interpretational benefits of blending and fusing often incongruent datasets. Inherent in this analysis will be the 
concept of scale and the linked issue of interpretational degradation. The choices that we make regarding scale 
invariably dictate the archaeological outcomes of our research. 

Case studies from both classical sites and prehistoric landscapes will be used to illustrate enhanced 
interpretation of ground based studies, and to illuminate the potentially large gaps that remain in understanding 
such approaches. Evidence will be derived from studies of ground-truthed legacy data to analyse how good 
archaeological geophysicists are at interpreting their data. From this seemingly inherently deterministic scheme 
arise important additional levels of visualisation and interpretation. These can often lead to 'soft' interpretations 
that convey the thrust of our understanding both of the original data and the context within which the explanation 
is made. This is exemplified by the analysis of route ways through cityscapes or landscapes and this type of 
abstracted construct will be discussed. 

Within the presentation there will be a consideration of 'new' geophysical techniques, particularly those that 
may contribute to our understanding of three-dimensional variation. While ground-penetrating radar has been 
used to great effect during recent years, lower frequency electromagnetic devices are now producing greater 
numbers of potentially important studies of the near surface. The same is true of electrical resistivity 
tomography. Undoubtedly part of the technical challenge lies within the visualisation of the data; but it is noted 
that how the data relate to past actions as well as structures or individual features is a challenge of a different 
nature. Despite this reservation it is clear that more than ever the exploitation of such data for understanding 
elements of the past is linked increasingly to its visualisation. This must be true to some extent as the three-
dimensional responses that are mapped to characterise elements of the buried environment are often complex and 
data dense. Despite considerable advances in visualisation we are still left with the feeling that there is an 
additional (large) step to an archaeological interpretation. However, the scale of collecting and the nature of the 
data provide new challenges with respect to their valid use in archaeological projects.  

While we have new types of data and enhanced visualisation techniques we still have the same old boundary 
with interpretation. It is the consideration of this boundary that will increase the relevancy of ground based 
remote sensing.  
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METHODOLOGICAL PROPOSALS  
FOR INTEGRATED SURVEYS ON SITE AND 

LANDSCAPE LEVEL 

The Austrian Archaeological 
Institute carries out survey projects 
on major sites and landscapes in 
the Mediterranean area and the 
northern provinces of the Roman 
Empire. The projects vary in their 
methodological approach, but both 
the historical research question and 
the efficient implementation in 
small teams are central elements in 
every one of them.  

Of special importance is the 
personal and administrative inte-
gration of all project aspects, which 
means that geophysical surveys, 
the analysis of aerial photographs 
and LiDAR-data, geodetic surveys, 
excavations, GIS-data processing, 
field surveys involving the col-
lection of artefacts, the study of 
material finds, and last but not 
least the contextual historical 
interpretation of the entire dataset 
resulting in a final publication, are 
all carried out by a group of pre-
historic and classical archaeolo-
gists at the Institute. This ensures 
optimal flexibility in the field and 
efficient communication during 
the processing stage. By using 
similar methods throughout all 
projects, the Institute can work at 
numerous places and still attain 
correlatable scientific results. 

The presentation will give 
examples of “on site” survey pro-

jects in Ephesus (Turkey), Aquileia (Italy) and Carnuntum (Austria), as well as landscape projects in the 
hinterland of the Roman Danube Limes (Austria) and the Austro-Hungarian part of the Amber Road. 
  

Landscape Survey in the hinterland of the Roman Danube Limes (Austria). 
A: Location of Study area in Lower Austria. 
B: Study area: Boxes indicate surveyed sectors 1-4. 
C: Sector 2: white = surveyed areas. Size of the black dots reflects the number of 
Roman period pottery per survey line. Black box: Roman period site 57. 
D: Roman period site 57: surface artefact scatter. Fluxgate magnetometry data. 
Black box: anomaly interpreted as stone building. 
E: Square array resistivity data of assumed stone building. 
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THE OLD-FASHIONED WAY.  
AIR PHOTO INTERPRETATION BETWEEN 

EXPERIENCE AND TECHNOLOGY 

The presentation focuses on the role of a traditional form of work in contemporary archaeological research. 
The air photo interpretation was in the early days related primarily to a photography representing sites or areas 
with high archaeological potential. Aerial reconnaissance and the traditional oblique photographs, as its 
immediate result, have undergone many changes in the hundred years of use in archaeology. Through the 
transcription of a photograph into clear archaeological data, it offered the possibility to discuss archaeological 
record against other sets of spatial data, or became a baseline to plan any detailed work on the ground. Though 
the photos first emerged as a unique form of illustration, by being interpreted later they transformed into the 
strongest advocate of archaeological studies moving from sites to landscapes, and finally got challenged by 
hi‐tech spectral or measured data sets gathered via satellite imagery and laser scanning. Yet during this period air 
photo interpretation remained the one constant in the widely spread and highly diversified field of remote 
sensing.  
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CURRENT PRODUCTIONS IN  
VIRTUAL ARCHAEOLOGY: CARNUNTUM,  

GERMAN LIMES AND RADIO-PAST 

Carnuntum 2009-2011 – Approach to a total reconstruction 
Franz Humer/Govt. of the State of Lower Austria , Dept. of Cultural Affairs – Archaeological Park Carnuntum, 
Christian Gugl/ Austrian Academy of Sciences, Michael Klein/ 7reasons 

The fast growing amount of computer generated reconstructions is demanding a “low level” standardization 
to ensure qualitative and reusable content. In this case study of the virtual reconstruction of Carnuntum, we will 
highlight the integration of the so called “Principles of Seville” and show the methods which were applied to put 
these into practice. The project of Carnuntum shows different variations for the application of these principles 
since most aspects of archaeological sites are there, ranging from 1:1 reconstructed architecture to various 
exhibition areas with different media demands, film, and documentary media, to one of Europe`s largest 
archaeological scale-models. 

Virtual Limes of Raetia and Germania Superior 
Martin Schaich/ Arctron GmbH – Germany, Michael Klein/ 7Reasons – Austria, Thomas Richter-Emde/ 
Kulturservice – Germany 

In 2010 we were invited to produce an interactive application for the visualization of a 70 km long section of 
the German Limes in Baden Würtemberg. The specification required the reconstruction of five auxiliary bases 
including their surrounding vicus, three small forts and numerous watchtowers along the former Roman border 
for a 3D-stereoscopic real-time application. Apart from visualizing the content inside a real-time environment, 
we were asked to produce a short movie clip, introducing the viewer to the third century AD site. Additionally, 
the user should have the opportunity to fly over the 70 km terrain while switching the appearance of its surface 
from present to past state, localizing well known landmarks and archaeological sites. The great challenge of this 
project was to find a solution for reducing the data size to a suitable dimension and still conserving most of its 
visual quality. 

Radiography of the Past: a total project for digital prospection and modelling of complex sites 
Frank Vermeulen/Universiteit Gent, Cristina Corsi/ Universidade de Évora, Michael Klein/7Reasons 

The ruins of the Roman town of Ammaia, located in the heart of the Natural Park of the Serra de São Mamede 
(Portugal), have recently been subject to a detailed, non-destructive archaeological investigation by the Radio-Past 
Project. In this case, the visualization of the geophysical results is approached by referencing the existing data with 
better preserved sites of the region, comparing similar structures and dimensions while aiming to preserve 
architectural local features and details of decoration. Digital Elevation Models, geophysical results, 3D Laser and 
Lidar-scans are taken into account to rebuild the ancient terrain where the results of the architectural 3D 
reconstruction will reside. Special programmes are used to achieve realistic results and breathe life into the scenes. 

A motion capture system is used to drive the animation of computer generated people and to ensure their 
correct movements while keeping the production costs feasible. Sophisticated render algorithms will allow to 
create thousands of terrain features such as plants, stones and boulders, and to populate the scenes with animated 
characters. The output will result in a short movie clip (approx. 15 min) which can also be a used for ongoing 
productions for television (documentaries) and print publications, with the option to re/use the produced data for 
other media like installations for augmented reality, 3D real-time applications (educational games) and VR 
environments (Dome or Cave Projections). 
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FAST, PRECISE AND FLEXIBLE: TRENDS IN 
LARGE-SCALE GEOPHYSICAL PROSPECTION 

FOR GEOARCHAEOLOGY 

In the field of geophysical prospection methods applied to archaeology, the last decade was characterised by 
the transition from single-sensor equipments to vehicular multi-sensor arrays. The growing interest in the 
archaeology of landscapes caused a rising demand for large-scale geophysical investigations. Thus, the standard 
scale of geophysical prospection areas shifted from a few hectares to areas of dozens of hectares and even square 
kilometres. These changes affected not only the development of the magnetic method, but also of GPR and 
electric methods.  

The increasing size of data sets and investigation areas then called for new interpretation tools and 
techniques. In consequence, as seen in many other intra-disciplinary subjects referring to spatial information, the 
use of GIS became prevalent in archaeological research. Both, the development of multi-sensor arrays and the 
application of GIS brought about new perspectives in archaeological research and cultural resources 
management. 

In archaeological prospection, the most prevalent method is magnetic mapping. For multi-sensor arrays, fluxgate 
gradiometers are frequently assembled to arrays of 4 to 16 sensors. Currently, several customised magnetometer 
arrays with at least 10 sensors, specifically developed for large-scale archaeological prospection, are in use.  

A similar phenomenon has been observed in the development of multi-antenna GPR devices. Since the effort 
for the control of this complex HT technology is considerably higher compared to the magnetic method, the 
distribution and application of these devices has only just begun in the archaeological community. However, the 
first applications of multi-antenna arrays effectively opened new territories in archaeological prospection, and 
promising results have already been presented. 

Multi-electrode systems, either fixed or towed by vehicles, have been in use at archaeological sites for more 
than twenty years. In contemporary archaeological prospection not only the Ohmic resistance is registered in 
order to calculate the specific resistivity of the ground, but in addition the imaginary part of the complex 
resistance is measured to distinguish between materials of similar electric resistance, e.g. at the localization of 
wooden structures in wetlands or in the investigation of slag deposits in archaeometallurgy . 

These recent developments in archaeological prospection will be illustrated by several examples of field 
studies. The advantages of multi-probe magnetic gradiometer arrays and their application under different terrain 
conditions are proved by a series of case studies, primarily by the magnetic study of the suburban landscape of 
the Roman town of Ammaia  (Portugal), carried out within the framework of the FP7 IAPP project “Radiography 
of the Past”. Further studies will be presented from Germany, e.g. a magnetic study of the prehistoric and 
medieval landscape along the river Schwinge, near Stade (Lower Saxony). 

The new tools in GPR prospection, the multi-antenna arrays, are going to be presented in a comparative study 
of an insula of the Roman town of Colonia Ulpia Traiana (Xanten, Germany). During the last six years, a large 
part of the ancient city has been investigated using three different GPR systems.   

Finally, the archaeological interpretation of geophysical data is an elemental part of meaningful 
archaeological prospection projects. The implementation of GIS in archaeological prospection was a crucial step 
towards a better integration of geophysical and other spatial data in archaeological research. The use of open-
source GIS facilitates a fully georeferenced and comprehensive documentation of both geophysical data and 
their archaeological interpretation. An example will be the complex data set from the extramural magnetic 
survey of Ammaia and the corresponding archaeological interpretation.  
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A ROMAN MINING LANDSCAPE TODAY. 
SUCCESSES AND CHALLENGES IN THE 

ARCHAEOLOGICAL ZONE OF LAS MÉDULAS 
(LEÓN, SPAIN) 

Las Médulas, located in the Bierzo basin, in Northwestern Spain, is the largest opencast gold mine known 
within the limits of the Roman Empire. The archaeological area includes the mining structures, a complex 
hydraulic network, wastes and washing tails, as well as sites dated both from pre-Roman and Roman times. It 
constitutes a rich cultural landscape where Roman activity has strongly marked the morphology and the use of land. 

Systematic scientific research started in the late 1980s and the research team, belonging to the Spanish 
National Council for Scientific Research, has been involved in both research programmes and management plans 
up to the present day. 

In this presentation we seek to offer a panoramic view of the heritage values of the area, the existing 
protection frames (international, national and regional), the actors involved, as well as the heritage (cultural 
and environmental) and urban management plans elaborated (and partially applied). A concise analysis of the 
socio-economic trends at the local level, combined with the visitors’ point of view, will provide a picture of 
the positive effects of the accomplished work, as well as a diagnosis of the problems, risks, challenges, and 
other potential issues.  

 

  

  
Las Médulas Archaeological Area: (a) view of the Roman gold mine, (b) one of the archaeological sites, (c) part of the 
hydraulic network and (d) in situ information (© EST-AP, CSIC). 
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PALEOENVIRONMENTAL RECONSTRUCTION: 
RESTRICTED INDICATORS AND  

PROCESSES – NEW APPROACHES OF “READING”  
THE SEDIMENTARY PHASIES 

Palaeoenvironmnetntal reconstruction refers to multidisciplinary studies which are undertaken to 
reconstruct the climate and vegetation of a specific time and place in the past. Past climatic changes and their 
corresponding environmental impacts should be subtly recorded in the landscape and its sedimentary, 
pedological and geomorphological archives. Sediments are as an excellent archive for the study of long-term 
fluctuations of environmental conditions. In contrast to pollen and tree ring series, this archive has the 
potential to preserve long-term climate signals. In addition to that, the sediments may directly preserve 
environmental indicators such as tephra, microfossils, pollen etc., along with archaeological material. It is 
worth mentioning that sampling methods such as drilling are non-destructive, thus ensuring the preservation of 
the sedimentological archive.   

New clues for palaeoenvironmental reconstruction are given by sedimentary facies analysis. Sedimentary 
facies are bodies of sediment, recognizably different from adjacent sediment deposited in a different 
depositional environment. Facies based on petrological characters such as grain size and mineralogy are called 
lithofacies, whereas facies based on fossil content are called biofacies. Sediment facies is a branch of 
sedimentology that describes the deposition environment of the sedimentary rock. By knowing the 
environment in which the rocks were deposited one can gain knowledge of what the geography was in that 
area at the time of deposition. 

The reconstruction of present and past environmental dynamics is a key issue in the ongoing discussion of 
global change. With regard to their settings, landscapes have changed significantly from those inhabited by 
ancient populations. Such changes can be dramatic, especially in coastal, riverine, and aeolian environments. 
A variety of paleoecological indicators (e.g. pollen, ostracodes, diatoms, and mollusks) are used in 
combination with chronometric (such as C14, OSL/TL Dating, cosmogenic nuclides etc) and stratigraphic 
studies to reconstruct ancient landscapes. Plant remains (i.e., pollen, phytoliths, seeds, leaves, wood, or 
charcoal) can provide excellent clues about past vegetation because they reflect the presence and abundance of 
individual species of plants. Animals also respond to environmental conditions and tend to reach optimal 
population levels in regions that best fulfil their needs.  

Natural climatic events often determine the growth or demise of glaciers, rivers, floods, winds, fires, 
freeze–thaw cycles, as well as temperature variations and the formation of travertine. Each of these events can 
potentially affect the geological deposits in which archaeological sites are formed; when present, the evidence 
of these events offers clues about past climatic conditions. Some of the common methods used for 
paleoenvironmental reonstruction are stratigraphic sequencing, paleomagnetism, radiometric dating, oxygen 
isotopes, etc. Therefore, the thorough documentation of landforms and the understanding of their genetic 
processes precede more detailed field based investigations.  
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A ROMAN MINING LANDSCAPE TODAY. 
SUCCESSES AND CHALLENGES IN THE 

ARCHAEOLOGICAL ZONE OF LAS MÉDULAS 
(LEÓN, SPAIN) 

Las Médulas, located in the Bierzo basin, in Northwestern Spain, is the largest opencast gold mine known 
within the limits of the Roman Empire. The archaeological area includes the mining structures, a complex 
hydraulic network, wastes and washing tails, as well as sites dated both from pre-Roman and Roman times. It 
constitutes a rich cultural landscape where Roman activity has strongly marked the morphology and the use of land. 

Systematic scientific research started in the late 1980s and the research team, belonging to the Spanish 
National Council for Scientific Research, has been involved in both research programmes and management plans 
up to the present day. 

In this presentation we seek to offer a panoramic view of the heritage values of the area, the existing 
protection frames (international, national and regional), the actors involved, as well as the heritage (cultural 
and environmental) and urban management plans elaborated (and partially applied). A concise analysis of the 
socio-economic trends at the local level, combined with the visitors’ point of view, will provide a picture of 
the positive effects of the accomplished work, as well as a diagnosis of the problems, risks, challenges, and 
other potential issues.  

 

  

  
Las Médulas Archaeological Area: (a) view of the Roman gold mine, (b) one of the archaeological sites, (c) part of the 
hydraulic network and (d) in situ information (© EST-AP, CSIC). 
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METHODOLOGICAL PROPOSALS FOR  
LANDSCAPE EVOLUTION STUDY AROUND  

ARCHAEOLOGICAL SITES IN SEMIARID REGIONS.  
THE CAESARAGUSTA-SARAQŪSTA-ZARAGOZA  

(SPAIN) EXAMPLE 

Zaragoza is located in the centre of the Ebro Basin, at a height of 208 masl. The present city rests on a large 
archaeological site where several occupation phases are superimposed. Among them the Roman 
(Caesaraugusta) and Medieval (Saraqūsta) towns are the best known. A number of archaeological excavations 
carried out since the beginning of the last century have produced a great amount of data on the ancient urbanism, 
the sewer system, public buildings and material culture of the different occupation phases. However, there are 
other aspects of urban life that are much more difficult to obtain directly from the site and that must be 
reconstructed through other means. This is the case of the geographical and environmental context of the city 
and its surroundings at different occupation phases. Nowadays Zaragoza seems to be a fluvial oasis in the middle 
of a semiarid region, characterized by a severely deforested and degraded gypsum landscape, circumstances that 
give the area an even more arid appearance. But what was the environment around the Roman and Medieval 
towns? What resources and possibilities of economical exploitation did the nearby territory offer? What was the 
original topography on which Caesaraugusta was founded? Which was the fluvial regime of the rivers 
surrounding the area at that moment? Which were the real water supply possibilities? Which were the most 
significant natural hazards that the inhabitants of the urban area had to confront? 

Solely the analysis of the environment surrounding the city can provide an answer to some of these questions. 
For almost 30 years geoarchaeological studies have been done in semiarid areas of the NE of the Iberian 
Peninsula with the aim to reconstruct the paleoenvironments of the Upper Holocene. This methodology has also 
been used in the Zaragoza surroundings, where several stages have been distinguished according to changes in 
the geomorphologic dynamic and soil development. These stages can be related to climatic fluctuations and 
human pressure on the environment. This geoarchaeological information provides the setting of Caesaraugusta, 
which differs from the present environment of Zaragoza. Nowadays the environment is more appropriate for 
urban settlement than in Roman times. On the other hand, the Holocene geoarchaeological records show 
significant environmental changes in the Late Roman period. This was due to intense land exploitation in a 
fragile natural environment under unfavourable climatic conditions (Roman and Medieval Warm Periods). The 
consequences of this environmental degradation persist up to the present day. 

Finally, the significance of the role of the Ebro River in the city’s setting must be considered. On the one 
hand, the river played a positive role as waterway for communications and transport, but on the other it 
represented a risk factor for the urban area. Its influence became highly negative since medieval times, especially 
during the Little Ice Age and the related great floods. During this time, some of the archaeological remains 
around the city disappeared, particularly Roman pathways, settlements and the medieval castles that defended 
Saraqūsta. The study of historical cartography and geomorphological records has enhanced our knowledge on 
the evolution of the city and its surroundings in recent times. 
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RECONSTRUCTING PAST LANDSCAPES 
FOR VIRTUAL MUSEUMS 

One of the fields that mostly require a multi-disciplinary approach is landscape reconstruction. It needs, in 
fact, the contribution of a series of disciplines such as the natural sciences, ecology, history, archaeology, and 
architecture. The information available is rarely enough to provide a complete overview. Nevertheless, in the last 
years the idea of approaching this field by considering the possibility of reconstructing not a past territory but 
how a past territory might have been "potentially" has opened up interesting perspectives. New research tools 
and methods have been adopted so that the investigation can follow an open and explicit approach.  

Other issues are related to the question of what to do with the digital reconstructions obtained, how to 
visualise them, how to properly communicate them. They have specific characteristics: large datasets, reality-
based, geo-spatial dimension, different scales, etc. These characteristics make interactive visualisation 
particularly difficult. 

The presentation will focus on past landscape reconstruction and communication through interactive virtual 
museums. It will include an analysis of the challenges behind the reconstruction of archaeological landscapes 
and of ancient potential landscapes. A specific part will address the use of these reconstructions for interactive 
virtual museums, through the description of one case study: the Aquae Patavinae project.  
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significant environmental changes in the Late Roman period. This was due to intense land exploitation in a 
fragile natural environment under unfavourable climatic conditions (Roman and Medieval Warm Periods). The 
consequences of this environmental degradation persist up to the present day. 
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hand, the river played a positive role as waterway for communications and transport, but on the other it 
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during the Little Ice Age and the related great floods. During this time, some of the archaeological remains 
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the evolution of the city and its surroundings in recent times. 
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VIRTUAL REALITY FOR  
MONUMENTS AND SITES:  

HOW TO MAKE IT WORK  

Using virtual reality for monuments and sites starts to be more and more accepted. But we are still in a very 
early stage, where most of the virtual reality is used for public presentation and is made by external partners that 
have little knowledge about the monuments and sites that are being digitised, virtually reconstructed or digitally 
restored. This results not only in lower scientific accuracy, but also in data that in most cases cannot be re-used 
or updated. The V-MusT Network of Excellence is defining a methodology on how to create top quality virtual 
reconstructions of monuments and sites that are more than pretty pictures only, and that are documented and 
structured to allow further research, re-use, re-purposing and updating. This methodology includes a much better 
integration into the research community by using free and simple 3D software, but nevertheless results in high-
quality images and re-usable data.  This methodology can also be used for complex reconstructions such as full 
cities or 4D visualisations to show the evolution of a site. Sites and monuments which are reconstructed under 
this methodology can also be visualised on multiple media, from tablets to high-end computers. 

 

 
Virtual reconstruction of the Ename Abbey, Belgium, in 1065AD. 
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STRUCTURING NON-INVASIVE SURVEY ON 
COMPLEX (URBAN) SITES 

 

Non-invasive research has a long tradition in archaeology, and has been greatly enhanced by the introduction 
of systematic surface survey, new techniques in structural and surface morphology survey, remote sensing – both 
satellite and airborne, and terrestrial. The value of such research is widely recognized, and the Radio-Past Project 
has been among those research endeavours that demonstrated fully its potential on complex urban sites, focusing 
as it does on the Roman town of Ammaia, and experimenting on a number of related sites, notably in Italy. While 
non-invasive survey is by now a standard ancillary procedure at sites investigated by excavation, with the aim to 
provide information on the totality of the site and to orient the excavation, and while single-method surveys (or 
multi-method surveys within one category of investigation such as geophysics) are being deployed on a regional 
scale to provide comparative data on urban structure and development, integrated multi-method surveys of urban 
sites still require formalization of procedures and clear structuring.  

We have proposed that the concept of base document be applied, created by the technique or combination of 
techniques chosen in initial testing, by which the potential of the techniques at hand is assessed. Thus, the choice 
of the technique(s) to be deployed to construct the base document will result from a reasoned consideration of 
the properties of the archaeological record to be studied, and of the capacity of the techniques at hand, and the 
resulting data layers, to enable, as quickly and efficiently as possible, informed discussion on the array of 
possible problem-oriented strategies to follow. Typically, but not necessarily, the base document will result from 
some sort of remote sensing, including ground-based geophysics, and will produce a map showing the urban 
structure and key architectural features. All further research steps will be conceived as ground-truthing, filling-in 
further data and resolving questions formulated upon analysis of the base document. Ideally, the ceramic survey 
will be tied into the urban grid such as revealed by the base document, and so will any structural survey (say by 
urban blocks) or application of geophysical techniques such as GPR or electric tomography, resulting in 
information on stratigraphic sequence.  

In such a way, integrated non-invasive research on urban sites can be developed into structured research projects 
in their own right, without necessarily recurring to excavations as the ultimate form of ground-truthing. The base 
document is there to remind us that the strongpoint of non-invasive archaeology is a total coverage of the 
sites, and the understanding of the total context of the site will lead us to asking all the right questions. 
Ground-truthing by further non-invasive techniques may not be able to give all answers, but certainly it can 
clarify many problems, and this justifies conceiving such purely non-invasive projects in the first place. The 
history of the Ancient Cities of Boeotia Project, which started as a regional program focused on surface 
ceramics distributions, and then developed further techniques in addressing the urban centres studied, is a 
good case in point. 
  

24     RADIO-PAST COLLOQUIUM  GHENT  15-17 JANUARY 2013 

DANIEL PLETINCKX | daniel.pletinckx@visualdimension.be 
Visual Dimension bvba 
Oudenaarde-Ename, Belgium 

VIRTUAL REALITY FOR  
MONUMENTS AND SITES:  

HOW TO MAKE IT WORK  

Using virtual reality for monuments and sites starts to be more and more accepted. But we are still in a very 
early stage, where most of the virtual reality is used for public presentation and is made by external partners that 
have little knowledge about the monuments and sites that are being digitised, virtually reconstructed or digitally 
restored. This results not only in lower scientific accuracy, but also in data that in most cases cannot be re-used 
or updated. The V-MusT Network of Excellence is defining a methodology on how to create top quality virtual 
reconstructions of monuments and sites that are more than pretty pictures only, and that are documented and 
structured to allow further research, re-use, re-purposing and updating. This methodology includes a much better 
integration into the research community by using free and simple 3D software, but nevertheless results in high-
quality images and re-usable data.  This methodology can also be used for complex reconstructions such as full 
cities or 4D visualisations to show the evolution of a site. Sites and monuments which are reconstructed under 
this methodology can also be visualised on multiple media, from tablets to high-end computers. 

 

 
Virtual reconstruction of the Ename Abbey, Belgium, in 1065AD. 
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MANAGING THE PAST: 
A SITE MANAGEMENT PLAN 

FOR AMMAIA 

Based on the research results of the project, a site management has been developed for the site of Ammaia. 
This presentation will first address the site management plan. The plan serves the following objectives: 

 outline the roles and responsibilities related to the management of the site; 
 create a clear set of guidelines by which to manage the site; 
 ensure the physical protection of this heritage site; 
 create a sustainable environment to vitalize responsible tourism to Ammaia; 
 solidify the position of Ammaia as the site where leading research into non-destructive techniques and 

research methods is performed. 
It is important to realize that the site management plan in itself cannot set the proper management of the site 

in motion. It is a management programme, outlining the objectives for the future and providing instruments to 
realize these. The success of the site management of Ammaia will mainly depend on the way the plan is 
implemented, evaluated and amended when necessary. 

The success of an archaeological site is not only determined by the quality of the remains themselves, but 
mainly by visitors and the local community. Visitors choose which site they will or will not visit, and in making 
this choice many other factors are calculated as well. Is it on the route they planned to travel? Do they need to 
make a significant detour to get there? Why would they want to see an archaeological site instead of a shopping 
centre? Successful projects start at the end: the users.  

Current globalization has had the effect that the unique recognisability of our surroundings has become an 
important factor. People want to experience a sense of belonging and inspiration, whether they are visiting a 
foreign site or at home in their city. Therefore, it is pivotal to show the unique elements of an archaeological site 
and to connect these to the world of the visitor, which is the reason why this presentation will also investigate the 
potential of Ammaia as a heritage commodity. In order to do this, first the context, the established tourist 
destinations in the Alto Alentejo, will be presented. Next, we will try to formulate a unique selling point for 
Ammaia with which the site will have an independent and clear position in the range of available heritage sites in 
the region. Lastly, we will combine the scientific potential with the visitors profile in order to derive that sort of 
information which makes Ammaia unique and which appeals to the visitors. 
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UNDERSTANDING MINOR CENTRES: 
INTEGRATED NON-INVASIVE RESEARCH AT 

FORUM APPII (LAZIO, ITALY)      
 

Within the project Fora, stationes and sanctuaries: the role of minor centres in the economy of Roman 
central Italy, the Groningen Institute of Archaeology (University of Groningen, the Netherlands) is currently 
investigating the spatial and functional characteristics of three complex roadside settlements in the Pontine plain, 
Lazio, central Italy. In this poster, we present the methodology and first results of recent field research that 
focused on the site of Forum Appii. This site, strategically situated on navigable routes and the Via Appia, was 
investigated through field surveys and geophysical prospections. Although further work is necessary, some 
important points regarding both the site and our approach already emerge from these investigations.  

Our surveys show that the site’s surface assemblages are highly complex, representing multiple periods and 
functions that may only partly relate to the subsurface remains as observed in the geophysical prospections. 
Therefore, sophisticated, highly intensive field survey strategies are needed in order to properly understand the 
assemblages. In terms of methodology, this poses considerable challenges to artefact collection and processing 
procedures. 

 

 
Geophysical data from Forum Appii: processed magnetic gradiometer data shown using a +/-30nT clip 
over the 1990's cartography. 
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Understanding Minor Centres:
integrated non-invasive research at Forum Appii (Lazio, Italy)

The Pontine Region Project
The Groningen Institute of Archaeology has been involved in landscape 
archaeological research in central Italy from the mid 1980s. T

 employs intensive survey methods to study the 
settlement history of the Pontine region, located on the Tyrrhenian coast 60 km 
south of Rome. The Minor Centres Project is the most recent phase of the PRP.

he Pontine 
Region Project (PRP)

Forum Appii

Kayt Armstrong, Tymon de Haas & Gijs Tol

The Minor Centres Project
The project Fora, stationes, and sanctuaries: the role of minor centres in the economy of Roman Central Italy 
aims to understand the spatial and functional characteristics of so-called minor centres. Current models of the 
Roman economy focus on regional and interregional exchange and have a strong bias towards urban centres. 
However, ethnographic and historical comparative studies suggest that rural economies in complex pre-
industrial societies were not based on relations between rural sites and towns only: many goods and services 
were produced and exchanged within rural areas, and much of this exchange must have taken place at rural 
central places (fora, stationes, rural sanctuaries).

Methods and approaches
Within this project we investigate three minor centres, all located in the Pontine region (Lazio, Central Italy): 
1) Astura, a coastal settlement and road station on the via Severiana
2) Ad Medias, a road station along the via Appia 
3) Forum Appii, also a road station along the via Appia.

Each of these sites is investigated by geophysical prospections and intensive on-site artefact surveys. 
Furthermore, extensive surveys in their catchment areas (within a radius of 10 km) aim to elucidate the ties 
between these central settlements and their surroundings. Strong emphasis will be placed on the typological 
and archaeometric study of the artefacts collected during the fieldwork, which are used to map distribution 
patterns of both imported and locally produced pottery and changes therein over time.

For the on-site survey we employ an intensive gridded approach, surveying 25 x 25m grids with surveyors 
spaced at 8m intervals. Collecting all encountered materials, this results in a 25% coverage of each unit. From 
units with high densities of materials or specific functional or chronological indicators, diagnostic materials are 
collected at 100% coverage. The small grid size will hopefully allow us to relate surface observations to data 
from the geophysical prospections. The collection strategy aims to allow comparative assemblage analysis 
between survey units as an additional tool to identify intra-site functional and/or chronological patterns.

The Pontine 
region with 
case study 
areas of the 
Minor Centres 
Project

Forum Appii, nowadays partly covered by the village of Borgo Faiti, is 
situated in a strategic position along the Via Appia at the confluence of the 
Cavata river and the Decennovium canal, both of which were navigable in 
antiquity. As a forum the settlement in antiquity had market rights as well as 
administrative and juridical functions. Previous topographic research at 
the site mapped a number of Roman structures, among which a large 
building interpreted as a mansio, remains of two byroads, and an 
embankment wall that could be part of a river harbour.

On-site artefact surveys
So far we surveyed 9.5 hectares on this site. 
The larger part, a field of 4.7 hectares in the 
western extremity of the targeted area, was 
virtually empty and does certainly not form 
part of the ancient settlement. The other 
three investigated fields are, however, 
clearly located in its core. The nature of the 
materials collected from these fields 
provides insight in the chronology of and the 
functional zoning within the settlement. 

Geophysical test surveys
After initial soil magnetic susceptibility 
studies had yielded positive results, 
geophysical test surveys were conducted to 
verify if magnetic gradiometry was a suitable 
technique to investigate the sites in the 
Pontine plain with its heavy peaty and clayey 
soils. These test surveys investigated an 
area of c. 1.6 ha (corresponding to on-site 
survey field 1), using a Bartington DualGrad 
601 Gradiometer.

Preliminary observations....
Although the results presented here should be considered preliminary, the first year of field 
research of the Minor Centres project at Forum Appii has yielded very good results. The 
artefact surveys and geophysical test surveys already show that: 
1) Despite recent disturbances, archaeological remains are detectable by magnetic 
gradiometry. 
2) The settlement measures at least five hectares, and contains in situ remains.
3) There are specific functional zones within the settlement area (craft production, storage, 
habitation, burials).
4) There may have been a shift in settlement location between the Republican and Imperial 
period. 

Contact
Dr. Kayt Armstrong, k.l.armstrong@rug.nl
Dr. Tymon de Haas, t.c.a.de.haas@rug.nl

Dr. Gijs Tol, g.w.tol@rug.nl 

 ....and methodological challenges
The results of the geophysical test surveys and artefact surveys together enable us to 
target areas for larger-scale geophysical work.There are, however, also points of concern 
regarding the methodology of the artefact surveys. The densities of surface materials were 
so high that we were unable to reach the coverage we set out to do. This forces us to 
reconsider the approach before continuing research in the coming years. 

Field 1 yielded mainly building materials (matching the 
geophysical responses) as well as large numbers of 
amphora fragments in the part close to the Cavata, 
suggesting a commercial zone. Most materials date to 
the Imperial period. 
In field 2 much Imperial-period building debris was 
encountered, and the presence of tombs is suggested 
by human bone fragments. Finally, two very large 
millstones suggest a bakery in the area as well. 
In field 3 high densities of mainly Imperial-period 
materials were found along the Via Appia. However, 
these densities rapidly decline towards the north, 
suggesting the edge of the settlement here. In the 
northern part of the field a separate concentration of 
mainly Republican pottery was observed. Waster 
fragments are indicative for tile production in this area. 

The geophysical test surveys provide rather 
noisy data, which may be explained by the 
high density of fired ceramics in the topsoil. 
However, anomalies were identified that 
represent both probable recent interferences 
(anomalies 2, 3, 9, 11 and 12) and structural 
remains that likely date to the Roman period. 
The latter include traces of buildings 
(anomalies 4, 6, 7, 8, 10, 13, 16) and a 
possible battery of four ovens (anomaly 1). 
Most of these Roman remains are situated 
close to the via Appia and give only 
ephemeral responses, perhaps indicating 
that we are looking at the most deeply buried 
foundations of buildings that have otherwise 
been erased by intensive agriculture.

You can follow the project via: http://rug.academia.edu/MinorCentersForaStationesandsanctuaries
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assemblages. In terms of methodology, this poses considerable challenges to artefact collection and processing 
procedures. 

 

 
Geophysical data from Forum Appii: processed magnetic gradiometer data shown using a +/-30nT clip 
over the 1990's cartography. 
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ADVANCED GROUND PENETRATING  
RADAR APPLIED TO  

LANDSCAPE ARCHAEOLOGY AND  
CULTURAL HERITAGE 

If the traditional tools applied to Archaeology (i.e. trowels, shovels, bulldozers, etc.) produce, generally, a 
fast and invasive reconstruction of the ancient past, geophysical instruments seem to go in the opposite direction 
by giving geoarchaeological information in a quick and non-destructive way. Moreover, the economic aspect 
should not be underestimated: where the former invest a lot of money in order to carry out an excavation or 
restoration, the latter spend much less to manage a geophysical survey, locating the targets precisely.  

Survey information gathered by using non-invasive methods contributes to the development of site strategies 
and conservation and preservation planning, apart from which it can also be used to give an accurate location of 
excavation and restoration elements. Therefore, geophysical survey techniques can be employed to examine 
historic buildings and structures, and their surrounding properties, so that archaeologists and other heritage 
professionals are able to assess the integrity of the structures and, where necessary, take action without 
destructive testing methods. 

In particular Ground Penetrating Radar (GPR) has recently become the most important physical technique in 
archaeological investigations, allowing the detection of archaeological targets with a very high resolution, 
vertically and horizontally. It has been successfully applied both to archaeological sites and for diagnostic 
purposes in historical and monumental buildings.  

This kind of approach helps to define physical and chemical changes in the ground that are related to 
archaeological or architectonical buried materials of importance. When the obtained data and maps are used to 
test ideas about human adaptation to landscapes, or to understand developments of construction techniques, or to 
plan a precise restoration, they offer a powerful and time-efficient way to study ancient human behaviour, social 
organization, damages suffered during centuries, and other important cultural concepts or fundamental 
diagnoses. Indeed, maps and images should be generated and integrated with information obtained from other 
buried, or similar, artefacts to provide age, structure and context for the surveyed sites.  

GPR configuration, antenna frequency, survey modality, all these elements can be different, depending on the 
scope of the measurements, the nature of the site or the type of targets. In this poster we are going to present 
several examples of successfully applied radar investigations to  different case studies like:  i) the reconstruction 
of the urban development of an ancient town, partially excavated; ii) the possibility to bring to light a new 
archaeological site; iii) the diagnostic investigations before planning the restoration of ancient buildings. 

These examples show that the possibility to generate an image (from which the geometry, dimension and 
depth of the searched object can be determined) is very useful not only to identify a “highly valuable” 
archaeological site and to restrict the excavation to a more “fruitful” area, but also to detect structural problems 
and diagnostic purposes in historical and monumental buildings, which could not be discovered by any other 
technique. 
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SEARCHING FOR HIDDEN CHAMBERS AT 
NEWGRANGE PASSAGE TOMB:   

SOME RESULTS WITH AN EVALUATION OF 
THE MULTI-METHOD  

GEOPHYSICAL TECHNIQUES USED 
 

 

Newgrange Passage Tomb is 76m in diameter and 12m high. A single 19m inner passage leads to a chamber 
some 6m in diameter and height. The possibility of further chambers existing has been the subject of interest 
since the partial excavation completed in 1975. Multiple passageways and chambers exist at nearby tombs at 
Knowth and Dowth – could there be hidden chambers at Newgrange that could be detected using geophysical 
methods?  

We present the results from a multi-method geophysical survey. The principal method used was microgravity 
which has found hidden cavities in the Great Pyramid at Giza in Egypt. The method has also been used to detect 
the presence of medieval crypts but there has been little research in the use of microgravity in the detection of 
chambers in mounds due to their generally small dimensions. The situation in mounds at Brú na Bóinne is 
different. The major chambers have quite large dimensions, thus enhancing the detection capability of 
microgravity.  A computer simulation to predict the gravity anomaly over the Newgrange chamber was carried 
out. This showed that the calculated effect on gravity of the chamber volume together with its depth within the 
mound would produce a measurable negative gravity anomaly. 

The key objective of the survey was to investigate the potential of the microgravity method in the initial 
detection of the known chamber and subsequently in searching for possible hidden chambers. The processing 
and interpretation of the microgravity survey was informed by ground penetrating radar, electrical resistivity 
tomography, multi-frequency electromagnetic and earth resistance results. 

Initial gravity measurements were made over and in the vicinity of the known chamber. The position of each 
measurement point was precisely determined using a combination of differential GPS and laser tachymetry 
methods.  Data were processed to remove the effects of elevation, tidal variation, topography, latitude, and 
instrument drift. Topography corrections were made using LiDAR data. The output was a gravity anomaly map 
draped on a 3-D model made from the LiDAR data which presents the properties and geometry of sub-surface 
inhomogeneities. The map shows a well developed negative anomaly over the centre of the chamber. 

Further gravity measurements were made on the mound and in the chamber in order to seek further anomalies 
and refine the gravity model of the known chamber. The results confirm the measured gravity anomaly is 
significantly larger than the computed anomaly based on laser tachymetry measurements of the spaceform of the 
chamber. This leads us to believe there is an unknown feature or structure of low density associated with the 
known chamber.  



Introduction 

     6. Microgravity - Field Survey and Results1. Introduction

2. Newgrange Passage Tomb
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Initial field measurements were made over the known chamber along lines per-
pendicular to the passage axis. Lines were 2m apart and automated readings 
lasting 1 minute were taken at 1m intervals. The horizontal and vertical position 
of each of the 149 measurement points was precisely determined using differ-
ential GPS and laser tachymetry. The average error from repeated and indepen-
dently controlled measurement points was ±15 microGals. This is relatively high 
but acceptable in the case of this survey.
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The data were processed to remove the effects of elevation, tidal variation, 
topography, latitude, and instrument drift. The output  was a gravity 
anomaly map, draped on a 3-D model made from the LiDAR data shown 
above, which presents the properties and geometry of sub-surface inhomo-
geneities. This shows a well developed negative anomaly (a gravity low) 
over the centre of the known chamber. The size of the anomaly at its centre 
is several times larger than the precision of the instrument and also the av-
erage error of the instruments. The existence of the passageway cannot be 
detected. Its dimensions are too small and depth too large for the detection 
capability of the microgravity method. 

30m

N

Newgrange DowthKnowth

         The microgravity survey was carried out as an international collaboration     
         project in October 2011. The key objective of this survey was to investigate 
         the potential of the microgravity method in the initial detection of the 
         known chamber and subsequently in locating possible hidden chambers.

Searching for hidden chambers at 
Newgrange Passage Tomb; 

some results with an evaluation of the 
multi-method geophysical techniques used.

4. Electromagnetic and Resistivity Surveys

Newgrange Passage Tomb viewed from the southeast with entrance to the 
passage and lightbox. The tomb is c. 85m in diameter and c.11m in height at 
the summit. Excavation and subsequent reconstruction of the tomb in the 
1960s and 1970s was limited to the area of passage and lightbox. The 
chamber area and its capstone were not excavated.  There has been 
speculation that  the tomb contains further passages with the first  record 
of this being published in1893.  Can geophysical survey techniques find 
hidden chambers in Newgrange Passage Tomb?  

Journal of the Royal Society of Antiquaries of Ireland, Fifth Series, Vol. 3, No. 2(Jun., 1893),

3. Airborne LIDAR data

Available LiDAR data output on a 1m x 1m grid were used to construct contoured 
basemaps and 3-D models of the Passage Tomb in order to locate and position the 
geophysical surveys. The data were used in data reduction and modelling of the 
microgravity results.  

The multi-frequency electromagnetic survey showed a significant linear 
apparent conductivity anomaly over the zone of the excavated and 
reconstructed passage.  The depth of investigation was 1.8m. Five ERT
transects were targetted to investigate zone of the reconstructed passage.

Electromagnetic and electrical resistivity tomography (ERT) surveys were 
used to map the extent and sub-surface nature of the reconstructed 
passage to inform the interpretation of the microgravity survey. 

The low resistivity zone in the modelled 6m depth ERT  pseudosections 
shown above maps the  reconstructed passage, lightbox  and viewing 
gallery seen in the photograph below. The high resistivity anomaly seen at 
the base of pseudosection 16N maps the area of the known chamber. 

16N

4N

Newgrange Passage Tomb 
showing the reconstruction of 
the passage (lower),
lightbox (middle) and viewing
gallery (upper).  

5. Microgravity - Predictive Modelling

Using the known dimensions
of the tomb, the passage and
the chamber with an
estimated density distribution
a predictive gravity model 
was created.The model shows
 there would be a strong 
negative anomaly associated 
with the known chamber if  
gravity measurements were 
made on the surface of the 
mound. 

Further microgravity measurements were
made on the mound and in the chamber in
order to seek further anomalies and refine
the gravity model of the known chamber.
Refinement of the gravity model 
indicated that the anomalies  found could 
not be explained by the known structures
and density distribution used in the model.

Subsequent archival research on the 
reconstruction of the tomb has revealed  that
there is a buried structure lying on top of the
capstone of the chamber. This structure or
cowl was used to reduce the weight loading
 on the chamber from overlying soils.  The 
cowl is shown in the photograph below

The existence of the cowl required a more detailed analysis of the horizontal
 and vertical gravity gradients.  The area of and current analysis of the 
chamber area is shown above where the black crosses show the measurement 
locations in the chamber and the arrows show the direction of the general 
northwest trending horizontal gravity gradient.  The vertical gradient of the
 anomaly, with only the effect of the known chamber  removed, is shown in 
the coloured image. The lower vertical gradient values to the east may be 
due to the gravity effect of the passage.   Taking all the measurements into 
account it appears that the measured effect of the known chamber is 
shifted to the west and northwest compared to the modelled effect.  The 
gravity effects of the passage and cowl are being investigated to eliminate
them from the gravity anomaly associated with the chamber.

16N

4N

Knowth

Newgrange

Dowth
River Boyne

River Mattock

N

Brú na Bóinne WHS

4km

1 Landscape and Geophysical Services, Claremorris, Co. Mayo. Ireland; 2. Comenius University, Bratislava, Slovakia; 3. Dundalk Institute of Technology, Dundalk, Co. Louth, Ireland; 4. Slovak Academy of Sciences, Banska Bystrica, Slovakia; 5. University of Technology, Bratislava, Slovakia.

Brú na Bóinne, has been an important ritual, social and economic centre for 
thousands of years. It was designated a UNESCO World Heritage Site (WHS) 
in 1993. The WHS contains a broad range of archaeological monuments, 
spanning over 6,000 years from the Neolithic passage tombs to the Battle of 
the Boyne (AD 1690) battlefield. Extensive excavation has been undertaken 
at a number of sites, most notably at the great mounds of Newgrange and 
Knowth. The third great mound at Dowth has not been scientifically exca-
vated. The large sites at Knowth and Dowth both have two passages each 
beneath their mounds while Newgrange has just one passage beneath its 
mound, despite its large diameter.  An outline of each mound with known
passages is shown below. 
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which has found hidden cavities in the Great Pyramid at Giza in Egypt. The method has also been used to detect 
the presence of medieval crypts but there has been little research in the use of microgravity in the detection of 
chambers in mounds due to their generally small dimensions. The situation in mounds at Brú na Bóinne is 
different. The major chambers have quite large dimensions, thus enhancing the detection capability of 
microgravity.  A computer simulation to predict the gravity anomaly over the Newgrange chamber was carried 
out. This showed that the calculated effect on gravity of the chamber volume together with its depth within the 
mound would produce a measurable negative gravity anomaly. 

The key objective of the survey was to investigate the potential of the microgravity method in the initial 
detection of the known chamber and subsequently in searching for possible hidden chambers. The processing 
and interpretation of the microgravity survey was informed by ground penetrating radar, electrical resistivity 
tomography, multi-frequency electromagnetic and earth resistance results. 

Initial gravity measurements were made over and in the vicinity of the known chamber. The position of each 
measurement point was precisely determined using a combination of differential GPS and laser tachymetry 
methods.  Data were processed to remove the effects of elevation, tidal variation, topography, latitude, and 
instrument drift. Topography corrections were made using LiDAR data. The output was a gravity anomaly map 
draped on a 3-D model made from the LiDAR data which presents the properties and geometry of sub-surface 
inhomogeneities. The map shows a well developed negative anomaly over the centre of the chamber. 

Further gravity measurements were made on the mound and in the chamber in order to seek further anomalies 
and refine the gravity model of the known chamber. The results confirm the measured gravity anomaly is 
significantly larger than the computed anomaly based on laser tachymetry measurements of the spaceform of the 
chamber. This leads us to believe there is an unknown feature or structure of low density associated with the 
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EVALUATION OF A MULTI-SENSOR 
PLATFORM IN A LARGE-SCALE  

GEOPHYSICAL SURVEY AT BRÚ NA BÓINNE 
WORLD HERITAGE SITE, IRELAND 

This poster presents comparative results from the first use of the Geophysical Exploration Equipment 
Platform (GEEP) in Ireland in carrying out a multi-sensor survey in the vicinity of a possible Neolithic passage 
tomb known as Site E in the Brú na Bóinne World Heritage Site.  

Brú na Bóinne has been an important ritual, social and economic centre for thousands of years. Its universal value 
was recognised in 1993 when it was designated a UNESCO World Heritage Site. Much research has been undertaken 
in the area, including large-scale excavations at the Neolithic passage tombs of Newgrange and Knowth, analysis of 
the megalithic art and field survey of the wider landscape. However we still lack an in-depth understanding of the 
site’s broad range of archaeological monuments, and the landscape and communities that shaped them. 

The Brú na Bóinne WHS Research Framework published in 2009 discusses the current state of knowledge of 
over 6,000 years of activity at Brú na Bóinne and highlights the gaps in that knowledge. A key strategy emerging 
from the framework is a shift in research focus away from sites towards landscape, in particular those that sustained 
and were closely associated with the Brú na Bóinne monuments. Remote sensing techniques have a key role in 
further investigating the visible monuments and prospecting for associated and new features in the landscape. 
LiDAR data and WorldView-2 8-band multispectral satellite data are providing better understandings of the WHS 
landscape and provide a context for systematic large-scale ground survey. 

To date there has been no systematic large-scale use of ground geophysical techniques although a number of 
successful spatially discrete geophysical surveys have been carried out. The landscape has many large, open fields 
under pasture or tillage. The area is suitable for systematic large-scale ground geophysical survey. Systematic 
large-scale ground geophysical survey integrated with the interpretation of other available remote sensing data is an 
obvious next step in the survey and investigation of this internationally important landscape. 

To demonstrate the potential of such a survey strategy, we have carried out an evaluation using the GEEP. The 
survey was carried out around Site E which lies 730m ENE of Newgrange Passage Tomb.  

The GEEP was configured with four Geometrics caesium vapour sensors spaced 1m apart and a central 
DUALEM multi-frequency electromagnetic array. The basic dataset comprises total magnetic field data and 
simultaneous conductivity sounding at six depths. The GEEP was towed by a small tractor unit with the tow cable 
also functioning as a data transfer cable which was connected to a signal processing unit on the tractor. After signal 
processing, for logging and quality control purposes as the survey was in progress, data were transferred via a Wi-
Fi link to a centrally located laptop computer. Survey coverage was monitored both on an onboard computer and on 
the laptop computer.   

The evaluation was successful and the results from the GEEP dataset will be presented with a comparative study of 
data collected by traditional hand-carried magnetic gradiometry, earth resistance and magnetic susceptibility surveys. 
  



Evaluation of a Multi-Sensor Platform in a 
Large-Scale Geophysical Survey at Brú na 

Bóinne World Heritage Site, Ireland 

The Brú na Bóinne Research Framework document (Smyth et al. 2009) has 
advocated a shift in research focus away from sites and towards landscape. It 
is in this area that remote sensing techniques have an important role. The 
current project addresses this aim and is field testing a range of geophysical 
techiques that will be used in a large-scale systematic remote sensing 
survey and will be integrated with other remote sensing datasets.  ABOVE: 
Slope-shaded LiDAR image. (Data courtesy of Meath County Council and the 
Discovery Programme)  

Survey Area Equipment - Geophysical Exploration 
Equipment Platform (GEEP)  

Comparison of Bartington 
Vertical Gradient Data with 
GEEP Vertical Derivative Data 

Survey Analysis 

Acknowledgements: This project was facilitated by the generous cooperation of Pascal and Kevin Hand and the Hand family, landowners. We acknowledge the help and advice of Tom Condit, National Monuments Service DAHG 

Results from a comparison of magnetic data col-
lected near Site E using the GEEP with caesium 
vapour sensors and a hand-carried Bartington 
dual fluxgate gradiometer; (a) GEEP Total Field 
data, (b) GEEP Vertical Derivative data and (c) 
Bartington Vertical Gradient data. There is good 
correlation between the data collected with the 
vertical derivative data showing better resolu-
tion of features. 

Comenius 
University 
Bratislava 

(a) 

(b) 

Field 112 Magnetic and Electromagnetic Data 

(a) Total field magnetic data are col-
lected along 4 continuous tracks 1m 
apart with a sampling interval of c. 
0.4m.

(b) The data from all 4 magnetometer 
sensors are combined to produce a 
total field magnetic map.

(c) These data (b) are filtered to pro-
duce the vertical derivative data 
which is comparable to the data col-
lected by magnetic gradient systems 
such as the Bartington Grad601-2. The 
derivative (or gradient) data empha-
size short wavelength anomalies from 
shallow near-surface sources. These 
magnetic data clearly indicate multi-
phase archaeological activity focused 
on Site E. 

(d) EM data are collected synchro-
nously with the magnetic data along 
tracks 4m apart with a c. 0.4m sam-
pling interval. They have a much lower 
spatial resolution than the magnetic 
data, but show the relationship of the 
archaeology to the soil, subsoil and 
shallow bedrock geology. The data at 
a nominal depth of 2m are displayed 
as resistivity values in Ohm-m. Low 
resistivity (blue) alluvium is evident at 
the north and south of the survey area 
with sub-parallel higher resistivity 
bands representing glacially derived 
sediments. 

(c) 

(a) 

The GEEP system comprises a tractor unit with datalogger and Wi-Fi antenna. 
The sled is configured with 4x caesium vapour sensors spaced 1m apart, a 
centrally mounted DualEM 421S 6-receiver coil EM system, GPS antenna and 
3-axis compass. Data are transmitted in real time via the Wi-Fi link from the 
tractor unit to a datalogger in the trailer unit for quality control.  

The GEEP successfully completed the survey of 6 fields (above) with the re-
sults from Field 112 presented below. Data acquisition was c. 1 ha per hour 
compared to 1 to 2 ha per day with a hand-carried magnetometer.  

1. Humanities and Social Sciences Research Centre, Dundalk Institute of Technology, Ireland;  2. Department of Geology, University of Leicester, England;  3. Landscape and Geophysical Services, Claremorris, Co. Mayo, Ireland;  4. Comenius University, Bratislava, Slovakia. Background Image: Brú na Bóinne Lidar. Courtesy of Meath County Council, Discovery Programme 

(a) Airborne LiDAR data, collected on a 1m x 1m 
grid, have been contoured to show the topo-
graphic contours of the Site E mound. The 35 vis-
ible stones surrounding the mound have been 
mapped and show the centre of the stone circle is 
offset c. 5m to the east from the centre of the 
mound. This may indicate the mound and the 
stone circle were not constructed at the same time.
(b) Earth resistance data collected with a twin-
probe array on a 0.5m x 0.5m grid show the surface 
of the mound has a variable resistance distribution. 
The summit has a higher resistance indicating a 
drier, compacted composition while the steep 
sides have a low resistance possibly due to a 
wetter clay composition. There are a number of dis-
crete high resistance anomalies in the circumfer-
ence of the stones which may indicate places 
where stones have been removed. 
(c) Volume specific magnetic susceptibility mea-
surements made with a 0.18m diameter fieldloop 
on a 5m x 5m grid show low enhancement over 
the mound and its immediate vicinity. Isolated 
single point anomalies are due bare soil disturbed 
by livestock. There is a significant area of enhance-
ment to the east and southeast of the mound. This 
correlates with the archaeological features seen in 
the magnetic gradiometry data (d). 
(d) Vertical magnetic gradient measurements 
made on a 1m x 0.25m grid using a twin gradiom-
eter array with fluxgate sensors spaced 1m verti-
cally apart, show the area of the mound to be mag-
netically quiet. A large anomaly at the northeast of 
the stone circle is due to a metal sign. The area to 
the east of the mound shows a northwest to 
southeast linear overprint due to cultivation. In the 
southeast of the survey area there is a curvilinear 
positive gradient anomaly which is due to a ditch. 
The area of cultivation and the ditch correlate with 
the area of enhancement seen in the magnetic 
susceptibility data.

(a) 

(b) 

(c) 

(d) 
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and Magnetic Gradiometry

112 (Dowth) 

113 (Dowth) 

114 (Dowth) 

115 (Dowth) 

116 (Newgrange) 

117 (Newgrange) 

Site E 

Site D 
Mound (Dowth) 

Enclosure 

Site U 

‘Cursus’ monument 

Site F 

Site G 
Site H 

(b) 

 

Reference: Smyth, J., Brady, C., Chadwick, J., Condit, T., Cooney, G., Doyle, I., Guinan, L., Potterton, M., Stout, G.  
and Tuffy, C. 2009. Brú na Bóinne World Heritage Site Research Framework. Dublin: The Heritage Council. 
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Brú na Bóinne WHS 
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Brú na Bóinne, has been an important ritual, social and economic centre for 
thousands of years. It was designated a UNESCO World Heritage Site (WHS) in 
1993. Although extensive research has been undertaken, this has focused on 
the excavation of and geophysical survey of some monuments. Little exten-
sive systematic field survey of the wider landscape has taken place. We still 
lack an in-depth understanding of the site’s broad range of archaeological 
monuments, spanning over 6,000 years from the Neolithic passage tombs to 
the Battle of the Boyne (AD 1690) battlefield, and the landscape and commu-
nities that shaped them. RIGHT: Worldview-2 panchromatic image of Brú na 
Bóinne with the location of the survey area, Site E and Newgrange Passage 
Tomb (Data courtesy of Digital Globe). 
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EVALUATION OF A MULTI-SENSOR 
PLATFORM IN A LARGE-SCALE  

GEOPHYSICAL SURVEY AT BRÚ NA BÓINNE 
WORLD HERITAGE SITE, IRELAND 

This poster presents comparative results from the first use of the Geophysical Exploration Equipment 
Platform (GEEP) in Ireland in carrying out a multi-sensor survey in the vicinity of a possible Neolithic passage 
tomb known as Site E in the Brú na Bóinne World Heritage Site.  

Brú na Bóinne has been an important ritual, social and economic centre for thousands of years. Its universal value 
was recognised in 1993 when it was designated a UNESCO World Heritage Site. Much research has been undertaken 
in the area, including large-scale excavations at the Neolithic passage tombs of Newgrange and Knowth, analysis of 
the megalithic art and field survey of the wider landscape. However we still lack an in-depth understanding of the 
site’s broad range of archaeological monuments, and the landscape and communities that shaped them. 

The Brú na Bóinne WHS Research Framework published in 2009 discusses the current state of knowledge of 
over 6,000 years of activity at Brú na Bóinne and highlights the gaps in that knowledge. A key strategy emerging 
from the framework is a shift in research focus away from sites towards landscape, in particular those that sustained 
and were closely associated with the Brú na Bóinne monuments. Remote sensing techniques have a key role in 
further investigating the visible monuments and prospecting for associated and new features in the landscape. 
LiDAR data and WorldView-2 8-band multispectral satellite data are providing better understandings of the WHS 
landscape and provide a context for systematic large-scale ground survey. 

To date there has been no systematic large-scale use of ground geophysical techniques although a number of 
successful spatially discrete geophysical surveys have been carried out. The landscape has many large, open fields 
under pasture or tillage. The area is suitable for systematic large-scale ground geophysical survey. Systematic 
large-scale ground geophysical survey integrated with the interpretation of other available remote sensing data is an 
obvious next step in the survey and investigation of this internationally important landscape. 

To demonstrate the potential of such a survey strategy, we have carried out an evaluation using the GEEP. The 
survey was carried out around Site E which lies 730m ENE of Newgrange Passage Tomb.  

The GEEP was configured with four Geometrics caesium vapour sensors spaced 1m apart and a central 
DUALEM multi-frequency electromagnetic array. The basic dataset comprises total magnetic field data and 
simultaneous conductivity sounding at six depths. The GEEP was towed by a small tractor unit with the tow cable 
also functioning as a data transfer cable which was connected to a signal processing unit on the tractor. After signal 
processing, for logging and quality control purposes as the survey was in progress, data were transferred via a Wi-
Fi link to a centrally located laptop computer. Survey coverage was monitored both on an onboard computer and on 
the laptop computer.   

The evaluation was successful and the results from the GEEP dataset will be presented with a comparative study of 
data collected by traditional hand-carried magnetic gradiometry, earth resistance and magnetic susceptibility surveys. 
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THE ARCHAEOLOGICAL FIELD SURVEY OF THE 
MIDDLE GAIÀ VALLEY (TARRAGONA, SPAIN) 

 

In this poster we will show the archaeological prospection methodology and techniques used in an 
archaeological field survey of the Middle Gaià Valley (Tarragona, Spain). Our project has begun in 2012 
and its aim is to study the settlement evolution in the Middle Gaià Valley during the 1st millennium BC. 
The Gaià is a river of modest size (60 km) with a low volume of water that flows into the sea at 
Tamarit (Tarragona). The archaeological field survey is focused on a small geographic area, where 
there are large sectors of plains on the right bank of the river, and mountains on the left bank. The main 
mountain sector is the Serra del Montmell with peaks that are almost a thousand metres high. Our 
survey takes into account historic landscape elements such as paths, in order to establish a possible 
relationship between them and the ancient settlement. 

We especially work with historical aerial photographs and multispectral satellite images, searching 
for traces of buried sites and supporting a more efficient archaeological field survey. We use GIS 
software for compiling and analysing our data, and we generate 3D models of documented sites with 
photogrammetry software, with the aim to create the best knowledge of post-depositional processes.  

 

 
Location of the study area. The aerial photograph is from American Flight B (1956-1957), and the DEM is 
a CGIAR (SRTM 90) data product. 
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POTENTIA: INTEGRATED SURVEY AND 
MAPPING OF A ROMAN COLONY ON THE 

ADRIATIC COAST  

The multidisciplinary approach to the Roman coastal colony Potentia is one of the main activities of the geo-
archaeological research project `Potenza Valley Survey’, carried out since 2000 by a team of Ghent University 
(dir. F. Vermeulen), in the Marche region of central Adriatic Italy. Over the years, this abandoned town, situated 
at the mouth of the Flosis (Potenza) river, has been researched through a large set of intensive interdisciplinary 
operations, consisting of aerial photography, geomorphologic observations, surface artefact surveys, topographic 
surveys, pottery studies and geophysical prospections, also conducted in collaboration with several invited teams 
of experts. 

On this particular case study, quite spectacular are the results of combined remote sensing work which led to 
a detailed mapping depicting the urban layout, with the gridded street networks perfectly defined inside the 
rectangular defence circuit and the majority of public and private buildings, as well as a large segment of the 
suburban settlement system, comprising of three extramural funerary areas, the roads connecting the city to the 
territorium and the original position of the river bed. These intrasite and peri-urban surveys have also been 
checked in the field by a focused excavation carried out between 2007 and 2010 on the west gate of the Roman 
town. The excavations perfectly confirm what is known from recent prospections of the general topography and 
plan of the late Republican and Imperial city. They also provide good chronological and stratigraphical evidence 
about the two main building phases of the gate, the development of the East-West axis and the character of the 
defences, with their ditch, wall and agger. 

 

Potentia: rectified and processed oblique aerial photograph of the southern part of the Roman town with crop marks indica-
ting the Roman street network and some building structures.  



POTENTIA: INTEGRATED SURVEY AND MAPPING OF A ROMAN 
COLONY ON THE ADRIATIC COAST 

Francesca Carboni*, Frank Vermeulen*, Geert Verhoeven**, Patrick Monsieur* 

 
 
 

The intensive archaeological field survey in and around the Roman 
coastal colony Potentia is part of the geo-archaeological research 
project `Potenza Valley Survey’, carried out since 2000 by a team of 
the University of Ghent, in central Adriatic Italy (Marche region). Over 
the years, this abandoned town, founded in 184 BC at the mouth of 
the Flosis (Potenza) river, has been investigated through a large set 
of intensive interdisciplinary operations, consisting of low altitude 
aerial photography, systematic archaeological field walking, artefact 
studies, re-study of excavated evidences, detailed geomorphological 
field mapping, geophysical surveys and fine topographic mapping. 
On this particular case study, quite spectacular are the results of 
combined remote sensing work which led to a detailed plan depicting 
the urban layout, with the gridded street networks perfectly defined 
inside the rectangular defence circuit and the majority of public and 
private buildings, as well as a large segment of the suburban 
settlement system, comprising of three extramural funerary areas, the 
roads connecting the city to the territorium and the original position of 
the river bed.  
These intrasite and peri-urban surveys have also been checked in 
the field by a focused excavation carried out between 2007 and 2010 
on the west gate of the Roman town. The excavations perfectly 
confirm what is known from recent prospections of the general 
topography and plan of the late Republican and Imperial city. They 
also provide good chronological and stratigraphical evidence about 
the two main building phases of the gate, the development of the 
main East-West street and the character of the defences, with their 
ditch, wall and agger. 
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General plan of the town of Potentia, with its 
surrounding roads and cemeteries and the presumed 
Roman mouth of the river Flosis 

Aerial photograph with the location of the city wall 
and the decumanus maximus leading out of the 
city. 

Aerial photograph of the western sector of the city 
with crop marks of the regular street network 

Results of 
microtopographic 
survey on the site 
of Potentia Results of magnetic surveys 

(Archaeological Prospection Services 
Southampton) 

Results of intra mural 
artefact surveys.

Aerial photograph with the location of the 
excavation of the western gate. 

Plan of the excavated area 
  

View of the excavated area, from East 

View of the excavated area, from South.

Restitution of the coastal line and the river bed in 
pre Roman and Roman age  

Potenza valley and surrounding 
area with indication of main 
Roman centres 
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NON-DESTRUCTIVE APPROACHES  
APPLIED TO THE ENVIRONMENT OF THE 

ARCHAEOLOGICAL SITE OF CERRO DE LA MESA, 
VII-II CENT. BC (ALCOLEA DE TAJO, TOLEDO, 

CENTRAL SPAIN) 
 

The protohistoric settlement of Cerro de la Mesa has a strong link with both topography and landscape. 
Located just at the end of a confined rock stretch in the middle basin of the Tagus River, it is situated beside a 
natural ford on rock (also called "permanent"), from which emerges the fertile floodplain of the river. The value 
of these natural resources is even greater if we consider the surrounding environment of granites, arkosic sands 
and aeolian mantles of low fertility. 

The relationship between prehistoric activity and this landscape and its natural resources created a complex 
site, whose context is being approached from a non-destructive perspective, both geoarchaeological and 
geomorphological. 

Fluvial geomorphology is essential for the analysis of  the bedrock fords (now under the dam of Azután) and 
the alluvial bed downstream, with special emphasis on such issues as their distribution, duration and periods of 
use, or their relation to the most favourable paths on either side of the river. 

We are approaching the presence of nearby aeolian deposits, detected in the course of archaeological survey, 
from a sedimentological point of view, so that we get to know their chronology, origin and extent. These 
deposits are of great importance for the attempt to reconstruct the landscape context of the site and the 
configuration of the agrarian landscape. 

The techniques and working methods we are using include GIS tools to analyse LiDAR models, high-
resolution satellite imagery and aerial photographs from the 50s, among others. The latter are fundamental to 
study the evolution of the landscape, such as the fords currently hidden by the dam. 

Fieldwork has been carried out to describe and sample different Quaternary deposits, in order to analyse their 
mineralogical and sedimentological properties, as well as their absolute chronology (OSL). 

Finally, by using petrographic analysis it has been possible to identify the source of the raw materials 
employed in ornament and wall structures. 
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Petrographic analyses from the studied samples 
and several granitic outcrops from di�erent areas have 
been developed in order to constraint the raw 
materials used in ornamental and wall structures.
The results suggest that the materials used for the 
walls were taken from the surrounding granitic 
outcrops.
On the contrary, other di�erent granitic rocks, vissually 
more decorative and located far away from the current 
deposits, were used for the elaboration of the 
ornamental structures.

 Samples Provenance Pluton 

Cerro de 
la Mesa 

EMP Surroundings Aldeanueva 

MURO Surroundings Aldeanueva 

ESC 11 km NW Valdeverdeja 

INS 11 km NW  Valdeverdeja 

Verraco 
sculptures 

VB 12 km SW Valdeverdeja 

DB 15 km SW Valdeverdeja 

VR Surroundings Aldeanueva 

Cerro de la Mesa

ESC
INS

DB

VB Sample            (provenance)

Left: Some of the sampled elements

Right: Thin section analysis (4x polarized light)

VB

MURO, EMP

INS

VR

Non invasive 
techniques:

Geomorphology  
and DTM 
reconstruction 
from aerial 
photos of 1956

Digital Photogrammetry

GIS

Remote Sensing

GPS archaeological survey

Landscape analysis

Photointerpretation

Results + Conclusions

Thematic Cartography

?

Pre-dam topographyCurrent topographyOrthophoto from 1956

Changes in the surroundings of the site

Changes in the site

1950

1950s 1980s

Current Current

Current

Non-destructive approaches applied to the environment of the archaeological 
site of Cerro de la Mesa, VII-II cent. BC (Alcolea de Tajo, Toledo, central Spain)

CRISTINA CHARRO | mccharro@ghis.ucm.es
TERESA CHAPA | tchapa@ghis.ucm.es
ANA CABRERA | anacabre@ghis.ucm.es
Complutense University of Madrid
Prehistory Department
Madrid, Spain

DAVID URIBELARREA | uriben@geo.ucm.es
Complutense University of Madrid
Geodynamics Department
Madrid, Spain

JUAN PEREIRA | juan.pereira@uclm.es
University of Castilla-La Mancha
Department of History
Toledo, Spain

ENRIQUE MERINO | enriqmer@geo.ucm.es
PILAR ANDONAEGUI | andonaeg@geo.ucm.es
Complutense University of Madrid
Petrology and Geochemistry Department
Madrid, Spain

The protohistoric settlement of Cerro de la Mesa has a strong link with both topography and landscape. Located just at the end of a con�ned rock stretch in the middle basin of the 
Tagus River, it is situated beside a natural ford on rock (also called "permanent"), from which emerges the fertile �oodplain of the river. The value of these natural resources is even 
greater if we consider the surrounding environment of granites, arkosic sands and aeolian mantles of low fertility.
The relationship between prehistoric activity and this landscape and its natural resources created a complex site, whose context is being approached from a non-destructive pers-
pective, both geoarchaeological and geomorphological.
Fluvial geomorphology is essential for the analysis of the bedrock fords (now under the dam of Azután) and the alluvial bed downstream, with special emphasis on such issues as 
their distribution, duration and periods of use, or their relation to the most favourable paths on either side of the river.
We are approaching the presence of nearby aeolian deposits, detected in the course of archaeological survey, from a sedimentological point of view, so that we get to know their 
chronology, origin and extent. These deposits are of great importance for the attempt to reconstruct the landscape context of the site and the con�guration of the agrarian landsca-
pe.
The techniques and working methods we are using include GIS tools to analyse LiDAR models, high-resolution satellite imagery and aerial photographs from the 50s, among others. 
The latter are fundamental to study the evolution of the landscape, such as the fords currently hidden by the dam.
Fieldwork has been carried out to describe and sample di�erent Quaternary deposits, in order to analyse their mineralogical and sedimentological properties, as well as their absolu-
te chronology (OSL).
Finally, by using petrographic analysis it has been possible to identify the source of the raw materials employed in ornament and wall structures.

Modi�ed from Alvarez-Sanchis 2000

There are some Second 
Iron Age settlements in 
the area, but we only know 
about them from some 
archaeological surveys. 
They point out that it 
should exist a dense 
settlement network 
during this period. This 
hypothesis is supposed to 
be con�rmed archaeologi-
cally with the spread of the 
verracos, big sized sculptu-
res of pigs and bulls. 

The archaeology of the 
area is still very little but 
particularly interesting 
because it is supposed to be a 
border space among some 
contemporary pre-roman 
groups.

The Cerro de la Mesa settlement is an Iron Age site 
placed on a ford over the Tagus river that had a crucial strategic 
relevance from the �nal phases of the Bronze Age till Roman 
times.
The Orientalising phase seems to have been very important, 
regarding to its location and archaeological materials and 
structures.
The last phase of occupation corresponds chronologically with 
the peninsular Second Iron Age (ca. IV-I cent. BC)

Summary
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(sands and boulders)
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(sands and boulders)

Alluvial 
(gravels, sands, silts and clays)

Bedrock channel
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Alluvial channels:  ri�e-pool sequence

Fords (ri�es) use to be in in�ection points 
between consecutive meanders.
Wide and shallow. 

Relative short-time:

~10-100 years: No change

>100 years: Di�cult to locate due to:

-  channel migration and cuto�s
-  �oodplain rework 

Bedrock channels: step-pool sequence

Fords controled by rock characteristics: lithology, 
dykes, faults, etc. 

Narrow and deep

Long-term (~100-1000 years):

- No change

- Di�cult to locate due to anthropic changes 
(Azutan, dam construction)

ford
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dam

Cerro de la Mesa

Aeolian sediments
(sand sheets)

Landscape reconstruction around the 
archaeological site. 

Aeolian deposits:

- Covering archaeological remains?
- Poor or good for agriculture?

Deposits characterization:
spatial distribution, age, depth, origin, size, 
mineralogy, shortness  

?
Palaeodirection 
of wind
Geo-trench

OSL sampleStratigraphy Sediment collect

Non invasive techniques:

Geomorphology based on 
LIDAR

Stratigraphy description

Sampling campaign
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APPLIED TO THE ENVIRONMENT OF THE 

ARCHAEOLOGICAL SITE OF CERRO DE LA MESA, 
VII-II CENT. BC (ALCOLEA DE TAJO, TOLEDO, 

CENTRAL SPAIN) 
 

The protohistoric settlement of Cerro de la Mesa has a strong link with both topography and landscape. 
Located just at the end of a confined rock stretch in the middle basin of the Tagus River, it is situated beside a 
natural ford on rock (also called "permanent"), from which emerges the fertile floodplain of the river. The value 
of these natural resources is even greater if we consider the surrounding environment of granites, arkosic sands 
and aeolian mantles of low fertility. 

The relationship between prehistoric activity and this landscape and its natural resources created a complex 
site, whose context is being approached from a non-destructive perspective, both geoarchaeological and 
geomorphological. 

Fluvial geomorphology is essential for the analysis of  the bedrock fords (now under the dam of Azután) and 
the alluvial bed downstream, with special emphasis on such issues as their distribution, duration and periods of 
use, or their relation to the most favourable paths on either side of the river. 

We are approaching the presence of nearby aeolian deposits, detected in the course of archaeological survey, 
from a sedimentological point of view, so that we get to know their chronology, origin and extent. These 
deposits are of great importance for the attempt to reconstruct the landscape context of the site and the 
configuration of the agrarian landscape. 

The techniques and working methods we are using include GIS tools to analyse LiDAR models, high-
resolution satellite imagery and aerial photographs from the 50s, among others. The latter are fundamental to 
study the evolution of the landscape, such as the fords currently hidden by the dam. 

Fieldwork has been carried out to describe and sample different Quaternary deposits, in order to analyse their 
mineralogical and sedimentological properties, as well as their absolute chronology (OSL). 

Finally, by using petrographic analysis it has been possible to identify the source of the raw materials 
employed in ornament and wall structures. 
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NON-DESTRUCTIVE SURVEYS IN 
ARCHAEOLOGICAL SITES OF SICILY: 

A REVIEW OF RECENT  
INTERPRETATIONS AND RESULTS 

This presentation illustrates recent results of non-destructive application tools used to explore some important 
naturalistic and artificial caves of Sicily. The discovery of anthropozoic deposits has given a particular 
archaeological interest to these sites, many of them included in wildlife areas instituted by the Sicilian Regional 
Government. Archaeological works have left noticeable traces in the stratigraphic history of these areas, rightly 
considered a significant heritage. This has encouraged their investigation by geophysical techniques, with the aim 
to test their validity as well as to propose further explorations. The central geophysical problem was to identify 
and/or typify often unknown buried anomalies, using preliminary geological and historical knowledge as well as 
the skills of researchers. Thus, a number of specific studies have been performed in the last years. 

In detail, electromagnetic techniques were applied above shallow cavities of Northern and Eastern Sicily, 
utilizing electrical soundings and georadar systems: their non-invasive features are appropriate for protected 
areas, so that subsoil data can be acquired without territory alteration. The very numerous field measurements of 
geophysical parameters, mainly relevant to apparent resistivity and electromagnetic pathways, have been 
conveniently collected, producing sets of elaborations in GIS environment that are relevant to the prospected 
archaeological sites. Research has been executed in sedimentary and volcanic areas. 

In the Carini territory, few tenths of km West of Palermo, karst and arenaceous terrains include geometrically 
well-known cavities, which can present unexplored extensions in the surrounding areas: in fact, geophysical 
anomalies – corresponding to known sectors of the caves – can be identified and related with resistivity and 
permittivity variations, suggesting the prospecting extension also to unexplored sectors. Natural and artificial 
grottoes have been explored by both horizontal and vertical electrical soundings as well as by georadar 
techniques (Ground Penetrating Radar profiles) with different depths of investigation. Field measurements have 
provided information about depths and shapes of buried anomalies (karst environments and tombs with remains 
of the Bronze Age), represented by cavities and buried bodies characterized by variations of electrical and 
magnetic properties. 

On the other side of Sicily, in its eastern sector (North of Catania town), in a wildlife area with numerous 
volcanic cavities, sub-horizontal lava-flow grottoes have been surveyed by apparent resistivity soundings, 
observing high contrast in the resistivity parameter. These caves are true tunnels caused by the cooling of the 
flowing lavas’ external part: they, together with the surrounding wildlife area, present interesting archaeological 
remains of the Early Bronze Age. Here, geophysical investigations revealed anomalies, represented by caves 
produced during effusive Etna episodes, and also shed light on the buried interface between volcanic rocks and 
underlying sedimentary formations. The shown geophysical contrasts can be complicated by the water contents 
in caves and/or hosting terrains, giving different properties to buried anomalies and imposing an improvement of 
geological and geophysical models. 

The shown experiences, part of a wider project to achieve a risk mapping of the cultural heritage in Sicily, are 
directed to preserve both naturalistic vestiges and archaeological sites of Sicily’s urbanized areas. They can 
favourably be extended to specific areas of Sicily, where ancient buried vestiges are covered by different natural 
or artificial materials. 
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considered a significant heritage. This has encouraged their investigation by geophysical techniques, with the aim 
to test their validity as well as to propose further explorations. The central geophysical problem was to identify 
and/or typify often unknown buried anomalies, using preliminary geological and historical knowledge as well as 
the skills of researchers. Thus, a number of specific studies have been performed in the last years. 

In detail, electromagnetic techniques were applied above shallow cavities of Northern and Eastern Sicily, 
utilizing electrical soundings and georadar systems: their non-invasive features are appropriate for protected 
areas, so that subsoil data can be acquired without territory alteration. The very numerous field measurements of 
geophysical parameters, mainly relevant to apparent resistivity and electromagnetic pathways, have been 
conveniently collected, producing sets of elaborations in GIS environment that are relevant to the prospected 
archaeological sites. Research has been executed in sedimentary and volcanic areas. 

In the Carini territory, few tenths of km West of Palermo, karst and arenaceous terrains include geometrically 
well-known cavities, which can present unexplored extensions in the surrounding areas: in fact, geophysical 
anomalies – corresponding to known sectors of the caves – can be identified and related with resistivity and 
permittivity variations, suggesting the prospecting extension also to unexplored sectors. Natural and artificial 
grottoes have been explored by both horizontal and vertical electrical soundings as well as by georadar 
techniques (Ground Penetrating Radar profiles) with different depths of investigation. Field measurements have 
provided information about depths and shapes of buried anomalies (karst environments and tombs with remains 
of the Bronze Age), represented by cavities and buried bodies characterized by variations of electrical and 
magnetic properties. 

On the other side of Sicily, in its eastern sector (North of Catania town), in a wildlife area with numerous 
volcanic cavities, sub-horizontal lava-flow grottoes have been surveyed by apparent resistivity soundings, 
observing high contrast in the resistivity parameter. These caves are true tunnels caused by the cooling of the 
flowing lavas’ external part: they, together with the surrounding wildlife area, present interesting archaeological 
remains of the Early Bronze Age. Here, geophysical investigations revealed anomalies, represented by caves 
produced during effusive Etna episodes, and also shed light on the buried interface between volcanic rocks and 
underlying sedimentary formations. The shown geophysical contrasts can be complicated by the water contents 
in caves and/or hosting terrains, giving different properties to buried anomalies and imposing an improvement of 
geological and geophysical models. 

The shown experiences, part of a wider project to achieve a risk mapping of the cultural heritage in Sicily, are 
directed to preserve both naturalistic vestiges and archaeological sites of Sicily’s urbanized areas. They can 
favourably be extended to specific areas of Sicily, where ancient buried vestiges are covered by different natural 
or artificial materials. 
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RECONSTRUCTING ROMAN FIELD SYSTEMS 
THROUGH THE INTEGRATION OF  

REMOTE SENSING TECHNIQUES AND GIS. 
THE PENEDÈS-GARRAF PROJECT  

(NORTH-EASTERN SPAIN) 
 
 

The Penedès-Garraf project focuses on the study of the transition between the Iron Age and the Roman period 
from a landscape perspective, using as a case study the Penedes lowland inland plain in north-eastern Spain. 

Integral part of this study has been the reconstruction of the Roman field system and the changing patterns of 
rural occupation. This poster will present the different sources and methodology adopted to approach these 
archaeological questions. 

The Penedès has provided evidence for the existence of Roman centuriated field systems (Palet 2003). 
However, the transformation of the territory with the founding of several medieval villages and the strong 
landscape transformations brought up by the 19th century wine production have erased the traces of these Roman 
field systems.  

The combination of different sources and geospatial techniques is essential for their successful identification. 
In particular the study of the field division systems, firstly identified by Palet (2003), will follow the 
methodology developed by Orengo and Palet (2010) which consists of GIS-based archaeomorphological 
analyses, multispectral image analysis, microrelief analysis, distance statistics, and additional archaeological test 
pit excavation. The GIS geodatabase not only includes pre 19th century maps but also accurate early  
20th century maps. From these, old paths, territory limits, field limits, and historical landscape traits will be 
extracted. These will be compared with historical documentation in order to date changes in the morphology of 
the study area. A combination of Landsat, SPOT and NIR high resolution aerial images will be employed 
together with meteorological records (which will help selecting those taken after light rain) for the detection of 
buried roads, as well as other elements of past morphology. Furthermore, a high definition DTM resampled to 
5 x 5 m/cell will be employed to analyse the study area morphology. This will provide a much needed complement 
to the high definition orthoimages, since it will allow to analyse the path erosion process and to obtain a first 
estimation of their antiquity. 

Preliminary results of this methodology point to a centuriated area much larger than that identified in 
previous studies, with traces preserved as part of the hydrological system. The combination of historical and 
archaeological records with this centuriation indicates a strong spatial relation between the distribution of Roman 
sites and the detected traces. Future fieldwork will be essential to confirm the Roman chronology of these traces. 
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METHODOLOGY

In order to this analysis, a

geodatabase created by G.I.S,

included pre-19th century maps asincluded pre-19th century maps as

well as more accurate maps from the

early 20th century. From these maps,

old paths, territory limits, etc. will be

compared with historical

documentation in order to date thedocumentation in order to date the

landscape traces

Several archaeological sites, already

included in the archaeologicalincluded in the archaeological

heritage catalog of Catalonia (I.P.A.C),

were located over a DTM, realized

with LIDAR 5x5m cell. This DTM, has

SPOT (312) Path of a centuriation 10x15 actus

with LIDAR 5x5m cell. This DTM, has

been an important tool both for the

archaeomorphological study and for

identifying potencial ancient fossed
The study area is located on the Mediterranean coast in the Northeast of the Iberian Peninsula,

comprising aprox 500 km2. This is a pre-coastal depression flanked by two mountain ranges: the

Serralada Prelitoral and Serralada Litoral (Garraf). These range discharge part of river network in the

identifying potencial ancient fossed

traces.

A Rectification of old aerial
Serralada Prelitoral and Serralada Litoral (Garraf). These range discharge part of river network in the

studied area, dividing geomorphologically the territory in three basins. The two rivers that flank the area

under study area are the Anoia and Foix rivers. Climatology, along with agricultural land use (mostly

vineyards), causes heavy erosion of quaternary sediments, making hard the preservation of many

photography, development of DTMs

by photogrammetrical block

triangulation completes the
vineyards), causes heavy erosion of quaternary sediments, making hard the preservation of many

archeological sites. Although, the urban development of the area has has helped to uncover

archeological data of the studied area. Unfortunately, we are facing severe problems due to changes in

archaeomorphological study with a

combination of remote sensing

techniques with Landsat, SPOT and
the land surface caused by the climatology, ongoing urban development and the intensive soil

explotation for agricultural purposes.

However, the agricultural activity has kept the morphology of a classical Mediterranean landscape from

techniques with Landsat, SPOT and

NIR high resolution aerial images

combined with meteorological records

(selecting those taken after light rain)
However, the agricultural activity has kept the morphology of a classical Mediterranean landscape from

the days of the first arrival of oriental products (e.g. vitis found in deposits of the Iron Age, s.VI BC). The

presence of a complex Roman land division system (centuriation) in the Penedès also suggests that there

was a period of changes in the economic activity during the Roman period.

(selecting those taken after light rain)

in order to detect buried roads but

also other elements of past

morphology .
was a period of changes in the economic activity during the Roman period.

Unfortunately, many of these traces are not visible to the naked eye. It was necessary to apply a specific

methodology for their identification. This poster presents the different non-destructive archaeological

methologies used to approach the study of field division systems. Preliminary studies conducted in

morphology .

Finally, the surface prospection is

necessary for verifying the cronology
Georreferenced 1914 Cartography

methologies used to approach the study of field division systems. Preliminary studies conducted in

G.I.A.P projects by Orengo and Palet (2010) were performed using multispectral image analysis,

microrelief analysis, distance statistics and also archaeological test pits excavation.

of the roads.

Previous surveys performed in the Baix Penedès area (PALET, J.M 2001) identified field

RESULTS

Previous surveys performed in the Baix Penedès area (PALET, J.M 2001) identified field

centuriated traces that fit on a modulation 20x15 actus, own augustean period in

Tarraconense, when the roman city of Tarraco receives colony status, along with

Barcino. In the late Roman period and visigotic ages this field system crashed and a

new model changes the land structure around the high medieval fundations (X

Century).

However, the new study, realized on the Garraf piedmont, shows a set of deep roads

equally spaced. They are conserved in gully form, some only visible with Infrared

Spectrum, and coincides with a modulation 20x15 actus.Spectrum, and coincides with a modulation 20x15 actus.

Spatial analysis gives a positive result about distance proximity between roman sites.

This new traces changes its orientation respect with the Baix Penedès plot, since the

city of Vilafranca del Penedès.city of Vilafranca del Penedès.

Archeomorphology shows that the plot is configured through guiding axis, the Via

Augusta. And it adapts to the plain geomorphology and its drain systems.

In the future we want to extend the survey and identify the evolution of this paths,In the future we want to extend the survey and identify the evolution of this paths,

along with archaeological test pits excavation.
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The Penedès-Garraf project focuses on the study of the transition between the Iron Age and the Roman period 
from a landscape perspective, using as a case study the Penedes lowland inland plain in north-eastern Spain. 

Integral part of this study has been the reconstruction of the Roman field system and the changing patterns of 
rural occupation. This poster will present the different sources and methodology adopted to approach these 
archaeological questions. 

The Penedès has provided evidence for the existence of Roman centuriated field systems (Palet 2003). 
However, the transformation of the territory with the founding of several medieval villages and the strong 
landscape transformations brought up by the 19th century wine production have erased the traces of these Roman 
field systems.  

The combination of different sources and geospatial techniques is essential for their successful identification. 
In particular the study of the field division systems, firstly identified by Palet (2003), will follow the 
methodology developed by Orengo and Palet (2010) which consists of GIS-based archaeomorphological 
analyses, multispectral image analysis, microrelief analysis, distance statistics, and additional archaeological test 
pit excavation. The GIS geodatabase not only includes pre 19th century maps but also accurate early  
20th century maps. From these, old paths, territory limits, field limits, and historical landscape traits will be 
extracted. These will be compared with historical documentation in order to date changes in the morphology of 
the study area. A combination of Landsat, SPOT and NIR high resolution aerial images will be employed 
together with meteorological records (which will help selecting those taken after light rain) for the detection of 
buried roads, as well as other elements of past morphology. Furthermore, a high definition DTM resampled to 
5 x 5 m/cell will be employed to analyse the study area morphology. This will provide a much needed complement 
to the high definition orthoimages, since it will allow to analyse the path erosion process and to obtain a first 
estimation of their antiquity. 

Preliminary results of this methodology point to a centuriated area much larger than that identified in 
previous studies, with traces preserved as part of the hydrological system. The combination of historical and 
archaeological records with this centuriation indicates a strong spatial relation between the distribution of Roman 
sites and the detected traces. Future fieldwork will be essential to confirm the Roman chronology of these traces. 
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MACRO TO MICRO.  
MULTI-SCALAR APPROACHES TO  

THE INTERPRETATION OF  
PROTOHISTORIC SURFACE SCATTERS  

 
 

Over more than ten years, the Groningen Institute of Archaeology has conducted archaeological fieldwalking 
surveys in the Raganello watershed (Calabria, Italy). In a total surveyed area of 13 km2 235 sites were found, 
155 of which date to the protohistoric period. Often consisting of no more than a handful of badly datable and 
poorly preserved potsherds, these surface scatters are difficult to interpret. Their limited size, non-monumental 
character, and poor preservation make such sites a complicated study subject which is often neglected in 
archaeological studies. 

The research project ‘Rural Life in Protohistoric Italy’ aims at a better understanding of these ephemeral sites 
by studying their surface, subsurface and environmental characteristics at various scales. Different invasive and 
non-invasive methods are applied on representative examples of different site types in the Raganello watershed. 
In the final stage of the project, these different approaches will be evaluated in order to develop a useful method 
to detect small protohistoric sites. 

The multi-disciplinary approach combines archaeological, geophysical, geomorphological and pedological 
studies. The archaeological surface record is studied in close detail by new assemblage studies and very detailed 
re-surveys.  The subsurface of known sites is investigated by geophysical surveys on different scales, using a 
range of methods from large-area prospection to on-site recording of local variations. Increasingly invasive 
methods (coring, small test trenches) are applied to investigate the nature and depth of potential intact structural 
remains detected by geophysical means, and whether these can be linked to the surface record. On a larger scale, 
mapping different soil types and land forms helps to assess site formation processes in different parts of the 
landscape and to understand the variations of geophysical response in the research area.  

The poster will present the different scales of investigation used in the study of small protohistoric sites and 
illustrate this by a case-study. 
  



Rural Life in Protohistoric Italy

The ideas presented in this poster are part of the 
Rural Life Project (2010-2015), a multidisciplinary 
geoarchaeological project that aims to obtain a 
better understanding of the 1,000s of small 
protohistoric sites that have been mapped in field 
walking surveys all over the Mediterranean. Such 
scatters are often poorly preserved and difficult 
to interpret, and rarely studied in detail.

 The project investigates representative sites and 
their environments with a combination of invasive 
and noninvasive methods and at a scales 
ranging from the intra-site to the microregional. 

The Rural Life in Protohistoric Italy project is 
funded by the Netherlands Organization for 
Scientific Research.

Scaling Down

In collaboration with Dr Jordan's 
Archaeological Prospection research 
group at the University of Mainz, 
geophysical and micromorphological data 
from the test pits will be used to obtain a 
detailed understanding of 
postdepositional history at the intra-site 
level. 

Volumetric models of the geophysical 
'behaviour' of specific archaeological 
features will be created to predict 
responses of near-surface geophysical  
techniques.

Archaeological research in Northern 
Calabria

The research project builds on the results of the field walking 
surveys of the Raganello Archaeological Project and its 
predecessors, conducted since 2000 by the Groningen Institute of 
Archaeology in the basin of river Raganello (Calabria, Italy).

The intensive and systematic field surveys, now covering some 13 
km2, demonstrate the presence of unexpectedly large numbers of 
small sites in the foothills and uplands. Their role in the settlement 
and economic systems must now be explained. 

However, it also became increasingly clear that the prima facie 
result of the survey (the archaeological map) is severely biased 
by natural and anthropogenic postdepositional processes and by 
research and discovery biases. These processes and biases 
were studied in the GIA Hidden Landscapes project. Their effects 
on the interpretation  of small  protohistoric scatters are now 
further investigated in the Rural Life programme. 

Scaling Up

Postdepositional processes and factors 
affecting our ability to detect and recover 
archaeological information act at spatial 
scales above 'site-scale'. We therefore 
make detailed soil maps and soil profile 
studies around each test site.

In collaboration with Dr. De Laet of the 
department of Physical Geography at 
Leuven University we are investigating the 
potential of airborne hyperspectral 
scanning to classify soils and to detect both 
ploughed up archaeological materials and 
geological 'false positive' surface anomalies 
over large areas. The effects of slope 
processes and tillage on the archaeological 
record will be modeled on the basis of a 
high resolution Lidar dataset. A programme 
of field tests and calibration measurements 
will be used to tie the model outcomes to 
reality.

Interpreting sites 
known only from 
surface survey

We base our approach on the 
assumption that there is a 
limited number of types of 
activities leaving 
archaeological remains. PhD 
student Wieke de Neef  is 
therefore building a 'reference 
library' of published excavated 
features and their associated 
finds assemblages, to which 
we will compare the structures 
and features recorded in our 
non-invasive and invasive 
fieldwork. The reference library 
will be used to attach 
meaningful interpretations to 
unexcavated sites.

Late Bronze Age hut from nearby 
Broglio di Trebisacce

Wieke de Neef, Martijn van Leusen, Kayt Armstrong

Macro to Micro
Multi-scalar approaches to the interpretation of protohistoric surface scatters

Towards a library 
of geophysical 
anomalies

Both man-made and natural 
geophysical anomalies can be 
classified into 'types' on the 
basis of their morphology and 
intensity. For example, 
rectangular gradiometric 
anomalies so far occur in 3 
types (see below). Information 
obtained by further noninvasive 
study and by coring or test pits 
in any of these can be 
extrapolated to other examples 
of the same type. Dr Kayt 
Armstrong is now building a 
'library' of such anomalies, 
which we intend to link to 
specific structure types in our 
archaeological 'library'.

Type 1 Type 2 Type 3

Uncertain

0 5m

Cluster of protohistoric sites

Cluster of protohistoric sites

Test pits

Test pits of 1 x 1 m are used to document and 
date archaeological stratigraphy, take magnetic 
susceptibility measurements of sections and 
levels, and collect soil samples.

Coring

Using a Pürckhauer hammer gouge for heavy 
and stony soil, we locate archaeological layers 
and features, and confirm the presence of 
specific materials. 

Archaeological sites in 
the Raganello basin
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Over more than ten years, the Groningen Institute of Archaeology has conducted archaeological fieldwalking 
surveys in the Raganello watershed (Calabria, Italy). In a total surveyed area of 13 km2 235 sites were found, 
155 of which date to the protohistoric period. Often consisting of no more than a handful of badly datable and 
poorly preserved potsherds, these surface scatters are difficult to interpret. Their limited size, non-monumental 
character, and poor preservation make such sites a complicated study subject which is often neglected in 
archaeological studies. 

The research project ‘Rural Life in Protohistoric Italy’ aims at a better understanding of these ephemeral sites 
by studying their surface, subsurface and environmental characteristics at various scales. Different invasive and 
non-invasive methods are applied on representative examples of different site types in the Raganello watershed. 
In the final stage of the project, these different approaches will be evaluated in order to develop a useful method 
to detect small protohistoric sites. 

The multi-disciplinary approach combines archaeological, geophysical, geomorphological and pedological 
studies. The archaeological surface record is studied in close detail by new assemblage studies and very detailed 
re-surveys.  The subsurface of known sites is investigated by geophysical surveys on different scales, using a 
range of methods from large-area prospection to on-site recording of local variations. Increasingly invasive 
methods (coring, small test trenches) are applied to investigate the nature and depth of potential intact structural 
remains detected by geophysical means, and whether these can be linked to the surface record. On a larger scale, 
mapping different soil types and land forms helps to assess site formation processes in different parts of the 
landscape and to understand the variations of geophysical response in the research area.  

The poster will present the different scales of investigation used in the study of small protohistoric sites and 
illustrate this by a case-study. 
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FROM 3D GIS TO ARCHEOGIS:  
FIRST STEPS TOWARDS A  

TIMELESS CONCEPTUAL MODEL 

In the last decades, Geographical Information Systems (GIS) have shown their potential to uncover 
spatiotemporal relationships between various objects and layers. Although archaeologists have increasingly used 
these techniques to analyze and interpret relationships between features on site, many of them still lack a full 
understanding of all possible advantages that GIS technology can offer. This shows the need to develop a 
comprehensive GIS for archaeological data, which is not only cost-efficient and easy to use, but above all 
tailored for the requirements of people dealing with archaeological data in the field or as a primary source of 
information. 

It is clear that a three-dimensional GIS for archaeologists would have many advantages over the traditional 
GIS tools which are mainly oriented towards a 2D representation and analysis of objects in a single time-frame. 
3D visualizations have already proven to be valuable tools to record the state of a site and later revisit it in a 
virtual environment, long after it has been destroyed or heavily altered. Even more importantly, having a 3D 
overview of the different structures and objects on a site allows for topological and spatial analysis and a better 
understanding of the relations between the different excavated objects and stratigraphic layers. Overall, a 3D 
approach would not only enable new ways of handling this specific type of data but could be a starting point for 
new or improved methodologies all along the chain from fieldwork over analysis to reconstruction. 

Problems with developing such a system are mainly related to the broad diversity of archaeological data and 
its inherent complexity. The data itself is intrinsically three-dimensional, requiring a fully-fledged 3D GIS that is 
able to cope with the diversity in spatial, geometric and semantic information. Moreover, the temporal aspect 
that is linked to each of these information particles pushes the requirements even further towards a system that 
enables handling the fourth dimension and all its associated data-imperfection.  

Examining 3D relationships between structures and objects on several archaeological sites should allow us to 
detect common characteristics, which in turn could lead to new or improved methods of 3D analysis that are not 
feasible in a 2D approach. Both characteristics and the data model used to register and analyze them shape the 
requirements for the development of a full 3D archeological GIS.  

Therefore, a first step towards a timeless archaeological conceptual model is taken in this project, consisting 
of a case study in which the site ‘Molesme Sur-les-Creux’ functions as test site for the identification of the most 
significant characteristics. Subsequently these characteristics are implemented in an extensible data model whose 
robustness is tested in the analyses expected to be most commonly used. Since this research is part of a bigger 
project, the next steps will eventually result in a formal definition of a conceptual data model with a common 
archaeological vocabulary and semantic, geometric and topologic description of archaeological objects that will 
be put forward as an extension of the GML data structure. 
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Case study

Data model

Case study

Database - analysis

Future research
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From 3D GIS to ArcheoGIS: First Steps towards a Timeless Conceptual Model
Berdien De Roo1, Ruben Maddens1, Ann Vanclooster1, Jean Bourgeois2, Philippe De Maeyer1

1Department of Geography & 2Department of Archaeology, Ghent University, Belgium

ArcheoGIS3DFrom

to

Current limitations of available software and tools in handling archaeological data hamper the extensive use of GIS in Archaeology.
Data is more complex than regular geospatial data: 3D, various temporal values and fuzziness.

         Need for a fully-fl edged 3D archaeological GIS

Advantages: 
•  improved understanding of spatial and temporal relations
•  enhanced analytical potential

First step: identify basic elements of 3D ArcheoGIS via case study
•  examine relationships and characteristics
•  test with commonly used and new analyses 

Site located in Molesme (Bourgogne, France) in a meander of 
the Laigne. 
Excavations led by C. Petit (1996-2004).
Occupation: late Hallstatt – Gallo-Roman
Movable objects: amfora, animal bones, ceramic  crockery
Immovable objects: ditches, pits of piles, built structures

The existing excavation database is transformed in accordance with the UML-schemas. 
This allows for a better insight in the spatial and temporal relations in a complex excavation 
database. The performance of the new data model is tested in a cluster analysis, which reveals 
previously hidden patterns.

Next research steps should eventually result in a conceptual data model applicable in a wide 
variety of sites. This standardised model will facilitate data exchange and new analyses and 
will be an essential step towards a full 3D GIS with temporal functionalities for archaeological 
use.

Examining spatio-temporal relationships between structures and objects on site Molesme 
‘Sur-les-Creux’.  
The main objects and common characteristics are incorporated in a UML-schema, organ-
ized around characteristic archaeological relationships object-space-time. 
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RURAL SITES IN NORTHWEST MALTA:  
RESULTS OF THE  

BELGO-MALTESE SURVEY PROJECT 
 

This poster presentation offers results of a joint survey project in the northwest of Malta with finds 
ranging from the Prehistoric till the Early Modern period. The project is a trilateral endeavour of the 
Department of Archaeology of Ghent University (Belgium), the University of Malta and the 
Superintendence of Cultural Heritage (Malta) since 2008. It is an intensive systematic field-walking 
survey in a kilometre-wide transect, beyond the main Phoenician and Punic urban centre on the island, 
the present-day Rabat/Mdina. It is interdisciplinary, involving not only archaeologists, but also ceramic 
specialists, geophysicists, geomatic specialists/topographers and geomorphologists. 

Three permanently inhabited sites were encountered dating to at least the late 6th or early 5th century 
BCE, with a clearer attestation in the Hellenistic/Roman period and Late Antique periods. The resulting 
reconstructed settlement pattern of the Phoenician/Punic period suggests a managed landscape that seems 
to be a good reflexion of what is happening in North Africa and elsewhere in the central and western 
Mediterranean. At least from the Roman period on, these sites seem to have specialised on the production 
of olive oil. The poster presentation focuses upon the major site in the survey transect, the Ġebel 
Għawżara site. 



 
 
 

Rural Sites in Northwest Malta 
Results of the Belgo-Maltese Survey Project 

 

MSP 2008 
Since 2008 a joint survey project in the northwest of Malta 
is being conducted yielding finds that range from the 
Prehistoric till the Early Modern period. The project is a 
trilateral endeavour of the Department of Archaeology of 
Ghent University (Belgium), the University of Malta and 
the Superintendence of Cultural Heritage (Malta). It is an 
intensive systematic field-walking survey in a kilometre-
wide transect, beyond the main Phoenician and Punic 
urban centre on the island, the present-day Rabat/Mdina. It 
is interdisciplinary, involving not only archaeologists, but 
also ceramic specialists, geophysicists, geomaticians, and 
geomorphologists. 
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Links: de vishandel vond vooral plaats onder de vorm van vissaus. Hierboven ziet u enkele 
van de talrijk aangetroffen Punische amforen waarin vissaus, garum, werd getransporteerd. 

Roald F. Docter, Nicholas C. Vella, Nathaniel Cutajar, Anthony Bonanno, Anthony Pace, Morgan De Dapper, Alain De Wulf, Rudi Goossens, Lieven Verdonck, 
Maxine Anastasi, Babette Bechtold, Guy Dierkens, Boutheina Maraoui Telmini, Mevrick Spiteri, Timothy Nuttens, Cornelis Stal, Winfred van de Put, Renata Zerafa 

Three sites 
Three permanently inhabited sites were encountered, lying 
700-1000m apart, below garrigue plateaux.  They date to at 
least the late 6th or early 5th century BCE, with a clearer 
attestation in the Hellenistic/Roman and Late Antique 
periods. The resulting reconstructed settlement pattern of 
the Phoenician/Punic period suggests a managed landscape 
that seems to be a good reflexion of what is happening in 
North Africa and elsewhere in the central and western 
Mediterranean. At least from the Roman period on, these 
sites seem to have specialised on the production of olive oil. 

Part of the Ġebel Għawżara site: ground penetrating radar slice (above) and 3D reconstruction 
(below). 1. villa / farm building; 2. Bath installations; 3. storage facilities. (Late) Roman with Punic 
predecessor). 

Rechts: de aanwezige botfragmenten en vooral de kaakbeenderen lieten een identificatie 
van de vissoort, namelijk goudbrasem (Sparus aurata), toe. 

1 

2 
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1. San Pawl Milqi; 2. Ġebel Għawżara; 3.Tal-Għazzi, projected upon a digital elevation model of 
the survey transect and adjacent areas in hill shape restitution 

The Ġebel Għawżara site 
The Ġebel Għawżara site consists of several contiguous 
tracts. It is centred round an area with an old olive grove 
and an extensive bamboo bush which is indicative of a 
water source. Earlier, stone troughs and fragments of an 
olive pipper (or trapetum) were found here and during the 
survey a vat cut into a large limestone block was found and 
documented. It belongs to a type well known from other 
Roman villa sites in Malta, including the San Pawl Milqi 
establishment. The survey yielded more than 1,200 artefacts 
from one tract with pottery dating to the Punic, Roman, 
Late Antique and Medieval periods. Two rock-cut graves 
on the garrigue plateau above the site are of Punic or 
Roman date. One of these, with a rounded rock-cut shaft 
giving entrance to an equally rounded burial chamber, may 
even date to the 6th or 5th century BCE. 

1 

2 

3 

Ġebel Għawżara site: 6th or 5th 
century BCE grave on the garrigue 
plateau above the site. 
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This poster presentation offers results of a joint survey project in the northwest of Malta with finds 
ranging from the Prehistoric till the Early Modern period. The project is a trilateral endeavour of the 
Department of Archaeology of Ghent University (Belgium), the University of Malta and the 
Superintendence of Cultural Heritage (Malta) since 2008. It is an intensive systematic field-walking 
survey in a kilometre-wide transect, beyond the main Phoenician and Punic urban centre on the island, 
the present-day Rabat/Mdina. It is interdisciplinary, involving not only archaeologists, but also ceramic 
specialists, geophysicists, geomatic specialists/topographers and geomorphologists. 

Three permanently inhabited sites were encountered dating to at least the late 6th or early 5th century 
BCE, with a clearer attestation in the Hellenistic/Roman period and Late Antique periods. The resulting 
reconstructed settlement pattern of the Phoenician/Punic period suggests a managed landscape that seems 
to be a good reflexion of what is happening in North Africa and elsewhere in the central and western 
Mediterranean. At least from the Roman period on, these sites seem to have specialised on the production 
of olive oil. The poster presentation focuses upon the major site in the survey transect, the Ġebel 
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TREA: INTEGRATED  
NON-INVASIVE SURVEYS OF A  

ROMAN TOWN IN PICENUM  
 

Since 2000, the abandoned Roman town of Trea has been object of a geoarchaeological research project, set 
up by a team of Ghent University (dir. F. Vermeulen) with the aim of actively investigating the human 
occupation of the Potenza river valley in the central part of the Italian region Marche. 

Information about the precise location, extent and urban organization of the Roman municipium of Trea, 
which ancient sources situated on the via Flaminia per Picenum Anconam, a diverticulum of the major Roma-
Ariminum road, was very limited and partly hypothetical, notwithstanding the important Italian research work of 
the past thirty years. After nine years of fieldwork carried out by the Potenza Valley Survey team (UGent), in 
collaboration with the invited team of geophysical experts from the University of Ljubljana (dir. B. Slapšak), this 
situation has radically changed. The combined results of the remote sensing investigations, consisting of 
intensive aerial photography surveys, followed up by surface artefact and topographical surveys and geophysical 
prospections allow at present a near complete mapping of the main urban structures of this town, unquestionably 
located on a dominant plateau.  

The town defences, including several towers and two of the town gates, the internal street network and the 
main public and private buildings have been accurately located and reproduced, also through an innovative and 
fast method of orthophoto generation and georeferencing of the oblique aerial photographs. 

 

 

Trea, town map derived from geophysical, aerial photography and other survey data  
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Since 2000, the abandoned Roman town of Trea has been object of a geoarchaeological research project, set up by a team of 
the University of Ghent with the aim of actively investigating the human occupation of the Potenza river valley in the central 
part of the Italian region Marche. 
Information about the precise location, extent and urban organization of the Roman municipium of Trea, which ancient sources 
situated on the via Flaminia per Picenum Anconam, a diverticulum of the major Roma-Ariminum road, was very limited and 
partly hypothetical, notwithstanding the important Italian research work of the past thirty years. After nine years of fieldwork 
carried out by the Potenza Valley Survey team (UGent), in collaboration with the invited team of geophysical experts from the 
University of Ljubljana, this situation has radically changed. The combined results of the remote sensing investigations, 
consisting of intensive aerial photography surveys, followed up by surface artefact and topographical surveys and geophysical 
prospections allow at present a near complete mapping of the main urban structures of this town, unquestionably located on a 
dominant plateau. The town defences, including several towers and two of the town gates, the internal street network and the 
main public and private buildings have been accurately located and reproduced, also through an innovative and fast method of 
orthophoto generation and georeferencing of the oblique aerial photographs. 

General view of Trea and 
surrounding area. 

1.Main decumanus 
2.Temple 
3.Forum square 
4.Tabernae  
5.Macellum? 
6.Basilica 

Oblique aerial view (2003) and 
transcript of the crop marks of 
the regularly organised east-
central zone of the town. 
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Central area of Trea (results of the resistivity survey Geoscan RM15). 

Potenza valley and surrounding 
area with indication of main 
Roman centres. 

Ancona 

Ricina 

Septempeda

Thermoremanent magnetization:  
bricks, kiln, forge, hearth  

Forum paved with stone slabs? 
Ruination material and/or preserved house floor 
Backyard? 

Walls (induced magnetization) 
Streets/Roads 

3D visualization of architectural remains interpreted on the basis of geophysical survey. 

Tentative reconstruction of the 
urban topography with position 
of the town wall, the urban grid, 
the forum (A) and the 
Serapeum under SS. Crocifisso 
(B). Possible road network 
preceding the Roman 
development of the town 
indicated in red. 

A 

Central area of Trea (results of the magnetic survey Geometric G-858). 

The town wall with arrows  
indicating the remaining 
structures and crop marks.   
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FIRST SURVEY OF HUMAN OCCUPATION 
DYNAMICS IN THE VALLEY OF LA HUERIA,  

PRINCIPALITY OF ASTURIAS  
(NORTHWEST SPAIN),  

USING REMOTE SENSING AND 
GEOMORPHOLOGICAL TECHNIQUES 

 
 

This poster presents the methodology and the first results of a project focused on the study of long term 
human occupation from a landscape perspective. The study is located in La Hueria valley, in the central area of 
the Principality of Asturias (northwest Spain).  

Our research aims to explain La Hueria valley as a single cultural entity throughout time, allowing the 
comparison of the human activity in the valley with its surroundings. 

La Hueria valley has been inhabited by humans from prehistory to the present day. The presence of tumuli, 
dolmens, ancient engravings, Iron Age tools, and a possible Roman road has been already documented in several 
surveys published in the last century, whereas medieval documentation also reports intense shepherding activity 
in this period. Such human activity impacted on the environment in two ways: it accelerated the erosion of the 
valley as well as causing the destruction of other potential prehistoric archaeological sites. This latter case was 
undoubtedly aggravated by the coal mining activity which started to be developed in the 19th century and had its 
production peak between the 1950s and the 1980s. 

The main contributions of our study are two-fold: i) we conducted a first study of the dynamics of land use 
and occupation changes and their impact on La Hueria valley, and ii) we collaborate to complete the Asturian 
Record of Archaeological Sites by documenting such vestiges. For that, we used non-destructive techniques and 
methodologies. Accurate GPS receivers, combined with a high resolution DTM that was later re-sampled to 
5x5m/cell (LIDAR granted by IGN), and remote sensing techniques using geo-radars and satellite images were 
used to locate such vestiges. Furthermore, we used both aerial photographs taken in 1956 and ancient 
cartography (previously used for archaeomorphological studies) to better understand the impact of the mining 
activity. The analysis of this collected data allowed us to draw conclusions about the chronology, typology and 
distribution of human activities. Finally, we conducted an intensive field walk combined with the study of 
stratigraphic profiles, revealed by both the erosive effect of the river and the ditches caused by the construction 
of a public road, in order to better understand the evolution and development of the valley. 
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This poster presents the methodology and the first results of a project focused on the study of long term 
human occupation from a landscape perspective. The study is located in La Hueria valley, in the central area of 
the Principality of Asturias (northwest Spain).  

Our research aims to explain La Hueria valley as a single cultural entity throughout time, allowing the 
comparison of the human activity in the valley with its surroundings. 
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activity. The analysis of this collected data allowed us to draw conclusions about the chronology, typology and 
distribution of human activities. Finally, we conducted an intensive field walk combined with the study of 
stratigraphic profiles, revealed by both the erosive effect of the river and the ditches caused by the construction 
of a public road, in order to better understand the evolution and development of the valley. 
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ROMAN RURAL SETTLEMENTS  
IN THE SPANISH NORTH PLATEAU  

(VILLADIEGO, BURGOS).  
INTRA-SITE SURVEY AND  

METHODOLOGICAL APPROACHES  
 

Throughout the last two years, a project based on artefactual survey and aerial photography has been 
developed in central north Spain for a better understanding of the pre-Roman and Roman landscape in the 
surroundings of Segisamo (Sasamón, province of Burgos, Spain). Since its initial off-site approach the project 
has progressed to new objectives, while maintaining the original interest in the countryside or rural settlement 
pattern, as well as in the ancient land use. In the 2012 campaign, the project directed its attention to Roman 
rural settlements which occupied the banks of the rivers Odra and Brullés so as to exploit the fertile soils. In 
order to prevent flooding or other changes in the river bed, such new sites adopted a common settlement 
pattern on the first terrace over the river bed, detected by oblique aerial photography. The selected sites are 
located in Villavedón and Sandoval de la Reina, both located within the administrative boundaries of 
Villadiego (province of Burgos, autonomous community of Castile and León). 

The first approach to these barely known Roman settlements started with a methodology we have defined as 
Code Per Material (CPM), a GPS register of individual artefacts according to a simple classification code. This 
procedure enables us to obtain a preliminary overview of the nature, extension, site core and haloes of selected 
sites and their surroundings in a short period of time. GPS generates a cloud point that can be filtered 
according to classification codes and analysed by means of spatial analysis looking for patterns of aggregation or 
dispersion which could help to understand the original morphology of buried sites. 

However, a detailed survey is needed to gain a proper understanding of chronological phases and possible 
functional areas, which is the reason why sites are re-surveyed with a traditional grid system and detailed 
collections from each block. Eventually, the results of both surveys are compared by statistical analysis. One of our 
main concerns is the visualization of surface archaeological datasets. Within the project, we want to manage our 
datasets following Tukey's Exploratory Data Analysis (EDA) and to explore multivariate graphic techniques. The 
aim is not only to represent densities but to achieve a visual interpretation of such data in archaeological terms. 

 

Different surveys applied to the same site: artefactual survey, CPM survey, and aerial 
survey at La Mata (Villavedón, Burgos). 
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THE RIVER GUADIAMAR LANDSCAPES. 
HISTORICAL RECONSTRUCTION  

AND ARCHAEOLOGICAL VALORISATION 
 

 
The poster title indicates the name of our current research project in the former mining area of the Guadiamar 

River Valley in south western Spain, funded by the Focus-Abengoa Foundation and led by several researchers 
from the University of Seville (Spain) in collaboration with other scientific institutions, both Spanish and 
European. The project began in 2008 and will be finished by 2014. We believe that this project is of special 
interest for the Colloquium because of the two consecutive stages it comprises: 

1st stage: From Sun to Earth (2008-2010). In this phase, developed in close collaboration between the 
Universities of Southampton (UK) and Seville (Spain), a sample of five complex sites was chosen to perform a 
combined strategy of geophysics (magnetometry and resistivity) and surface sampling. Two of the most 
prominent examples will be shown in this poster. 

2nd stage: Historical Reconstruction and Archaeological Valorisation (2010-2014). After the successful 
experience of the previous stage, a more ambitious scope was designed. In this phase not the sites, but the 
mining landscape itself is the target of our research. According to this aim, the following activities are being 
developed: 

 Intensive off-site survey, with sampling methods and an experimental methodology designed to cover 
broader areas without artefact collection. 

 Extensive slag sampling and analytics all over the river valley, to draw a complete metal characterization 
of the mining activities of the valley from Prehistory to modern times. 

 Paleoenvironmental sampling: several samples are being collected from former lake basins, pits, etc. 
Some preliminary results are ready and they suggest interesting trends in the mining region. 

 At the end, only a small excavation will be done in order to contrast geophysics and sampling results, and 
to take more environmental samples from an archaeological context. 

All the results are finally integrated into a huge GIS database, in order to provide an adequate frame in which 
landscape approaches will be performed. The objective is to understand the formation of this impressive mining 
landscape, from Prehistory to the present day. The preliminary results are perfectly suitable for optimal 
visualisation, which our poster will show. 

Finally, we wish to explain how the project results will be managed by the Focus-Abengoa Foundation in the 
international Campus Focus at Casa Quemada Estate (Seville), which in the next future is intended to become an 
educational and research centre for historical landscapes, while the research at the valley still goes on. 
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A shallow geophysical prospection survey was conducted, 2004, in Canton Fribourg, Switzerland, to relocate 
the buried structural remains of: (a) the earliest chateau built in Estavayer-le-lac and (b) and a Roman villa 
detected through aerial photography and by surface finds. Only ground radar was used in the study. The research 
was successful in the case of (b) whilst the relocation of the early chateau was not confirmed by the geophysical 
results alone. The challenges of applying shallow geophysical methods, in both developed and agrarian locales, 
differ but ultimately must be dealt with to achieve success.  

In the case of the urban chateau prospection, centuries of use, construction-reconstruction in this medieval 
town has obscured most subsurface evidence for the original 12th century chateau. The terrain of the Roman 
structure was an agricultural at the time of the geophysical survey. It presented less in the way of later 
construction which could obscure subsurface features. Although the villa site was identified, geophysically, and 
conforms to the image of the aerial photographs, it has not been confirmed by excavation. Trial excavations prior 
to house construction in the vicinity of the villa, undertaken by the Archaeological Service about 100 m to the 
west of the main building identified by both the aerial photography and the ground radar, were negative and 
indicate that the main building of the villa was not impacted by house construction. 

 
  

 

A radar graphic from Estavayer-le-lac, Place de Moudon, suspected location of the original chateau. 
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ARTIFACT SURVEY COLLECTIONS  
AT IBERIAN SITES  

From the beginning of the 1990s, we have developed a specific method for the conducting of surface 
collections. We have been working at Iberian and Roman sites, trying to find an initial approach to their internal 
complexity through the study of surface items distributed on their terrains. It has not been an easy goal because 
of the amount of items we have to sample on just one site. Thus, it is very important to correctly plan for the 
large scale random sample conditions under which to search a whole Iberian oppidum such as Giribaile. This has 
been the latest study case with a large scale systematic survey that has allowed us to improve our survey 
collection method. 

Meanwhile, we have presented the initial results of our archaeological survey work at the Pajarillo and Giribaile 
sites, a sanctuary and an Iberian town the size of about 14 ha, respectively. Our work has consisted in the 
systematic collection of non-aligned random samples on all available ground surfaces, which is a common 
archaeological research technique to acquire surface data without developing a specific excavation programme, as 
has been the case of Giribaile.  

In order to improve our knowledge about Iberian and Roman social and economic structures, we have defined 
a specific research line based on the importance and  potential historic value of reference surface collections, and 
are trying to combine this approach with archaeological urban and landscape survey campaigns. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The Iberian clear clay pottery distribution at Giribaile.  
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LAND USE AND SETTLEMENT PATTERNS  
IN THE HINTERLAND OF AN  

EARLY MEDIEVAL STRONGHOLD IN  
MIKULČICE-VALY (MIKULČICE, CZECH REPUBLIC,  

9TH – 10TH CENTURY) 

The objective of this poster is to inform about our current research focused on the construction of settlement 
structures in the hinterland of an Early Medieval stronghold in Mikulčice.  

During the 9th century, the first documented Slavic proto-state, Great Moravia, appeared within the territory 
of Central Europe. One of its assumed principal centres was the settlement agglomeration of Mikulčice-Valy. 
This was an extensive fortified settlement lying between two arms of the Morava River (almost 2500 skeletons 
in the neighbourhood of ten churches). Non-fortified agricultural or crafts settlements were found more 
extensively in the nearest economic hinterland, securing the basic needs of the populous agglomerations. 

Our research methodology is based on spatial archaeology and the settlement areas theory. The main 
principle of research is the analysis of the relationship between formal archaeological data and the respective 
geographic space. An important step is archaeological predictive modelling and the testing of models created by 
the introduction of new data. In practical terms, the research is based on our work in GIS environment. 

The starting point is the first general model, the definition of hypotheses that are to be tested. The presentation 
will primarily concentrate on the testing of three basic hypotheses. The first hypothesis states that the settlements 
accumulated in the broader hinterland of the central towns. On the diachronous level, the focus lies on testing the 
hypothesis that the settlement network became denser and more differentiated during the 9th century and collapsed 
in the 10th century. And the last hypothesis we will test is the effect of certain ecological factors (geomorphology, 
geology, hypsometry, hydrology, vegetation) on the structure of the settlement network. 

The second step is the creation of the first preliminary model (parametric and quantitative description of all 
components of the settlement network). The model is tested in two steps: in the first phase, the field research 
within defined microregions concentrates on areas with lower density of components; in the second phase, the 
field research concentrates especially on the areas that are optimal for Early Medieval settlements in terms of 
natural conditions. The basic methods used to acquire the new data (arch. sources) on site will involve non-
destructive archaeology and geophysical prospection.    

The aim of the research in the defined territory is to (re)construct the settlement forms and structures and to 
study the development of the settlement system. The following basic issues will be approached in this poster: a) 
empirical observation of the phenomena – quantification of the functional elements (components) of the 
settlement structure in a defined space and time; b) analysis of the phenomena as inanimate units of the 
archaeological culture – following the development of the relationship between the functional elements 
(components, settlement complexes, non-residential complexes) of the settlement structure and selected 
individual environmental variables (sites and their landscape context), as well as understanding the boundaries of 
the historical settlement complexes; c) interpretation in terms of live culture and historical society – 
(re)construction of the settlement pattern in a given space and time for our understanding of how the settlement 
structure reacted to cultural, political, and economic changes (to changes in ownership). 
  



Research  of land  

Land use and settlement patterns in the hinterland of an Early Medieval 
stronghold in Mikulčice-Valy  

(Mikulčice, Czech Republic, 9th – 10th century) 

     Marek Hladík                 Academy of Sciences of the Czech Republic, Institute of Archaeology Brno, Czech Republic, hladik@arub.cz 

Great Moravia 

Fortified agglomeration Mikulčice-Valy 
and its hinterland 

Research  of land use and settlement patterns 

One principal centres of Great 
Moravia was the settlement 
agglomeration Mikulčice -Valy. 
Here is documented the highest 
concentration of political power 
(almost 2500 skeletons in the 
neighbourhood of ten 
churches). Mikulčice-Valy was 
the centre of an Extensive 
settlement agglomeration, 
which in part occupied the 
flood plain of the Morava. The 
Fortified nucleus of the 
Mikulčice settlement had an 
area of approximately 10 
hectares. It consisted of the 
Fortified enclosure itself-the 
'castle' ('Acropolis' and bailey) 
and the suburbium.  
Non-fortified agricultural or 
crafts settlements were found 
more extensively in the nearest 
economic hinterland and these 
secured the basic needs of the 
populous agglomerations.   

Aims, methodology and research methods 

Non-destructive  reseach  

Conclusions Geophysical prospecting 

Most of them were members of the lower nobility, military retinue, as well as members 
of the serving and farming community ensuring daily routine running of the 
agglomeration. The immediate economic hinterland of central agglomerations contained 
an increasing number of unfortified agricultural or crafts settlements, which secured 
basic needs of populous agglomerations. Based on the current state of knowledge, we 
assume that Great Moravian central agglomerations represented during the Great 
Moravian period (9th – 10th century) supra-comunitarian centres, which were not totally 
autarchic in terms of foodstuffs sources. This starting point represents one of basic 
motivations for the research of the settlement structure in the surrounding of such centres 
and for the effort to understand the relationship of the centre and its economic hinterland. 
Also for the effort to understand the way if using the land by the community farming in 
the agglomeration’s hinterland. 

Agglomeration 
Mikulčice – Valy 
and its hinterland 
 
Morava’s middle 
section  

- Mikulčice – Valy 
- Settlements, burials 
- Streams 
- Potential streams 

Mikulčice - Valy 

1. (Re)construct the settlement forms and structures and study the 
development of the settlement system. 
 

2. Quantification of the functional elements (components) of the settlement 
structure in a defined space and time 
 

3. Following the development of the relationship between the 
functionalelements (components, settlement complexes, non-residential 
complexes) of the settlement structure and selected individual 
environmental variables (sites and their landscape context) 
 

4. (Re)construction of the settlement pattern in a given space and time, 
understanding how the settlement structure reacted to cultural, political, 
and economic changes (to changes in ownership) 

The research methodology is based on holistic approach, spatial archaeology 
and the settlement areas theory. In practical terms, the research is based on 
work in GIS environment and useing statistical analysing. We are testing of 
three basic hypotheses. The first states that the settlements accumulated in 
the broader hinterland of the central “towns”. The second states that the 
settlement network became denser and more differentiated during the 9th 
century and collapsed in the 10th century. The last is the effect of certain 
ecological factors  on the structure of the settlement network. The 
hypotheses  are tested in two steps: in the first phase, the field research 
within defined microregions concentrates on areas with lower density of 
components; in the second phase, the field research concentrates especially 
on the areas that are optimal for Early Medieval settlements in terms of 
natural conditions. The basic methods used to acquire the new data on site 
will involve non-destructive archaeology and geophysical prospection. 

The systematic surface collection and the geophysical 
prospecting was conducted in the area with an „ideal“ 
intersection of natural conditions and it was also an area, in 
which we expected settlement from the Great Moravian 
period based on the state of knowledge of the settlement 
structure in the immediate hinterland of the Mikulčice centre. 
The researched area was located only 3 – 4 km West from the 
agglomeration, at the edge of the floodplain of the river 
Morava. The objective was to research the area at the edge of 
the floodplain of the river Morava using systematic collection 
and geophysical prospecting. This area was intensively 
settled and economically used since the Prehistoric Age. 
A significant concentration of settlement was also 
documented in Early Medieval Age. The exact location of the 
research was determined by the current state of the country. 
The non-destructive research was conducted in two phases. In 
the first phase, we conducted surface collection and then we 
defined the area for the geophysical prospecting based on the 
results of systematic surface collections.  

The surface collections were performed using the method of collection in segmental lines. 
At the start, I dividid the researched area into 11 polygons in the GIS environment. Using 
systematic surface collection at the site Padělky od vody in the cadaster of Moravská Nová 
Ves, we researched a total area of 12.52 ha. All 11 polygons contained traces of prehistoric, 
as well as early medieval settlement. The prehistoric and early medieval settlement copies 
the slope, which gently rises from the bottonland. Below this slope, findings were found 
only sporadically. Given the terrain configuration, they are most likely a secondary 
transported material. The settlement intensity also decreases significantly at a distance of 
approximately 300 m from the foot of the slope away from the floodplain. The settlement 
from prehistoric and historic periods was concentrated at two small elevations on the edge 
of the floodplain of the river Morava. Based on the concentration of ceramics, we 
conducted geophysical prospecting on one of the elevations.  

The prospecting was performed by Peter Milo from the Inst. of 
Arch. and Mus. of the FA of Masaryk University in Brno using 
magnetometry. Using geophysical prospecting, we researched 
a total area of 3.05 ha. The magnetic research recorded almost 
300 anomalies, which may be considered archaeological 
objects. The variability of the shapes of the localised objects 
starts with spatially small structures of a circular or oval shape 
with dimensions up to 2 m2.  

The systematic surface collection and geophysical prospecting expanded our 
knowledge of the intensity and nature of the settlement on the river Morava’s 
river terrace. The surface collection and geophysical prospecting with an 
uncertainty rate inherent to these methods confirmed the assumption of 
localising another Early Medieval settlement at this area and defined an area 
of ca. 3 ha, which is likely to reveal housing or farming structures from Early 
Medieval Ages if standard archeological research is performed. The material 
obtained using surface collections comes from the Great Moravian period. 
Given the fact that the excavation site is very multicultural (very strong 
evidence of Laten and Germanic settlement), a more accurate dating and 
a functional interpretation of components is only possible by destructive 
research. It is virtually impossible to comment on the structure of the 
settlement at the location and its function in the economic hinterland of 
Mikulčice given the multicultural nature of the location. The individual 
development phases of the settlement overlap. Clusters of different objects 
can be observed virtually everywhere. The intensity of settlement decreases 
in the direction of the floodplain. The edge of the settled area was 
documented in the Eastern direction. The settlement density does not change 
in the Western direction (as documented by aeroplane images).  
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The biggest structures range from 8 to 20 m2. There are about 30 of 
them on the magnetogram. Some of them have regular rectangular or 
quadratic floor plan. The shape of these objects allow their 
interpretation as recessed huts. For structures with rectangular floor 
plan, we are inclined to date them back to the Laten and Roman period. 
The object with square-ish floor plan could belong to the medieval 
phase of the site’s settlement. However, there are few objects of this 
nature at the site (ca. 10). Typological or chronological classification of 
these objects is impossible. The nature of the highly magnetic structure 
from the West edge of the reserached area remains questionable. This 
object is 10 m wide and 30 m long. However, the longer side of the 
structure was researched only partially. A recent structure cannot be 
excluded; however, we are inclined to interpret it as an archaeological 
structure. For example, it might be a hall structure destroyed by fire.  

The Slavic population settled and concentrated in the area of 
Danube’s middle section as early as the turn of the 5th and 6th 
century. Over the centuries, there emerged one of the crystallisation 
nuclei of the first historically-documented Slavic proto-state, the 
Great Moravia. At the time of its greatest political conquests (Duke 
Svatopluk, 871-894), this 'empire' encompassed the area that today 
includes Bohemia, Moravia, Slovakia, northern Austria, Pannonia, 
part of the land of the Avars (in the Tisza valley), Lusatia and 
Malopolsko. Fortified agglomeration centres inhabited by the social 
nobility were surrounded by open settlements. These settlements 
concentrated the population whose social status was derived from 
their relationship to the elite based on the centre of the agglomeration.  
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There are around 150 
objects in the researched 
area. They are settlement 
objects of a different 
nature, especially hollow 
settlement pits. Several 
structures of circular floor 
plan may be interpreted as 
storage pits. There were 
around 100 medium-sized 
objects with dimensions 
from approx. 2 to 8 m with 
irregular or oval floor plan 
localised. The anomalies 
with high magnetic values 
reveal objects like furnace 
or fireplace, or recessed 
objects with highly 
magnetic fills (burned 
materials, organic 
remains).  
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9TH – 10TH CENTURY) 

The objective of this poster is to inform about our current research focused on the construction of settlement 
structures in the hinterland of an Early Medieval stronghold in Mikulčice.  

During the 9th century, the first documented Slavic proto-state, Great Moravia, appeared within the territory 
of Central Europe. One of its assumed principal centres was the settlement agglomeration of Mikulčice-Valy. 
This was an extensive fortified settlement lying between two arms of the Morava River (almost 2500 skeletons 
in the neighbourhood of ten churches). Non-fortified agricultural or crafts settlements were found more 
extensively in the nearest economic hinterland, securing the basic needs of the populous agglomerations. 

Our research methodology is based on spatial archaeology and the settlement areas theory. The main 
principle of research is the analysis of the relationship between formal archaeological data and the respective 
geographic space. An important step is archaeological predictive modelling and the testing of models created by 
the introduction of new data. In practical terms, the research is based on our work in GIS environment. 

The starting point is the first general model, the definition of hypotheses that are to be tested. The presentation 
will primarily concentrate on the testing of three basic hypotheses. The first hypothesis states that the settlements 
accumulated in the broader hinterland of the central towns. On the diachronous level, the focus lies on testing the 
hypothesis that the settlement network became denser and more differentiated during the 9th century and collapsed 
in the 10th century. And the last hypothesis we will test is the effect of certain ecological factors (geomorphology, 
geology, hypsometry, hydrology, vegetation) on the structure of the settlement network. 

The second step is the creation of the first preliminary model (parametric and quantitative description of all 
components of the settlement network). The model is tested in two steps: in the first phase, the field research 
within defined microregions concentrates on areas with lower density of components; in the second phase, the 
field research concentrates especially on the areas that are optimal for Early Medieval settlements in terms of 
natural conditions. The basic methods used to acquire the new data (arch. sources) on site will involve non-
destructive archaeology and geophysical prospection.    

The aim of the research in the defined territory is to (re)construct the settlement forms and structures and to 
study the development of the settlement system. The following basic issues will be approached in this poster: a) 
empirical observation of the phenomena – quantification of the functional elements (components) of the 
settlement structure in a defined space and time; b) analysis of the phenomena as inanimate units of the 
archaeological culture – following the development of the relationship between the functional elements 
(components, settlement complexes, non-residential complexes) of the settlement structure and selected 
individual environmental variables (sites and their landscape context), as well as understanding the boundaries of 
the historical settlement complexes; c) interpretation in terms of live culture and historical society – 
(re)construction of the settlement pattern in a given space and time for our understanding of how the settlement 
structure reacted to cultural, political, and economic changes (to changes in ownership). 
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ICONICARCHIVE – LA LIGNE MAGINOT 
 
 

The poster is focused on a very simple to use GIS-module, part of our database-system www.iconicarchive.ch. 
The application example is an aerial photography project of a large site: the southern sector of the Ligne Maginot 
in Alsace, built around the year 1940 as defence of the French western border. This sector is composed by more 
than a 100 bunkers, shelters, and blockhouses. Many of them are difficult to find and to access, some endangered 
or destroyed. The aim of the project is a complete photographic documentation (work in progress) and the 
visualization of the locations and their strategic distribution. Though this is archaeology related to a more recent 
past, the concept can be applied to any other site, i.e. Limes studies or distribution of pottery. 

The philosophy of „iconicarchive“ is based on the EXIF- and XMP-data of digital photographs, where all 
required information (photographer, copyright, thematic keywords, datation, origin, place of finding, place of 
storage etc.) can be stored. GIS-data are part of our system and stand for its concept: 

People can take photographs with GPS-data (with a smart-phone or a camera with GPS-logger) which serve 
as references. Based on these references they later tag their photographs (from another camera, for example), 
taken during survey or any other documentary activity in the field. GEO-tags will be written in the EXIF-data of 
the selected photographs, together with the keywords and other information. Raw-files are handled as „digital 
negatives“, copies in DNG or TIF are destined for archiving, and JPEGs for internet use. 

The JPEG files are loaded on our database and linked to a geographical or thematic tree, from where it is then 
possible to select the section one wants to display on a map, for example: France/Alsace/Ligne Maginot/ Secteer 

Altkirch (screen shot on the left): 
http://www.iconicarchive.ch/travels
/overview.php?source=116&term=
Ligne+Maginot. 
With one click on the small globe, 
all GIS-data are collected and 
jointly sent to an online map 
service, such as Google Maps, 
where an exact map of the selected 
monuments is automatically gene-
rated and displayed. This map, 
together with the selected files, 
including previews and keywords, 
can be sent by using a simple link: 
http://maps.google.com/maps?f=q

&source=s_q&hl=de&geocode=&q=http://www.iconicarchive.ch/maps/9c435c04d16f04829dde5df4ac36ab99.k
ml&t=k&z=10.  

In our example, the map shows the location and distribution of the fortifications. This contributes to the 
preservation of the sites and allows further studies on the strategy of the Ligne Maginot in the selected sector. 
  

 



ICONICARCHIVE – 
LA LIGNE MAGINOT

Geodata
GPS-data on maps. According to the main philosophy of the stystem, 
geo-tags are stored in the EXIF-data of photographs, together with the 
keywords and other required information. 
� e jpeg-copies of the main � les are loaded on the database, then linked 
to a geographical tree. With one click, the localization of any selection of 
images can be visualized on a map. � e procedure is illustrated with the 
forti� cations of the Ligne Maginot around Basel. 

Iconicarchive 
«iconicarchive» is a project aimed to provide images for research and teaching 
within a simple and easy-to-use structure. � e system o� ers the possibility to 
search for images by keywords or by browsing through a topographic tree. 
� e philosophy of „iconicarchive“ is based on the EXIF- and XMP-data of 
digital photographs, where all relevant information (photographer, copyright, 
thematic keywords, datation, provenance etc.) is stored. Inherent metadata 
ensure long term archiving, autonomy of complicated structures of databases 
and simpli� cation in the exchange with other projects. 

La Ligne Maginot  
Secteur défensif 
d’Altkirch
� e southern sector of the Ligne Maginot in Alsace, the Secteur défensif 
d’Altkirch, was mainly build in the years 1937-1939. � is sector is located 
in a triangle of 20-20-30 kms and contains more then 100 bunkers, shelters, 
blockhouses. � e military aim was to protect the French border against a 
possible marching in of the German army through the Swiss city of 
Basel. In case of an attack, the French artillery had � rst the task to destroy 
the bridges over the Rhine in Basel, then to open � re against approaching 
troups. Since the Treaty of Paris (1815), France was not allowed to build 
strong forti� cations nor to install heavy artillery closer then 15 kilometers 
to Basel. � us, the main defence work is placed within this distance around 
the Swiss city. 

PD Dr. phil. Othmar Jaeggi

lic. phil André Barmasse

University of Basel – Switzerland

Departement Altertumswissenscha� en

Petersgraben 51

CH-4051 Basel – Switzerland
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AN APPROACH TO TOPOGRAPHIC 
MODELLING OF CAESARAUGUSTA  

(CENTRAL EBRO BASIN)  
FROM HISTORICAL CARTOGRAPHY AND  

THE CREATION OF DIGITAL  
ELEVATION MODELS (DEMS) 

 

Caesaraugusta was founded in the 1st century BC near the Ebro River, in the NE of Spain, on a location 
previously occupied by an Iberian settlement (Salduie). The urban area covered a Quaternary fluvial terrace at 
the confluence of the rivers Huerva and Ebro, with varying heights between 208 to 200 masl, and the settlement 
situated about 10 m above those fluvial beds. There are numerous remains of the town wall and towers dating 
back to the 3rd century AD. 

The original topography has been severely modified, especially during the last decades of our time. That is 
why the current town surface does not allow for the modelling of the morphological landscape where the 
Romans decided to build their town in the past. For this reason, we have used the topographic map drawn by 
Casañal in 1880 with a 1:1000 scale and 0.5 m equidistant contour lines. This map was drawn previously to the 
major transformations suffered by the town since the end of the 19th century. This cartographic information has 
been georeferenced, digitized and incorporated into GIS. Digital Elevation Models have been built from this 
information. These 3D models show many fine topographic features that in previous maps were overlooked and 
allow a better approach to the topography on which Caesaraugusta was built. However, we have to admit that 
these models can only be used for very general reconstructions. Several high topographic units appear. They 
have NNE-SSW direction and they are separated by intermediate gullies where probably small streams ran 
towards the Ebro River. The Cardo Maximus was drawn along one of these drains, while the Decumanus 
Maximus is transversal to them. The sewer network is also adapted to these topographic features; sewers drain 
towards the Ebro River, except of the ones in the NE sector that point to the Huerva River. Other elements, such 
as the layout of the wall or possible defending moats can also be seen in this cartography. 

As a conclusion we can say that historical maps with good resolution and incorporated in appropriate 
software can be very useful to enhance our knowledge of the ancient topography of important settlements that 
later have suffered significant transformations, as is the case of Roman towns. 
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software can be very useful to enhance our knowledge of the ancient topography of important settlements that 
later have suffered significant transformations, as is the case of Roman towns. 
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USING PREDICTIVE MODELLING METHODS  
AS A WAY OF EXAMINING  

PAST SETTLEMENT PATTERNS:  
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Undoubtedly, spatial analysis using GIS applications has become increasingly important in archaeological 
research. Archaeological Predictive Modelling (APM) plays a crucial role among those GIS techniques. The 
main goal of APM is to create predictive distribution maps of occurrence of archaeological sites on the basis of 
known archaeological records and their link to environmental or cultural predictors used in modelling. This gives 
to CRM (Cultural Resource Management) a real opportunity to protect archaeological remains and to prevent 
them from damage. That is the main concept of North American predictive modelling approaches. On the other 
hand, developing Archaeological Sensitivity Maps also helps scientists to plan for field surveys. The use of 
predictive modelling has a different methodological approach in Europe, where it is an attempt to understand 
settlement patterns and factors that may have influenced site location in the past.  

 The aim of this presentation is to show how valuable a combination of the two mentioned concepts of 
predictive modelling (North Americans and European) can be to simulate and visualize prediction maps. This is 
why I chose for this project an area in southern Poland that lies between two river basins: the ones of the Oława 
and the Ślęza. The examined area is morphometrically quite diversified – from the flat area in the North and 
close to river valleys, to the hilly area in the central and eastern part. These features of the selected territory suit 
the predictive modelling method well and give an opportunity to study complex environmental factors that may 
have influenced past settlement. The archaeological dataset used in modelling comes from the field survey 
record stored in the database of the Polish Archaeological Record (PAR /Polish name: Archeologiczne Zdjęcie 
Polski, AZP). 

 For modelling purposes I selected two datasets representing sites from different periods: Neolithic and 
Medieval (Early and Late). This approach allows to minimize the modelling and analysing effort and also to 
examine the differences between settlement patterns in these periods. In the preliminary process a variety of 
environmental and cultural factors obtained using typical GIS procedures were used to determine past settlement 
preferences. Variables were examined to identify their potential influence on site location. Statistical analysis 
(e.g. density plots, correlation coefficients, etc.) was used for this purpose. The best subset of factors was 
selected and included in different types of statistical modelling procedures. After comparing the accuracy of the 
models, the best modelling method (with stronger predictive power) was chosen. As a result of the analysis the 
predictive distribution maps of archaeological sites were obtained. 
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1. INTRODUCTION
Spatial analysis using GIS applications has become increasingly important in archaeological rese-
arch. Archaeological Predictive Modelling (APM) plays a crucial role among those GIS techniques. 
�e main goal of APM is to create predictive distribution maps of occurrence of archaeological sites 
on the basis of known archaeological records and their link to environmental or cultural predictors 
used in modelling. �is gives to CRM (Cultural Resource Management) a real opportunity to protect 
archaeological remains and to prevent them from damage. �at is the main concept of North Ame-
rican predictive modelling approaches. On the other hand, developing Archaeological Sensitivity 
Maps also helps scientists to plan for �eld surveys. �e use of predictive modelling has a di�erent 
methodological approach in Europe, where it is an attempt to understand settlement patterns and 
factors that may have in�uenced site location in the past. 

�e aim of this presentation is to show how valuable a combination of the two mentioned 
concepts of predictive modelling (North Americans and European) can be to simulate and visual-
ize prediction maps. Two regression modelling methods: Generalized Linear Model (GLM) and 
Generalized Additive Model (GAM) are examined here for their ability to analyze and predict ar-
chaeological sites locations.

2. RESEARCH AREA
�e area selected for this project is located in the southern part of Poland that lies between two river basins: the ones of the Oława 
and the Ślęza. �e examined area is morphometrically quite diversi�ed – from the �at area in the North (Wrocław Plain) and close 
to river valleys to the hilly area in the Central and Eastern part (Niemcza-Strzelin Hills). Most of this area belongs to the mesoregion 
of Niemcza-Strzelin Hills which are part of the Sudetes Foreland (Fig. 1).

�e studied area comprises 797,766 km2 and its elevation value ranges from 143,31 to 395,01 meters above sea level. Slope gradient 
oscillates from 0 degree in �at areas up to 26 degrees in hilly areas.

Period
type of site

all_sites
perm_site temp_site

Neolithic 255 353 608

Medieval 323 648 971

TOTAL 578 1001 1579

Table 1. Archaeological sites classified into permamently settled (perm_site) and 
temporarily settled (temp_site)

4. MODELLING PROCEDURES
In this project two logistic regression models are used and compared: GLM and GAM. �e GLM 
models comprise an extension of the linear model that can cope with abnormal distribution of the 
response variable. On the other hand, the GAM models are non-parametric extensions of the GLM, 
and a �exible and automated approach to identifying and describing non-linear relationships betwe-
en variables and response terms. One more advantage of using the GAM is the possibility to smooth 
variables using e.g. spline smooth function. All statistic computation was done using MGET (Marine 
Geospatial Ecology Tools) geoprocessing toolbox for ArcGIS so�ware that provide easy access to R 
statistics program. General sequence of modelling steps is shown in the �owchart diagram in Fig. 2. 

5. BUILDING THE MODEL

5.1. Explanatory data analysis and selecting the 
appropriate independent variable
�e �rst stage in building predictive models was a selection of the signi�cant independent variables. 
To do this, values of the variable rasters were �rst sampled at the presence and absence points. Next, 
density histograms were constructed to determine the in�uence of each variable on the presence and 
absence points and to understand the variable’s distribution (Fig.3). Density plots allow de�ning if 
presence and absence locations are statistically separated and indicate what particular variable values 
were preferred or avoided by the past human settlement. Density plots are also useful to detect if any 
of input variable needs to be transformed. In this example only LS-factor was heavily skewed and 
was corrected to a large extent by log transformation for the purpose of statistical testing. 

To be sure that none of the selected variables are correlated, 
a Person correlation matrix were performed. �e Person 
correlation coe�cient matrix show that most variables are 
uncorrelated, except 3 pairs: TRI - LS, TRI – TWI and stre-
am56 – dem which are moderately correlated  (Table 3).

Fig. 3. An example of density plots for distri-
bution of the morphometric  values for the 
whole area (0) and at the location of archaeolo-
gical sites (1): A – variable STREAM56 and me-
dieval permament sites; B – variable TWI and 
neolithic temporal sites.

3.2. Enviromental and cultural variables (predictors) 
Digital Elevation Model (DEM) was obtained by manual digitalization of the contour lines and the spot heights 

from maps (scale 1:25 000). �e elevation data were interpolated with the use of ANUDEM algorithm, using ArcGIS 
so�ware and therefore DEM with a 10 m spatial resolution (grid size) was generated.  

For analysis and modeling 11 environmental variables were chosen: 10 maps represent hydro-morphological terrain 
attributes and 1 map shows soil types. A di�erent group of factors is the set of cultural variables that are contained 
in only two maps – they display visibility and distance from political and administrative centres (castle, fortress or 
forti�ed settlement). For each raster layer a moving average �lter with a 3 x 3 cell window was applied.  For detailed 
information on each variable see Table 2.

5.3. Model evaluation
To measure performance of the models the Receiver Operating 
Characteristic was used. �is statistic is usually abbreviated as 
an area under the ROC curve function (AUC) and is most widely 
used to measure the model prediction accuracy. �e AUC value 
ranges from 0.5 to 1, where 0.5 indicates that prediction is no bet-
ter than random, while an AUC score close to 1 indicates perfect 
presence-absence prediction. �e AUC scores were calculated using 
withholding 20 % of testing data. �e AUC results are summarized 
in Table 4. 

7. CONCLUSIONS
1. Predictive modelling can be consider as a great tool for archaeologists in settlement research.
2. Variety of methods and ways of prediction should be taken into account to understand di�erent results and their me-
aning for the interpretation better.
3. Results should be checked for their reliability and, in spite of the statistical evaluation of the model (e.g. AUC), the mo-
dels need to be very�ed during �eld surveys.
4. It is necessary to estimate the accuracy of the models not only for chronologically di�erent sites (prehistoric and histo-
rical), but also for di�erent site types (e.g.  temporarily settled, permanently settled, hunter shelter, monuments etc.).
5. Every result of predictive modelling and GIS work must be interpreted carefully because it represents only simpli�ed 
part of present reality that may di�er from that what was in the past.

Fig. 5. Final 
probability 
maps of site oc-
curence for two 
examined pe-
riods: Neolithic 
and Medieval 
Age, combining 
permanently 
and temporarily 
settled sites 
predictions

3. MATERIALS AND METHODS
�e computational and statistical analysis framework used in this project consisted of available GIS 
procedures. GIS so�ware was used for building an archaeological database, creating digital maps, 
exploratory data analysis, construction and evaluation of predictive models and also for drawing 
maps of probability of site occurrence. A general organization of research procedures is presented in 
Fig. 2.

3.1. Archaeological dataset
�e archaeological dataset used in modelling comes from the �eld survey record stored in the data-
base of the Polish Archaeological Record (PAR /Polish name: Archeologiczne Zdjęcie Polski, AZP).  
Information about location of archaeological sites was obtained from 28 scanned PAR map sheets. 
Each map was georeferenced and the archaeological sites marked on these maps were manually digita-
lized. �us a point vector layer representing site location in the shape�le format was created. �e total 
number of sites was recorded. Nevertheless, only two datasets were selected for modelling purposes. 
�e chosen data represent sites from two di�erent periods: Neolithic and Medieval (Early and Late). 
On the basis of archival documentation, each archaeological dataset was classi�ed into temporarily 
or permanently settled sites. �is approach allows to minimize modelling and analysing e�ort and 
also to examine the di�erences between settlement patterns in these periods for di�erent site types. 
Site numbers, periods and types are shown in Table 1..

3.3. Absence/background points
�e last step of data preparation was generation of absence points, because chosen 
modeling algorithms require absence data (the GLM and the GAM). For each set 
of presence site location 5 times more absence points, distributed randomly, lying 
outside 500 m bu�er zone of presence site were generated. �ese pseudo-absence 
locations are treated in quantitative analysis as a background data. However, it is 
worth noticing that background data are rather attempting to characterize envi-
ronments in the study region than to guess absence location. In classical regression 
methods absence or pseudo-absence data are used to �t and evaluate the model.

Fig. 1. Map of reasearch area. Topographic relief with location of archa-
eological sites

5.2. Model fitting: GLM and GAM models
A�er the input variables had been selected they were �tted do the GAM and the GLM models with logit link func-
tion and binomial distribution. �e following formula syntaxes show an example of this procedure expressed in R 
programming language: 
GLM: pres ~ dem _ av + log(ls _ inf) + twi _ inf + stream12 + stream34 + stream56 + dir _ srad + soils 

+ landform + alt _ above + TRI + visibility + cstl _ fortd

GAM: pres ~ s(dem _ av) + s(log(ls _ inf)) + s(twi _ inf) + s(landform) + s(visibility) + s(stream12) + 

s(stream34) + s(stream56) + s(soils) + s(dir _ srad) + s(alt _ above) + s(TRI) + s(cstl _ fortd)

 Explanation: s(variable) – smoothing spline

To �t the model only 80% of training data (presence-absence sites randomly selected) were used.
Once the variables were added to each model, the backward stepwise regression procedure was used. �is procedure 

is based on AIC (Akaike Information Criterion) that automatically estimates importance of each variable and selects 
the best variable combination by deleting and adding sequentially each variable, so that it improves the model. Selected 
and signi�cant variables, included in the �nal models, are marked in  Table 4.

6. RESULTS
�e performance of the predictive models shows that statistically the GAM models give better predictions than the GLM models (the results are shown in 
Table 4), but all models could be considered as  good ones (AUC > 0.7). For each of selected periods and site types the GAM model results in the AUC values 
that range from 0.758 up to 0.888, while the GLM models for the same site locations give smaller AUC ranging from 0.653 to 0.765. �e variations are seen not 
only in the AUC scores but also in the selection of the signi�cant variable during backward stepwise procedure. �is selection, like other previously mentio-
ned explanatory analyses, could help to detect meaningful variables (environmental and/or cultural) with p value < 0.1 that might in�uence site locations. 

In spite of the fact that all variable maps chosen for this project appeared to be good candidates for examining past settlement patterns, some of them 
are describing the complexity of archaeological site distribution much better than others. Like e.g. the GLM model for Neolithic permanently settled si-
tes selected 8 signi�cant variables: elevation, altitude above channel network, LS factor, wetness index, terrain ruggedness index, 2 classes of stream order 
(stream12 and stream34) and visibility index. Somewhat alternative choice for this sites presents the GAM model, where LS factor and wetness index were 
not taken into account, but landform, soil types and last stream order (stream56) appeared to be signi�cant. �is example shows that the results should be 
carefully examined for their reliability.
�e di�erences described above can be seen in the resulting prediction maps prepared for four selected site locations (Fig. 4). 

�e GAM models were selected to produce the binary probability (0-1) maps (for all four archaeological datasets) using cut-o� value provided by the 
AUC/ROC statistics. �ese maps were next used to create 2 �nal maps for Neolithic and Medieval periods combining permanently and temporarily settled 
sites predictions (Fig. 5).

ABBREVIATET NAMES of 
EXAMINED VARIABLES

EXPLANATION & 
INTERPRETATION METHOD SOFTWARE

EN
V

IR
O

M
EN

TA
L 

dem Elevation [m] DEM calculated using ANUDEM algorithm ArcGIS

alt_above Altitute above channel 
network [m] elevation related to the surface of initial point of the drainage network SAGA GIS 

dir_srad Direct solar radiation 
[WH/m2] calculated for the shortest day (22. XII) using Area Solar radiation tool ArcGIS

ls_inf LS factor - transport 
capacity index

�ow direction was calculated using D-in�nity algorithm;equation: LS 
= (As/22.13^0.6 (sinS/0.0896) 1̂.3, where As is speci�c catchment area, 

S is local slope 
TAS GIS

twi_inf Topographic wetness 
index 

�ow direction was calculated using D-in�nity algorithm; TWI was 
calculated using equation: ln(As/tanS), As-speci�c catchment area, S- 

local slope
TAS GIS

TRI Terrain rugedness 
index

calculated using Focal neighbourhood statistic and raster calculator 
equation (max_elevation - min_elevation) ArcGIS

landform Landform classi�cation 
(10 classes)

classi�cation is based on calculation of Topographic Position Index 
(TPI) for smaller and larger neighborhood (Weiss 2001; Jenness 2006) ArcGIS

soils Soil type classi�cation 
(15 classes) conversion vector to raster ArcGIS

stre-
am 

order

stream12 Proximity of sites to 
Strahler stream order 

classi�cation [m]

streams were generated using D8 algorithm; arti�cial features were re-
moved and streams order were classi�ed into 3 classes (1 class:streams 
1-2, 2 class: streams 3-4; 3 class: streams 5-6); from each class proximty 

was calculated using Euclidean distance

ArcGISstream34

stream56

C
U

LT
U

R
A

L visibility Visibility index [%] spatial pattern of the number of visible cells (Franklin and Ray, 1994) TAS GIS

cstl_fortd

Proximity of sites to 
forti�ed places (politi-
cal and administrative 
places). [m] USED only 
for middle age’s sites.

calculated using Euclidean distance ArcGIS

Table 2. Description of environmental and cultural variables used for analysis
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twi_inf

period and site type

dem

alt_above

dir_srad

ls_inf

TRI

landform

soils

AUC score of 

model 

visibility

cstl_fortd

0.729 0.653

period and site type

0.788 0.888 0.814 0.758

the most significant variable has 

p(value) < 0.1, selected during 

variable not used in modelling

GLM

EXAMINED 

VARIABLE

GAM

stream12

stream34

stream56

0.702 0.765

Table 4. Results 
of regression 
modelling (AUC) 
and selection of 
variables used in 
final models.  

dem alt_
above ls twi dir_

srad TRI stre-
am12

stre-
am34

stre-
am56 soils landform visibility cstl_fortd

dem 1 0.35 0.09 0.29 0.10 0.16 0.02 0.24 0.54 0.49 0.12 0.09 0.04
alt_above 0.35 1 0.08 0.42 0.11 0.32 0.37 0.28 0.24 0.36 0.52 0.40 0.10

ls 0.09 0.08 1 0.04 0.06 0.54 0.09 0.01 0.09 0.05 0.25 0.15 0.01
twi 0.29 0.42 0.04 1 0.02 0.56 0.15 0.09 0.21 0.41 0.31 0.00 0.10

dir_srad 0.10 0.11 0.06 0.02 1 0.04 0.04 0.01 0.03 0.03 0.07 0.05 0.02
TRI 0.16 0.32 0.54 0.56 0.04 1 0.01 0.04 0.04 0.26 0.07 0.14 0.06

stream12 0.02 0.37 0.09 0.15 0.04 0.01 1 0.11 0.03 0.15 0.38 0.23 0.01
stream34 0.24 0.28 0.01 0.09 0.01 0.04 0.11 1 0.04 0.15 0.04 0.32 0.02
stream56 0.54 0.24 0.09 0.21 0.03 0.04 0.03 0.04 1 0.24 0.00 0.15 0.19

soils 0.49 0.36 0.05 0.41 0.03 0.26 0.15 0.15 0.24 1 0.25 0.00 0.04
landform 0.12 0.52 0.25 0.31 0.07 0.07 0.38 0.04 0.00 0.25 1 0.37 0.04
visibility 0.09 0.40 0.15 0.00 0.05 0.14 0.23 0.32 0.15 0.00 0.37 1 0.11

cstl_fortd 0.04 0.10 0.01 0.10 0.02 0.06 0.01 0.02 0.19 0.04 0.04 0.11 1

Table 3. Pearson 
correlation matrix of 
examined variables
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Fig. 4. Spatial prediction of GLM and GAM models  for four site types: neolithic temporarily settled (neolithic_temp), neolithic permamently settled (neolithic_perm), medieval temporarily settled (medieval_temp), medieval permamently settled (medieval_perm)
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Fig. 2. Schematic workflow diagram showing the analysis procedures
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Undoubtedly, spatial analysis using GIS applications has become increasingly important in archaeological 
research. Archaeological Predictive Modelling (APM) plays a crucial role among those GIS techniques. The 
main goal of APM is to create predictive distribution maps of occurrence of archaeological sites on the basis of 
known archaeological records and their link to environmental or cultural predictors used in modelling. This gives 
to CRM (Cultural Resource Management) a real opportunity to protect archaeological remains and to prevent 
them from damage. That is the main concept of North American predictive modelling approaches. On the other 
hand, developing Archaeological Sensitivity Maps also helps scientists to plan for field surveys. The use of 
predictive modelling has a different methodological approach in Europe, where it is an attempt to understand 
settlement patterns and factors that may have influenced site location in the past.  

 The aim of this presentation is to show how valuable a combination of the two mentioned concepts of 
predictive modelling (North Americans and European) can be to simulate and visualize prediction maps. This is 
why I chose for this project an area in southern Poland that lies between two river basins: the ones of the Oława 
and the Ślęza. The examined area is morphometrically quite diversified – from the flat area in the North and 
close to river valleys, to the hilly area in the central and eastern part. These features of the selected territory suit 
the predictive modelling method well and give an opportunity to study complex environmental factors that may 
have influenced past settlement. The archaeological dataset used in modelling comes from the field survey 
record stored in the database of the Polish Archaeological Record (PAR /Polish name: Archeologiczne Zdjęcie 
Polski, AZP). 

 For modelling purposes I selected two datasets representing sites from different periods: Neolithic and 
Medieval (Early and Late). This approach allows to minimize the modelling and analysing effort and also to 
examine the differences between settlement patterns in these periods. In the preliminary process a variety of 
environmental and cultural factors obtained using typical GIS procedures were used to determine past settlement 
preferences. Variables were examined to identify their potential influence on site location. Statistical analysis 
(e.g. density plots, correlation coefficients, etc.) was used for this purpose. The best subset of factors was 
selected and included in different types of statistical modelling procedures. After comparing the accuracy of the 
models, the best modelling method (with stronger predictive power) was chosen. As a result of the analysis the 
predictive distribution maps of archaeological sites were obtained. 
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DEVELOPMENT AND USE OF A  
4D GEOGRAPHIC INFORMATION SYSTEM TO 

SUPPORT THE CONSERVATION OF THE 
CALAKMUL SITE (MEXICO) 

The central objective in this project was to develop an Information Management System to support the 
conservation management of the Calakmul Biosphere Reserve in Yucatan (Mexico).  

It now contributes to the planning, zoning, analysing, monitoring and reporting tasks of the UNESCO site 
managers (both on a national level and towards UNESCO) and helps them in making the inventory and 
assessment of the resources and facilities. An online tool facilitates communication with local stakeholders and 
visitors in order to promote a sustainable use of the site. This management tool provides viewing and querying 
functions, as well as limited analysis for 2D GIS layers, 3D archaeological data and various forms of 
photographic and written documentation, and it integrates large and small scale information over a myriad of 
time periods.  

Innovative methods and data models were elaborated to integrate archaeological and ecological data from 
various spatio-temporal granularities. The system was built on open source elements and includes ample tools to 
create, store, catalogue, share and disseminate data. Special attention was put into a couple of datasets. The first 
was the creation of land use maps for the entire Biosphere Reserve to enable proper detection and mapping of 
land use changes and their consequences. Secondly, a dedicated database was constructed to store information 
about archaeological objects found on the site. This database was enhanced to enable spatio-temporal searches 
and thus reflects the efforts, made during the project, to define a data model that can be used with the triangular 
model for spatio-temporal analysis. This analysis was the result of an in-depth research effort during the project. 

During two field missions a full topographic survey of the Plaza Central of the archaeological site was 
conducted. This resulted in high quality base maps of the site and a full 3D model of the most important 
structures, including the so called Structure II, the principal temple of Calakmul. Inside the temple, scanning 
techniques and photographic surveys were combined to capture two bas-reliefs. By using an innovative approach 
called structure from motion, these were combined into detailed 3D models of the bas-reliefs. 

As a result of all this, the management system could be provided with a broad variety of data, allowing it to 
be used as a central access point for information regarding the Calakmul Biosphere Reserve and the Calakmul 
archaeological site. 
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Development and use of a 4D Geographic Information System to support the conservation of the Calakmul site (Mexico)
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cALAKmUL

Just north of the Mexican-Guatemalan border, in the 
middle of the peninsula of Yucatan, lies the 1.8 mil-
lion-acre Calakmul Biosphere Reserve. Calakmul har-
bors the largest traces of tropical forest in Mexico.
In addition, Calakmul contains several archeologi-
cal centers, including Calakmul, which is the most 
important. That pre-Colombian city, one of the larg-
est-known Maya sites, has been registered on the 
World Heritage List (cultural part) in 2002. More than 
6000 structures and 100 steles were found in Calakmul 
in an area of 70km².

The aim of the project is 
to develop a management 
system serving the con-
servation management in 
terms of planning, zoning, 
analysing, monitoring and 
reporting tasks (national-
ly and towards UNESCO).
The system will help the 
UNESCO site managers to 
make the inventory and as-
sess the resources, in man-
aging the facilities and in 
monitoring the sites. The 
developed online tool will 
facilitate communication 
with local stakeholders and 
visitors in order to promote 
sustainable use of the sites.

High resolution land use maps (representing 
the situation in 2002-2003 and 2008-2009) of 
the entire Biosphere Reserve were generat-
ed by GIM, based on recent Formosat 2 and 
archive SPOT satellite images. These land 
use maps can be used to analyse the tem-
poral evolution of the land use/land cover in 
the area. 
The new land use maps were compared to 
each other and to the available old land use 
map (1996-2000) to detect the changes.
Formosat-2 imagery was also used to inves-
tigate the potential of remote sensing to 
document Maya ruins and detect evidences 
of the presence of archaeological remains in 
a tropical forest environment.
This data set has been processed using in-
novative object-based image analysis tech-
niques..

An online Information Management System based on Open 
Source components and Open Standards was set up by GIM. 
This IMS includes a web map viewer for 2D GIS layers and 3D 
objects and integrates large and small scale cartography lay-
ers as well as the time dimension thanks to a geo web content 
management system. Innovative methods and data models 
were elaborated to integrate archaeological and ecological 
data containing time attributes.
The system also includes a set of open source tools to create, 
store, catalogue, share and disseminate data. It is possible to 
view the 3D objects in an online 3D viewer that off ers users the 
possibility of rotating the model in addition to zooming func-
tionality. Other models can be displayed in the GoogleEarth 
application. A time bar was implemented by GIM in the map 
viewer in order to visualize dynamic archaeological and eco-
logical content.

The fi rst step of the database design consisted in several au-
dit-like meetings with the actors (managers, site archaeolo-
gists, etc.) which ended-up by detailed conceptual models of 
the site itself and related activities. Then, existing available 
data (literature, photographs, notebooks, CAD-drawings, etc) 
has been collected. The resulted dataset displays many fi les in 
diff erent formats (doc, jpeg, dwg...). Based on both conceptu-
al models and analyzed data, a database has been designed, 
modeled and implemented.
In this project, the main objective was to sustain the manage-
ment and report of the preservation and conservation activi-
ties entertained by Mexican authorities in Calakmul. The main 
diffi  culty has been to identify and store every object and con-
cept related to cultural heritage domain in this specifi c site, 
considering its time dimension, spatial characterization and 
many other semantic features. The obtained database is a re-
lational database in which are 11 main tables and 25 link ta-
bles. In the main table we fi nd information about preservation 
and archaeological interventions, documentation, historical 
and archaeological facts and people involved.
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DEVELOPMENT AND USE OF A  
4D GEOGRAPHIC INFORMATION SYSTEM TO 

SUPPORT THE CONSERVATION OF THE 
CALAKMUL SITE (MEXICO) 

The central objective in this project was to develop an Information Management System to support the 
conservation management of the Calakmul Biosphere Reserve in Yucatan (Mexico).  

It now contributes to the planning, zoning, analysing, monitoring and reporting tasks of the UNESCO site 
managers (both on a national level and towards UNESCO) and helps them in making the inventory and 
assessment of the resources and facilities. An online tool facilitates communication with local stakeholders and 
visitors in order to promote a sustainable use of the site. This management tool provides viewing and querying 
functions, as well as limited analysis for 2D GIS layers, 3D archaeological data and various forms of 
photographic and written documentation, and it integrates large and small scale information over a myriad of 
time periods.  

Innovative methods and data models were elaborated to integrate archaeological and ecological data from 
various spatio-temporal granularities. The system was built on open source elements and includes ample tools to 
create, store, catalogue, share and disseminate data. Special attention was put into a couple of datasets. The first 
was the creation of land use maps for the entire Biosphere Reserve to enable proper detection and mapping of 
land use changes and their consequences. Secondly, a dedicated database was constructed to store information 
about archaeological objects found on the site. This database was enhanced to enable spatio-temporal searches 
and thus reflects the efforts, made during the project, to define a data model that can be used with the triangular 
model for spatio-temporal analysis. This analysis was the result of an in-depth research effort during the project. 

During two field missions a full topographic survey of the Plaza Central of the archaeological site was 
conducted. This resulted in high quality base maps of the site and a full 3D model of the most important 
structures, including the so called Structure II, the principal temple of Calakmul. Inside the temple, scanning 
techniques and photographic surveys were combined to capture two bas-reliefs. By using an innovative approach 
called structure from motion, these were combined into detailed 3D models of the bas-reliefs. 

As a result of all this, the management system could be provided with a broad variety of data, allowing it to 
be used as a central access point for information regarding the Calakmul Biosphere Reserve and the Calakmul 
archaeological site. 
  



3D acquisition service

Spatio temporal analysis

Surveying mission

cALAKmUL

The ARC3D webservice, developed by KUL, allows users to freely take photographs of a scene of 
interest and compute from these a 3D reconstruction (depth-map) from each image. During the 
project, several steps of the reconstruction pipeline have been extended to enhance the user-ex-
perience and the overall fi nal results. It has also been used to create several three-dimensional 
virtual models of Mexican archaeological artefacts.
For the task of automatic registration of several 3D reconstructions from a same scene, two types 
of local features have been tested: 2D features which are extracted from the recorded images 
and their 3D variant, which works directly on the 3D scenes. The 2D features proved to be more 
suitable within the project.
An automatic registration step has been added to the pipeline which needs matching features in 
the diff erent scenes and puts them in the same coordinate space. To achieve fully integrated 3D 
models, two main methods were provided.
Within the ARC3D model-viewer, it is now possible to select multiple depth-maps from the re-
corded sequence.
The selected maps are then automatically integrated into one model with the press of a button. 
Together with the triangular model, a texture atlas is generated, which allows for models with 
highly detailed textures even when reducting their vertex count.
The second method relies on the use of the open-source package MeshLab. A step-by-step guide 
was created that allows non-technical users to easily create a clean model from the several re-
constructed depth-maps. With this method, the color is stored per vertex. Within the project, a 
scene containing stellae has been reconstructed and optimized to be included in GoogleEarth 
and several scenes at the Edzna site have been reconstructed, among others.

The Triangular Model (TM) represents temporal intervals by zero dimensional points. With the 
aid of this model 29 diff erent time relations (13 according to Allen (1983) plus 16 according to 
Freksa (1996)) can be visualized by a zone or by a combination of the zones within the model. All 
intervals, located within the same zone have the same relation according to the reference inter-
val. The reference interval of TM is crisp, as archaeological information is often incomplete the 
TM was extended by UG to Rough Triangular Model (RTM). With RTM incomplete time intervals 
can be visualized and analyzed and the reference interval is rough as well.

To create 3D content a surveying mission was set up to 
the archaeological site of Calakmul.
During the mission diff erent kinds of topographical data 
were collected. GPS points were measured during sever-
al days. The absolute position of this points can be deter-
mined accurately. These GPS-points are part of a traverse 
network around the central place of the archaeological 
site. From each structure around the central place, points 
were surveyed to have a good relative position of each 
structure. Two structures (II and V) were surveyed with a 
high level of detail (5 cm precision).
To create with photomodelling the 3D model of seven large 
structures (structure I, II, IV, V, VI, VII and VIII), thousands 
of pictures were taken with a calibrated camera to be suit-
able for processing. These pictures are now processed.
Finally two reliefs inside Structure II were measured using 
scanning with laserbeam. 100 000 points were collected 
from the biggest relief and 30 000 points from a smaller 
relief. This data are merged with the high resolution pic-
tures to allow a 2.5D model of these reliefs.

Development and use of a 4D Geographic Information System to support the conservation of the Calakmul site (Mexico)
Ruben Maddens, Wim Van Roy, Alain De Wulf, Philippe De Maeyer (Department of Geography, Ghent University, Belgium)
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UAS FOR ARCHAEOLOGY.  
NEW TECHNOLOGIES FOR RESEARCH  

AND DOCUMENTATION 

Since many years, aerial orthophotos have been widely used for large and small-scale survey, documentation 
and report. For archaeological survey in the fields of preventive archaeology, cultural heritage planning and 
preservation, such tools as remote sensing, satellite or short-range image analysis are very useful but still 
expensive.  

On a small scale, in archaeological excavation, the traditional manual documentation is often completed with 
ortho-images, obtained by cameras mounted on top of telescopic poles. Certainly, this procedure is a good 
improvement with respect to manual documentation, providing faster operations and more precise results. 
Nevertheless, such simple setup only allows taking photographs from a few meters height, and needs mosaicking 
software to produce whole area coverage and reduce distortions. 

Until now, aerial remote sensing is mostly operated by manned aircrafts at high cost and subject to 
restrictions that make its use prohibitive for every-day survey. Recently, UAS (Unmanned Aerial System) 
technology in the archaeological field has seen a wider, though still sporadic, application.  

In Sardinia (Italy) a first archaeological application has been realized over the area of Usini (Sassari) where, 
since many years, a team from the University of Sassari has been conducting interdisciplinary research on a 
Neolithic necropolis and its surrounding territory. The activity with UASs has been carried out in collaboration 
with the Sapienza University of Rome and the Oben srl enterprise, operating in drones design. 

The UAS choice has fallen upon a one-meter-diameter octo-copter, permitting GPS waypoint navigation, 
auto take-off and landing, a payload of 4kg and 20 minutes cruise-range. We have demonstrated that, by relying 
on small UASs, it is possible to obtain satisfactory results in terms of cost, quality and ease of operation.  

In particular this is true for photogrammetry procedures, which provide the most cost-effective and affordable 
way to do accurate aerial 3D scanning, measurement, and image-based modelling. The 3D model obtained from 
aerial image pairs permits a centimetre scale resolution, quite comparable to the sub-centimetre of a very 
expensive laser scanner product, and still very useful to understand and document the dynamics of the 
archaeological deposit formation.  

The main target of this work has been a photogrammetric relief of the extremely long corridor of a Neolithic 
rock-cut tomb.  The aerial survey above the contiguous area has also been concerned with a Roman necropolis, 
which later was cut through by a very large mine. By relying on images captured by UAS and by analysing grass 
anomalies, it has been possible to rapidly determine its extension. The methodology applied was based on flight 
planning, sensors setup, image processing and ortho-photo or 3D-model building.  

Innovative data exploitation is also being developed, with the purpose of easily and automatically 
extracting and highlighting salient features to aid archaeologist in their analysis of the survey results. State-of-
the-art image processing and data fusion techniques are going to be combined with machine learning and 
fuzzy logic algorithms. 

Results obtained in the already reported first survey confirm the stipulated advantages of UAS-based 
surveying in terms of very low costs, rapid data acquisition, easy operation, high-resolution documentation and 
well geo-referenced maps and models.  

3D acquisition service

Spatio temporal analysis

Surveying mission

cALAKmUL

The ARC3D webservice, developed by KUL, allows users to freely take photographs of a scene of 
interest and compute from these a 3D reconstruction (depth-map) from each image. During the 
project, several steps of the reconstruction pipeline have been extended to enhance the user-ex-
perience and the overall fi nal results. It has also been used to create several three-dimensional 
virtual models of Mexican archaeological artefacts.
For the task of automatic registration of several 3D reconstructions from a same scene, two types 
of local features have been tested: 2D features which are extracted from the recorded images 
and their 3D variant, which works directly on the 3D scenes. The 2D features proved to be more 
suitable within the project.
An automatic registration step has been added to the pipeline which needs matching features in 
the diff erent scenes and puts them in the same coordinate space. To achieve fully integrated 3D 
models, two main methods were provided.
Within the ARC3D model-viewer, it is now possible to select multiple depth-maps from the re-
corded sequence.
The selected maps are then automatically integrated into one model with the press of a button. 
Together with the triangular model, a texture atlas is generated, which allows for models with 
highly detailed textures even when reducting their vertex count.
The second method relies on the use of the open-source package MeshLab. A step-by-step guide 
was created that allows non-technical users to easily create a clean model from the several re-
constructed depth-maps. With this method, the color is stored per vertex. Within the project, a 
scene containing stellae has been reconstructed and optimized to be included in GoogleEarth 
and several scenes at the Edzna site have been reconstructed, among others.

The Triangular Model (TM) represents temporal intervals by zero dimensional points. With the 
aid of this model 29 diff erent time relations (13 according to Allen (1983) plus 16 according to 
Freksa (1996)) can be visualized by a zone or by a combination of the zones within the model. All 
intervals, located within the same zone have the same relation according to the reference inter-
val. The reference interval of TM is crisp, as archaeological information is often incomplete the 
TM was extended by UG to Rough Triangular Model (RTM). With RTM incomplete time intervals 
can be visualized and analyzed and the reference interval is rough as well.

To create 3D content a surveying mission was set up to 
the archaeological site of Calakmul.
During the mission diff erent kinds of topographical data 
were collected. GPS points were measured during sever-
al days. The absolute position of this points can be deter-
mined accurately. These GPS-points are part of a traverse 
network around the central place of the archaeological 
site. From each structure around the central place, points 
were surveyed to have a good relative position of each 
structure. Two structures (II and V) were surveyed with a 
high level of detail (5 cm precision).
To create with photomodelling the 3D model of seven large 
structures (structure I, II, IV, V, VI, VII and VIII), thousands 
of pictures were taken with a calibrated camera to be suit-
able for processing. These pictures are now processed.
Finally two reliefs inside Structure II were measured using 
scanning with laserbeam. 100 000 points were collected 
from the biggest relief and 30 000 points from a smaller 
relief. This data are merged with the high resolution pic-
tures to allow a 2.5D model of these reliefs.

Development and use of a 4D Geographic Information System to support the conservation of the Calakmul site (Mexico)
Ruben Maddens, Wim Van Roy, Alain De Wulf, Philippe De Maeyer (Department of Geography, Ghent University, Belgium)
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 Since many years, aerial ortho-photos have been widely used for 
large and small-scale survey, documentation and report. For 
archaeological survey in the field of preventive archaeology, 
cultural heritage planning and preservation, such tools as remote 
sensing, satellite or short-range image analysis are very useful but 
still expensive.  
 On a small scale, in archaeological excavation, the traditional 
manual documentation is often completed with ortho-images, 
obtained by cameras mounted on top of telescopic poles 
(Chiabrando et alii 2010). Certainly, this procedure is a good 
improvement with respect to manual documentation, providing 
faster operations and more precise results. Nevertheless, such 
simple setup only allows taking photographs from a few meters 
height, and needs mosaicking software to produce whole area 
coverage and reduce distortions. 
 Until now, aerial remote sensing is mostly operated by manned 
aircrafts at high cost and subject to restrictions that make its use 
prohibitive for every-day survey. Recently, UAS (Unmanned 
Aerial System) technology in the archaeological field has seen a 
wider (Rinaudo et alii 2012), though still sporadic, application.  
 In Sardinia (Italy) a first archaeological application has been 
realized over the area of Usini (Sassari) where, since many years, a 
team from the University of Sassari, has been conducting 
interdisciplinary research on a Neolithic necropolis and its 
surrounding territory (Melis 2010). The activity with UASs has 
been carried out in collaboration with the Sapienza University of 
Rome and the Oben srl enterprise operating in drones design. 
 The UAS choice has fallen upon a one-meter-diameter octo-
copter, permitting GPS waypoint navigation, auto take-off and 
landing, a payload of 4kg and 20 minutes cruise-range.  
We have demonstrated that, by relying on small UASs, it is 
possible to obtain satisfactory results in terms of cost, quality and 
ease of operation. 

 In particular, this is true for photogrammetry procedures, 
which provide the most cost-effective and affordable way to do 
accurate aerial 3D scanning, measurement, and image-based 
modelling. The 3D model obtained from aerial image pairs, 
permits a centimeter scale resolution, quite comparable to the 
sub-centimeter of a very expensive laser scanner product, and 
still very useful to understand and document the dynamics of 
the archaeological deposit formation.  
 The main target of this work has been a photogrammetric 
survey of the extremely long corridor of a Neolithic rock-cut 
tomb. The aerial observation above the contiguous area has also 
been concerned with a Roman necropolis, which in later times 
was cut by a very large mine. By relying on images captured by 
UAS and by analyzing grass anomalies, it has now been possible 
to rapidly determine its extension. The methodology applied 
was based on flight planning, sensors setup, image processing 
and ortho-photo or 3D-model building.  
 Innovative data exploitation is also being developed, with the 
purpose of easily and automatically extracting and highlighting 
salient features to aid archaeologist in their analysis of the 
survey results. State-of-the-art image processing and data fusion 
techniques are going to be combined with machine learning and 
fuzzy logic algorithms. 
 Results obtained in the already reported first survey confirm 
the stipulated advantages of UAS-based surveying in terms of 
very low costs, rapid data acquisition, easy operation, high-
resolution documentation and well geo-referenced maps and 
models. 

S’Elighe Entosu  
(Usini,  Italy).  
Ortho-photo of the 
Roman necropolis  
and  
post-Roman mine 
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Monte d’Accoddi (Sassari,  Italy).   
3D model of the prehistoric shrine, obtained by  aerial images 

S’Elighe Entosu (Usini,  Italy).  Neolithic necropolis. 
Ortho-photo  and 3D model of the tomb IV, obtained  
by  aerial images 
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RECENT LARGE-SCALE  
FLUXGATE MAGNETOMETER SURVEYS AND 

ARCHAEOLOGICAL EXCAVATION OF  
ROMAN RURAL SITES IN THE NORTH OF ITALY  

 

Recent large-scale geophysical surveys on extensive Roman rural sites in the Po valley, in Lombardy (Italy), 
have allowed us to identify new details within the Roman centuriation. A consistent body of data is emerging that 
allows us to perceive, at least at a local level, the land-division and use of the Po valley in Roman times.  

Two large-scale and two smaller surveys will be presented. The first large survey of 4.5 hectares shows a 
rural area with Roman centuriation, modified to take into account a local stream. Clearly visible in the survey, 
and later partly excavated, are the remains of a small Roman timber-built farmhouse. The second survey over 
an area of 24 hectares presents some Roman centuriation and part of a large, partly excavated Roman villa. 
The two smaller surveys, conducted on scheduled sites, provided very clear images of two Roman pottery 
industries, with a great number of kilns, the foundations of long drying sheds, areas of quarrying activity, and 
other details. 

 
 

  

Geophysical prospection in Sergnano, Italy. Greyscale image and interpretation of the major anomalies. 
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LIDAR AND COMPLEX SITES: 
POŠTELA HILLFORT 

 

Lidar is a technology which allows very precise three-dimensional mapping of the surface of the earth, even 
where surface is obscured by forest and vegetation. The level of detail on digital surface and terrain models, 
produced from high resolution Lidar topographic data, helps us enormously in the identification of past events 
that reworked and modified the surface of the earth. Lidar records landscape in an indiscriminate way, every 
place, every feature, every square meter is treated with the same attention and resolution. Lidar allows us to see 
sites and places embedded in landscape; their shape, dimension and structure are the result of lasting interactions 
with the landscape in flux. We can approach the complexity of sites as the result of processes of erasing, 
reworking and combining of existing features in the landscape. Complex sites are thus not just sites; they are not 
just large assemblages of features and they are not just palimpsests, a result of simple layering. Instead, they are 
part of a landscape, a continuum of features combined together in complex ways. This complexity requires 
different sensibilities in interpreting Lidar images. The poster presents some examples of complex sites from 
Slovenia and ways of approaching their complexity. 

 
 

  

 

Poštela, Iron Age hillfort near Maribor in Northern Slovenia. The site is a constitutive part of a complex, multi-temporal 
landscape of barrows, holloways and other features. Site and landscape mutually constitute each other. The hillfort is 
incorporated and reworked into the existing landscape, creating new associations and assemblages in a richer, thicker, multi-
temporal landscape. 
 



Lidar and complex sites: Po!tela hillfort
Dimitrij Mleku!, University of Ljubljana and Institute for the protection of cultural heritage of Slovenia 

What makes complex sites complex? Sites, like landscapes, are not static. They change, they move, they are constantly under construction, never 
finished. There is no time to clear the mess and start from scratch. People patch the new from the old, build over, change and modify thing that are 
already there. Complex sites are thus full of traces of past practices that combine in a complex ways. Time is inscribed in its very constitution at 
multiple levels and scales. Complex sites are thus just sites; they are not just large assemblage of features and they are not just palimpsests, result of 
simple layering. Instead, they are part of a landscape a continuum of features combined together a complex, messy ways. This complexity requires 
different sensibilities in interpreting remote sensing data.

Sometimes, new traces can completely 
erase, destroy or rework older traces. 
There is absolutely no relation to past 
activities. Mundane activities such as 
ploughing, grazing, clearance… might 
have a minimum impact on the surface 
but can combine in a long term to form 
a distinctive textures that abrade older 
traces. All these processes combine the 
products of different temporalities in 
different ways; destroy, blur or sharpen 
their apparent boundaries. These effects 
are important, for they determine where 
we see traces of past human practices 
and what these look like. Some traces of 
human activities get worked into, or get 
buried into the earth. They became part 
of the earth itself and disappear as 
scrapes on the surface. But they can be 
retrieved by other ways of mapping, like 
geophysics. Here, a well preserved 
group of barrows in the forest is 
contrasted with the few ploughed out 
barrows in the surrounding fields.

Sites are part of a lifeworld of people 
who inhabit it. People are not simply 
situated on the site; there is mutual 
relation, where, on the one hand, the 
features constrain and enable some 
social practices, and, on the other hand, 
it is modified and rearranged by its 
inhabitants. The actions of people refer 
to these features, and features structure 
the way people act. People inhabit the 
world shaped by their predecessors. 
Large barrow here is surrounded by 
broad ring-ditch. Its position as a 
prominent marker in the cemetery is 
reinforced by the erection of at least five 
later barrows in its ditch or at its edge.

There are agencies other than human, 
that leave traces. The agencies of the 
Earth accumulate and erode layers, 
subside, lift, grind, slide apart and 
collide them. These processes are slow, 
moving in the rhythms of tectonic and 
geologic time. Human activities are 
nested in this temporality. Hillfort was 
erected on a stable ridge between two 
ancient debris flows. However, after 
hillfort was built, new debris flow 
eroded part of the ramparts, forcing 
people to rebuild it and adapt it to new 
t o p o g r a p h y . T h i n g s w h i c h a r e 
apparently immobile and static, merely 
a stage for our human drama, are also 
players on the stage.

Holloways connect sites with a wider 
landscape. They were never constructed, 
but eroded by the flow of people, 
animals, carts and water. Water erosion 
speeded the hollowing-out process and 
m a d e s o m e l a n e s m u d d y a n d 
impassable. When this happened 
alternative routes were taken by people 
traveling along them, leading in some 
place to formation of river like braided 
channels, branching and converging. 
Simulated surface runoff shows how 
holloways are diverting the flow of water 
over the landscape. They are rivers, 
gullies and tracks at the same time, 
rendering the nature/culture dichotomy 
meaningless.

The past is included in the present in a variety of ways. Traces from different times exist simultaneously and are part of a site where people and other 
creatures are creating new traces. All this processes combine to create a complex sites. Complex sites are therefore messy; messy not only because 
they are full of different scrapes, traces and scars, but because these scars, traces and scrapes combine in complex, often messy ways. On a complex 
sites, past is incorporated and reworked into the present in different ways. The idea of palimpsest, of historical layering, of continuous erasing and 
creating anew is overly simplistic to capture the creation of complex sites. This messy entanglement of temporalities on complex sites require more 
reflexive approach to their study. 

Hillfort

Barrow group

Large barrow reused 
as a moated site

Ancient debris flow
Ancient debris flow

Barrow group and urn 
field cemetery

The Iron Age hillfort Po!tela was erected on 
eastern slopes of Pohorje hill-range on a 
dominant position overlooking the whole eastern 
part of the Drava plain. The complex consists of 
the hillfort and several urn field and barrow 
cemeteries and dense meshwork of holloways, 
connecting the hillfort with the the plain below.

Ploughed out barrows
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NEW OBSERVATIONS ON THE  
FIRST RURAL COLONIAL SETTLEMENTS  

IN THE LOWER POTENZA VALLEY  
(MARCHE, ITALY)  

THROUGH SURVEY AND EXCAVATION  

Since 2002, Ghent University (Belgium) has been active in and around the ancient colony of Potentia in the 
lower Potenza Valley (ancient river Flosis, Marche, Italy), located near Porto Recanati, some 25 km south of 
Ancona. Artefact surveys, geophysical surveys and aerial photography surveys have revealed an appreciable 
amount of Roman rural sites and led to a better knowledge of the city of Potentia itself, founded in 184 BC. 

From 2007 to 2010, the archaeological fieldwork was extended by excavations at the extra urban West Gate 
zone at Potentia. During these campaigns, the Republican wall of the city, mentioned by Titus Livius as being 
built ten years after the foundation of the colony, i.e. around 175/174 BC, came to light. The archaeological 
material associated with the Republican wall (i.e. black gloss, locally produced coarse ware and amphorae, 
imported ware from the Vesuvius region and Rhodian amphorae) is undoubtedly related to the first Roman 
colonists in the lower Potenza Valley. In this manner, the association of the excavation results with those of the 
surveys is crucial for dating the Republican rural sites discovered during past and future surveys. 

In 2012, a new research program has focused on the rural occupation of the hinterland of Potentia, with the 
purpose to gain insight into the non-urban settlement pattern of the lower Potenza Valley. Large-scale field 
surveys have been organised around ancient Potentia and are forming the basis for further spatial analyses to 
assess the changing settlement pattern in the study area from Protohistoric to Late Roman times. Intensive 
surveys on selected sites are providing the necessary chronological and functional information to specify the 
nature of the rural occupation. 

During a first field campaign in the summer of 2012, several previously discovered sites were resurveyed and 
the material of these new and ancient surveys was reconsidered by using the chronological framework provided 
by the excavations of the West Gate zone at Potentia. 

Three sites were discovered that are crucial for the study of the Roman colonization of the area in the 
Republican period. Especially the sites of Colle Burchio, a workshop producing wine amphorae of the Greco-
Italic type of the same typology and fabric as the fragments discovered near the Republican wall of Potentia, 
and Villa Montarice, at some 2 km NW of Potentia, are of special interest. Located some 750 m distance to 
the W, the site of Villa Montarice appears to have been occupied from late Protohistoric times onward, with 
an increased occupation in the Republican period. The surveys revealed considerable amounts of ‘Colle 
Burchio’ amphorae fragments, as well as a broad spectrum of the same coarse ware, dolia, Vesuvius pottery 
and Rhodian amphorae, as encountered in connection with the Republican town wall. The absence of black 
gloss pottery, on one hand, and the presence of opus spicatum fragments and of a small limestone press basin 
on the other point to an agricultural production site (viniculture?) that can be connected with the amphora 
workshop of Colle Burchio. 
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Since 2002, Ghent University (Belgium) has been active in the lower Potenza Valley, some 25 km 
south of Ancona. Artefact surveys, geophysical surveys and aerial photography surveys have re-
vealed an appreciable amount of Roman rural sites as well as a better knowledge of the city of 
Potentia itself, founded in 184 BC. The �eldwork was supplemented by excavations and studies 
of the archaeological material.
In 2012, a new research program focuses on the rural occupation of the hinterland of Potentia.  
Previously discovered sites were resurveyed and the material of these new and ancient surveys 
reconsidered using the chronological framework provided by previous excavations of the West 
Gate zone at Potentia. Among these sites, three of them turned out to be crucial for the study of 
the earliest Roman colonization of the area in the Republican period.

Introduction

Conclusion
The sites of Colle Burchio and Villa Montarice are located at some 2 km NW of Potentia and deserve special interest. Colle Burchio is a workshop producing 
wine amphorae of the Greco-Italic type of the same typology and fabric as the fragments discovered near the Republican wall of Potentia. The chronology 
in the second half, at the latest third half of the 2nd century BC is con�rmed by the peculiar typology of these locally produced amphorae that �ts perfectly 
well in the koinè of amphora production in the Mediterranean at that time. The site of Villa Montarice appears to have been occupied from the late Proto-
historic times, with an increased occupation in the Republican period. The surveys revealed there considerable amounts of ‘Colle Burchio’ amphora frag-
ments, as well as a broad spectrum of the same coarse ware, dolia, Vesuvius pottery and Rhodian amphorae as noticed in connection with the aforemen-
tioned  Republican city wall, and this brings us to the same chronology as in the �rst site. The presence of two architectural decoration elements (ante�x) 
has maybe something to do with a residential part of Villa Montarice. Nevertheless, the bulk of the material combined with the nearly complete absence 
of black gloss pottery and the presence of a considerable amount of opus spicatum fragments and of a small limestone press basin point to an agricultural 
production site (wine growing?). This presumed function, the chronology, the presence of amphorae and other material in the same ‘Colle Burchio’ fabric 
and the limited distance of some 750 m make us believe that there is a strong connection between the two sites, so far that both of them could have
belonged to the one and the same estate.
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ARCHEOMETRY AT THE  
DEPARTMENT OF GEOGRAPHY 

 

The Department of Geography of Ghent University (Faculty of Sciences) acts as an important partner in a 
great number of archaeological projects. Each research group of the department is active in its own field of 
investigation and they work separately or together in many archaeological projects around the world. These 
research groups contribute to the measurement and recording of sites, the understanding of geographical 
processes linked to these sites and their 2D, 3D or 4D visualizations.  

The Landscape Research and Physical Geography research groups contribute to the geomorphological and 
landscape analysis of archaeological sites. For landscape research, technologies such as remote sensing, GIS and 
landscape mapping are being used to make inventories, to study cultural values and landscape heritage, and to 
perform a historic landscape characterization, following a holistic approach. The Physical Geography research 
group focuses on the regional geomorphology, not only in Belgium but also in other parts of the world; the study 
of environmental changes and their impacts on geomorphological processes and the application of physical 
geography methodologies on archaeological sites. Together, both research groups contribute to the interpretation 
and environmental reconstruction of archaeological contexts, by performing field work and GI analyses. 

The archaeological related research activities of the 3D Data Acquisition group focus on spatial and terrestrial 
3D data acquisition. The wide range of acquisition sensors, the study of their possible applications, the 
processing of the different types of 3D data and a thorough accuracy analysis are the main research activities. 
The remote sensing and photogrammetry research topics focus on different applications with satellite and aerial 
images obtained from different types of moving platforms (drones, helicopters, airplanes, satellites, etc.). A lot of 
these applications and projects are related to archaeology and the mapping of archaeological sites and their 
surroundings. For the acquisition of terrestrial data, the research group is working with various topographical and 
photogrammetric instruments: levelling instruments, (robotic) total stations, digital cameras for photogrammetric 
restitution and photo modelling, laser scanners, mobile mapping, GNSS receivers, etc. All these techniques are 
used for archaeological projects to provide accurate and detailed topographical maps of the area, digital terrain 
models, 3D models of archaeological objects or remains, orthophotos, 3D and 4D visualizations, etc. 

In the Cartography & GIS (CartoGIS) research group of the department, both fundamental and applied 
research on various aspects of cartography and geographical information science is conducted. With regard to 
archaeological projects, the research group is specialized in geographical information production, data 
infrastructure and the management of the geographical data. Moreover, the CartoGIS research group provides 
necessary 3D and 4D visualization tools for geographical information and performs 3D/4D GIS modelling 
analyses and spatial temporal analyses for different archaeological projects.  

The different research groups in the Department of Geography (UGent) integrate different geomatics 
techniques for various archaeological sites and projects (Belgium; Calakmúl, Mexico; Urumqi, China; Titani, 
Greece; Eastern Islands; Egypt; Altaï Mountains; Malta, among others). Besides the geomatics part, these 
integrated research activities also include geoarchaeological and geomorphological studies, GIS-based analyses 
and visualization tools. 
  



Contact

Geomorphological and Landscape Analysis

3D and 4D GIS

3D Acquisition – Reconstruction - Visualization

Where?

 website : http://geoweb.ugent.be
mail : we12.info@lists.ugent.be

Archeometry at the Department of Geography 
3D Data Acquisition – CartoGIS – Physical Geography – Landscape Research

Timothy Nuttens, Alain De Wulf, Rudi Goossens, Philippe De Maeyer, Nico Van de Weghe, Jan Nyssen, Morgan De Dapper, Veerle Van Eetvelde, Marc Antrop

Archeometry

Field work and GI analysis contribute to the interpretation and environmental reconstruction of archaeological contexts. 
Fig. 1: Egypt – Nile valley (Aswan – Elephantina)
Fig. 2: Egypt – Nile Valley (El-Hosh): rock-drawings
Fig. 3: Egypt – Nile valley (Aswan – Elephantina)
Fig. 4: Historic landscape characterization, depth and landscape stability in the Brugse Veldzone (Van Eetvelde & Antrop, 2009)

A whole range of modern 3D data acquisition and processing techniques are used to 
record, reconstruct and visualize archaeological sites. 
Fig. 5: GPS-measurements (Altaï Mountains) 
Fig. 6: Total station measurements (Malta)
Fig. 7: Orthophotoplan (Aulne Abbey, Thuin - Belgium)
Fig. 8: Colored point cloud (Sint-Baafs Abbey, Gent - Belgium)
Fig. 9: Colored point cloud (City centre, Gent - Belgium)
Fig. 10: Images taken from different positions (Sint-Baafs Abbey, Gent – Belgium)
Fig. 11: Colored point cloud (Sint-Baafs Abbey, Gent – Belgium)

Sandy Flanders in 3D : Historical maps in combination with topography
Fig. 12: Digital Elevation Model (DEM), Fig. 13: Ferraris 1775, Fig. 14: Topographical map 1910,  
Fig. 15: Orthophoto 2000)

3D/4D GIS modeling analysis and spatial 
temporal analysis
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VADA VOLATERRANA (TUSCANY, ITALY). 
HIGH-RESOLUTION GROUND PENETRATING 

RADAR IN GEOARCHAEOLOGY:  
THE APPLICATION OF  

STREAM X MULTICHANNEL SYSTEM  

Vada Volaterrana, the main harbour of Volaterrae in Etruscan and Roman times, was located 25 milia from 
Populonia and 18 from Portus Pisanus as documented by Latin sources. 

Part of the ancient town lies under present Vada (Rosignano M.mo-Livorno) and in its outskirts. Based on 
geomorphologic and archaeological data, the harbour was located at the sheet of water in front of Vada, 
protected by a large shoal system.  Immediately northeast of this area, at the San Gaetano site, stratigraphic 
excavations are in progress and a Roman quarter related to the harbour has been brought to light. 

  In 2012, we started an integrated geoarchaeological project to reconstruct the Vada Volaterrana landscapes 
and townscape. In order to identify the actual extension of the Vada Volaterrana town and its relationship with the 
harbour area, we carried out GPR prospections in a large part of Vada’s northern outskirts. 

 Because of its high-resolution data and 3D visualization capabilities, Ground Penetrating Radar (GPR) is 
one of the most frequently used geophysical techniques for geoarchaeological prospection. Routine data 
acquisition is based on single or double channel GPR systems moved on the surface following generally 30-50 cm 
spaced profiles. In complex and large archaeological sites this method is very time-consuming. Moreover, the 
lateral spatial resolution of acquired data might not be fully adequate to resolve the subsurface structures because 
of aliasing effects. 

New generations of multi-channel GPR instruments try to solve the spatial sampling biases and to increase 
the data acquisition speed. More specifically, it is the great advantage of multi-channel systems that the antenna 
channel separation on the surface can be strongly reduced, allowing a significant increase in resolution up to few 
centimetres. In addition, several GPR profiles can be acquired simultaneously by moving an antenna array. 

At the archaeological site of Vada Volaterrana we employed the STREAM X system by IDS s.p.a, equipped 
with 15 antennas of 200 MHz central frequency, 12 cm spaced. The system was easily moved on the surface by 
means of a 4-wheel vehicle, while the positioning of the acquired data was provided by a RTK-GPS station 
interfaced with the acquisition software. 

We obtained a 3D ultra-dense data volume whose dimensions are represented by the directions of acquisition 
on the surface (XY) and the depth of investigation (Z). A specific data processing software was employed 
according to a standard procedure. We interpreted the continuous and spatially coherent radar reflections, visible 
in the data volume section, which were cut parallel to the surface at different depths (depth slice). 

Selected areas of the investigated surface were explored by means of shallow cores, allowing a more liable 
interpretation. 

The many identified anomalies will be tested by archaeological excavations planned for 2013. 
  



 

Vada Volaterrana (Tuscany-Italy). 
High-resolution Ground Penetrating Radar in Geoarchaeology:  

the application of STREAM X multichannel system 
 

Pasquinucci M. 1, Baroni C.2, Bini M.2, Menchelli S.1,  Morelli G.3, Pappalardo M.2, Ribolini A.2, Salvatore M.C.2, Sangriso P.1 

1 Dipartimento Civiltà e Forme del Sapere, University of Pisa, Italy      2 Dipartimento Scienze della Terra, University of Pisa      3 Geostudi Astier, Livorno, Italy 

Because of its high-resolution data and 3D visualization capabilities, the Ground Penetrating Radar (GPR) is one of 
the most used geophysical techniques for geoarchaeological prospection. It is well known that the GPR resolution 
(the capability to resolve targets vertically and laterally) increases with the antenna frequency. In addition, when an 
areal prospection is planned, the lateral spatial resolution depends also on the spacing of the single GPR lines 
composing the grid. If the lines distance is sensibly higher than a quarter of the wavelength of the transmitted signal, 
the acquired data may be not fully adequate to resolve the subsurface structures, and spatial aliasing effects may 
occur. Hence, the reduction of line spacing is a relevant issue, and this is one of the aims of the development of 
GPR device operating simultaneously with multiple antenna (array) separated by a small distance.  
There are still few applications of this GPR system to geoarchaeology where an increase of resolution up to few 
centimeters may  support more insightful interpretations.  

Vada Volaterrana, main harbour of Volaterrae in Etruscan and Roman times, was 
located 25 milia from Populonia and 18 from Portus Pisanus, as documented by Latin 
sources. Scattered archaeological findings point out that part of the ancient town lays 
under the present Vada settlement and in its outskirts. 
An extensive exploration of the subsurface in this area may give us the opportunity to 
check the actual extension of the settlement, as well as figure out the characteristics 
of the coastal environment, including the sea-level in Roman times. 
This is the aim of a recently started geoarchaeological project that benefits of the 
integration of various techniques, i.e. geomorphological and archaeological survey, 
stratigraphy, micro-fossils analysis and near-surface geophysics.  
 
The first step has been the planning of an extensive Ground Penetrating Radar (GPR) 
survey in order to address the future shallow cores and archaeological excavations. 

Some geomorphologic and archaeological data suggest that the harbour was 
located in the sheet of water in front of present Vada, protected by a large shoal 
system.  Immediately North East of this area, in the San Gaetano site, stratigraphic 
excavations are in progress and a Roman quarter related to the harbour has been 
brought to light.  

The new Subsurface Tomographic Radar Equipment 
for Assets Mapping (STREAM) is a multi-channel 
system produced by I.D.S. Company (www.ids.com). 
This device comprises a vehicle-towed trolley that 
transports a 1.68 m wide array of GPR antennas. The 
array is composed by 16 dipoles (15 channels), 
spaced 12 cm and oriented parallel with the direction 
of acquisition. The nominal central frequency of each 
dipole (channel) is 200MHz.  
While moving the array, a swath of 15 GPR profiles is 
acquired. To follow the profile direction correctly and 
keep a constant overlap among adjacent swaths, a 
real-time kinematic (RTK) GPS and GIS-based 
navigation system have been interfaced with the 
acquisition software. 
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The two modules (8 dipoles each) of STREAM X 200 MHz. The trolley is equipped with an hydraulic system 
that allows to suspend the modules above the surface.  The GPS antenna is solidal with the GPR antenna 

The geological sections evidence an alternance of 
marine sandy and sandy gravelly beds with abundant 
shell fragments locally concentrated in centimetric layers.   

These sediments were deposited in a foreshore/beach 
environment. The marine unit is unconformably covered by 
a layer of aeolian sand topped by the modern soil. 

Advanced processes for removing 
environmental noises and bettering the 
alignment between GPR lines are in progress, 
as well as the repetition of STREAM X 
acquisitions in the most interesting areas. 
By the way, the preliminary results confirm the 
effectiveness of STREAM X in the 
geoarchaeological research. Indeed, after a 
first processing of the data, the subsurface 
images revealed the existence of highly 
backscattered electromagnetic energy, 
potentially consistent with archaeological 
remains. 
A program of shallow cores is starting to enrich 
the knowledge of the Roman times 
environment and supply further elements to 
the future archaeological excavations. 
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Credits:  G. Catanzariti 
               Geostudi Astier  Contacts: pasquinucci@sta.unipi.it; ribolini@dst.unipi.it; gf.morelli@tin.it  

Radar images of the same archaeological area of Vada 
acquired whit a lines spacing of 0.5 m (left) and 0.25 m (right) 

Depth: 0-0.5 m Depth: 0.5-1 m Depth: 1-1.5 m 

A,D: baths  B: Horrea   
C: Aula (?)  E: fountain 
F: Schola (head of office of a collegium) 

Baths ( Building D)  

Baths ( Building D), statue of Attis 
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LANDSCAPE CHANGES AND 
GEOARCHAEOLOGICAL INTERPRETATION OF 

FOUR LARGE ARCHAEOLOGICAL SITES  
IN NORTH-EASTERN IBERIA 

 
 

Semiarid climate and intense human intervention in the landscape of NE Iberia lead to significant problems 
for site preservation. Ancient urban areas are so affected by erosive/accumulative processes that their study and 
interpretation is only possible by means of geoarchaeological reconstruction of their original characteristics. In 
this poster we present four large sites with several occupation levels. We analyse the difficulties that each of 
them posed to their study and their relation to environment degradation. 

1. Alfambra Castle is an isolated hill (1131 masl) with occupation levels from the Bronze Age to the Middle 
Ages. However, solely the medieval remains are preserved in situ. The reconstruction of the other cultural stages 
must be deduced from the study of redeposited archaeological features and small occupations that are visible in 
the stratigraphy of the slopes. These slopes were generated in a cold and humid climatic stage (post Bronze-Iron 
stage). 

2. Segeda was a large Celtiberian settlement, occupying the top and surrounding area of a hill (701 masl). The 
town was abandoned when the Romans approached in 153 BC and was never occupied again (in Roman times, a 
new town was built on a nearby hill). A great part of the urban area disappeared under the sediments of the rivers 
flowing by the ancient site. Nowadays, the excavation of the town has to resort to geoarchaeological methods to 
reach ancient occupation levels and to reconstruct the town perimeter and original land features. 

3. Los Castellazos was inhabited from the Iron Age to Roman times. The town was situated on several 
elevated landforms (372 masl), surrounded by impressive moats that draw the original perimeter. Erosion has 
been so intense that building remains are only preserved in the lower areas, covered by sediments coming from 
the upper parts. The archaeological evolution of the site is approached through the excavation of these structures 
and the correct interpretation of the covering deposits. 

4. El Castellar is a medieval town located by the Ebro River. The remains of the town castle (317 masl) 
overlook the city. It was founded in the 11th century AD with the name of Supra Caesaraugusta to serve as 
vanguard position for the conquest of Saraqusta (nowadays Zaragoza). It was abandoned in the 15th century AD. 
The future excavation of the site faces the problem of the disappearance of a great part of the town and castle due 
to lateral fluvial erosion of the scarps of the Ebro River. Fortunately, another part of the site is well preserved 
under slope deposits (post-medieval stage). 

The geoarchaeological approach to these sites must be adapted to their specific geomorphological, 
topographical and archaeological characteristics. However, all of them are affected by problems caused by the 
palaeoenvironmental evolution of the Holocene at a regional level. In Alfambra Castle an important phase of 
land stabilization and slope generation (post Bronze-Iron stage) can perfectly be observed. Dryer environmental 
conditions during Ibero-Roman times, along with an intensification of human land use, led to land erosion and 
site destruction. On the other hand, as can be seen in Segeda and Los Castellazos, materials removed from the 
slopes supplied sediments to the rivers, covering and preserving the lower areas of these two sites. Finally, El 
Castellar gives evidence of the effects of the Little Ice Age (13th to 19th centuries AD). Large floods of the Ebro 
River consumed almost half of the site, while in the northern part a new stabilized slope was generated (post-
medieval stage) that covered and protected the archaeological remains. 
  





89     RADIO-PAST COLLOQUIUM  GHENT  15-17 JANUARY 2013 

AXEL G. POSLUSCHNY| posluschny@rgk.dainst.de 
Roman-Germanic Commission (RGK) of the  
German Archaeological Institute 
Frankfurt am Main, Germany 

CHRIS MUSSON| abermusson@btinternet.com 
Aerial Archaeology Research Group (AARG) 
International non-country based organisation 

ANTHONY CORNS | anthony@discoveryprogramme.ie 
The Discovery Programme 
Dublin, Ireland 
 
  
 

ARCHAEOLANDSCAPES EUROPE –    
A NETWORK FOR  

ARCHAEOLOGICAL PROSPECTION 

Starting in September 2010, the ArchaeoLandscapes Europe Project (ArcLand) represents the culmination of 
a growing European cooperation from the mid-1990s onwards. Now federating 61 prestigious institutions in the 
field of archaeology and heritage protection (27 Coordinator/Co-organisers and 34 Associated Partners) from 31 
countries, it will bring that process to a sustainable and self-supporting future as the long-term legacy of this and 
earlier EU-assisted initiatives. 

 The ultimate aim of the ArchaeoLandscapes Europe Project is the use throughout Europe of aerial survey 
and ‘remote sensing’ to promote understanding, conservation and public enjoyment of the shared landscape and 
archaeological heritage of the countries of the European Union. 

 ArcLand wants to increase public appreciation, understanding and conservation of the landscape and 
archaeological heritage of Europe through the application and international sharing of skills and experience in 
airborne and other forms of remote sensing. 

 The project’s long-term legacy will be better appreciation of the landscape and archaeological heritage of 
Europe, closer contact between heritage professionals and the general public, more effective conservation of the 
shared cultural heritage, the international sharing of skills and employment opportunities, better public and 
professional education, the wider use of archive resources and modern survey techniques, and higher 
professional standards in landscape exploration and conservation. 
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DEVELOPMENT OF PREDICTIVE MODELS  
FOR THE IDENTIFICATION OF  

ARCHAEOLOGICAL SITES ALONG THE 
BULGARIAN BLACK SEA COAST  

IN GIS ENVIRONMENT 

The above poster title is also the name of a project conducted by the Centre for Underwater Archaeology 
(lead partner), the Department of GIS and Cartography, and the Department of Archaeology (partners) at Sofia 
University, and financed by the National Scientific Fund in Bulgaria in the course of 2009-2013. The project 
goal is to create an archaeological predictive model for the identification of areas with high archaeological 
potential along the coast, as an attempt to search, explore and protect coastal (underwater and land) sites.  

The poster presents the results of the predictive modelling, identifying potential areas where submerged Late 
Chalcolithic and/or Early Bronze Age settlements might be discovered. 

More than 20 prehistoric settlements have been registered along the Bulgarian Black Sea Coast, mostly as a 
result of construction and dredging activities. For this reason some of them have been partially or completely 
destroyed. They are either on land or submerged/half submerged, but adjacent to the shoreline. The predictive 
model aims to provide a serious instrument for their protection and preservation. 

The creation of the model was preceded by a thorough study of the information available about the 
prehistoric sites and their landscapes, the evolution and changes of the environment and the reaction and 
adaptation of the people to them. 

The predictions are based on several environment characteristics which had predetermined the choice of 
settlement location in prehistory, e.g., proximity to freshwater basins, sheltered areas, distance from/proximity to 
the sea (above sea level), aspect, slope, etc. 

A combined Digital Terrain Model (DTM) of 100 kms2 of the coast (land and adjacent aquatoria) was created 
with the use of aerial LiDAR, bathymetry included, which was among the first applications of this technology 
for the purposes of underwater archaeology. These data were supplemented by the results of multibeam 
echosounder surveys carried out along the coast. High resolution surface data obtained during the LiDAR and 
multibeam surveys were used for the development of the DTM. 

The GIS database (Indicative Model) also includes satellite images and aerial photographs, as well as 
geological, geomorphological and pedological maps, and civil and military topographic maps, etc. The choice 
and number of the GIS layers (Indicative Model) is relevant to the variables identified as most appropriate for 
the development of the predictive model. The result indicates that a higher probability for the presence of 
submerged sites exists for three tiny areas within the studied area. Submerged prehistoric settlements are already 
known at two of the three areas. A field survey to verify the model prediction is planned for the third area, for 
the remaining of 2012/beginning of 2013. The survey will comprise different non-invasive methods – sediment 
and side scan sonar, multibeam echosounder, diving survey, etc. 

The posters exhibition at the Radio-Past Colloquium in Ghent will be the first public presentation of the 
predictive model. 
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CROSSED APPROACH OF A ROMAN  
SMALL TOWN : EVIDENCE FROM  

RECENT RESEARCHES ON THE 
SITE OF FONTAINE-LES-BASSETS  

(ORNE, FRANCE) 

Located in the present Orne department, the site of Fontaine-les-Bassets is a Roman town that occupied 
nearly 30 hectares and is nowadays covered by farmland. The ancient town seems to have faded from memory 
for centuries. However, antiquarians mentioned a Roman occupation in the 19th century and found a lot of 
artefacts, such as pottery and coins. Nevertheless, no excavation has ever been done. The site was for the first 
time identified in 1989 by aerial photography, which revealed part of its organisation. Based on these aerial 
images it was decided that new research using non-destructive methods should be undertaken. The research 
programme aims at understanding the structure and organisation of the town during the Roman period. It is also 
a part of a broad regional research programme studying the emergence of the urban phenomenon in Normandy. 

In 2009 and 2010, a new spatial approach has been undertaken, including geophysical survey, field survey 
and Geographic Information System (GIS) analysis. This approach aims at comparing information coming from 
non-invasive methods in order to improve the knowledge on this hitherto unknown site. In a first step, the field 
survey covered the suspected area of the town and then extended within a one kilometre radius. Archaeological 
artefacts have been recorded with the help of a differential GPS and transferred to GIS cadastral maps. 

The geophysical method offers the advantage of surveying a large surface area in a short period of time. For 
the site of Fontaine-les-Bassets, the electrical method ARP© (Automatic Resistivity Profiling) has been favoured 
due to a good contrast of electrical properties of the subsoil's materials (limestone substrate, masonry structures, 
silt filling). Three maps show the results according to three measured depths: 0-50 cm, 0-100 cm and 0-170 cm. 
The 0-50 cm map tends to be the more detailed one. In spite of a few perturbations related to modern 
agricultural practises (deep and intensive ploughing) or adverse conditions for the preservation of the 
buildings, the geophysical investigation, covering 23 hectares, revealed a rich and complex urban centre. 
Indeed, a monumental group of buildings most probably forms the heart of the town, from which blocks 
expand within an orthogonal street network. 

Finally, in 2011, an excavation has been carried out in the two parts of the site that were the most documented 
both by aerial photography and geophysical survey: an imposing rectangular building in the centre and an 
enigmatic semicircular construction at the eastern limit of the electrical survey. The two trenches revealed that 
under a thin vegetable cover, archaeological remains do not offer a very good state of preservation. On one hand, 
the excavation provided an important amount of data on the rectangular building which can be associated with a 
sanctuary, but on the other hand it did not allow a clear identification of the semicircular building. The pursuit of 
the geophysical survey, in 2012, should shed light on this latter point by completing not only the missing part of 
the edifice, but also of the eastern area of the town. 
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PRESENTATION OF  
ARCHAEOLOGICAL SITES:  

ASSISTED FRUITION THROUGH  
AUGMENTED AND VIRTUAL  

RECONSTRUCTIONS 
 

The joint project of two departments of the Second University of Naples, the Department of the Cultural 
Study of the Territory and the Department of Information Engineering, aims to achieve a prototype for assisted 
fruition through Android mobile devices which support the visit of archaeological sites. 

The prototype is suitable for different situations. We are working on three case-studies: the ancient town of 
Norba, in the Latium; the temple of Diana Tifatina, incorporated in the Basilica of S. Angelo in Formis, near S. 
Maria Capua Vetere; the ancient Capua, in Campania, and the Amphitheatre Campano of the same town. 

In all three cases we propose technological solutions that do not need infrastructures on site.  
The prototype is based on the use of Ontology, developed by archaeologists. The concepts of the ontology are 

used on the back-end to annotate digital resources, such as contents, points of interest, applications.  
The environment within which the user is moving is described through geo-referenced maps that describe 

buildings, roads, itineraries and points of interest (POIs). On the map, each point represents an artefact, a ruin or 
any other item of cultural relevance. The users identify POIs through their mobile device. Indoor or outdoor 
localization can be implemented using heterogeneous technologies: external POIs can be detected via mobile 
device GPS. Others methods for indoor positioning are RFID and CODBAR.  

A web portal project has been designed and developed, to which the user can connect to retrieve information, 
staying both at home or on site. Through the web-portal, the user can select the archaeological sites to visit; 
visualise a site map and points of interest; visualise the list of content associated with a point of interest; choose 
one or more contents and display the content chosen. 

The contents are texts, images or videos about the monuments, their history and the function of their various 
parts. The videos offer examples of augmented and virtual reality, so that people can better understand what they 
are visiting.  

Each reconstruction is the result of extensive scientific work. The user can retrieve the available content of 
the archaeologists’ work to follow and understand the difficulties of research in creating virtual reconstructions, 
and the uncertainties and doubts that remain. 

On all content, text and images, it is possible to perform semantic search, based on the users’ interests. They 
can select different contents which then are displayed on a map and visualized. 

Another function of our prototype allows for the retrieving of content through photos taken by the user during 
the site visit: acquired by the camera, the images are recognized and linked to related multimedia contents.  
When the user takes a new picture, a search by sample facility is used to find the image that is similar to the one 
just taken. The user will not only see the scanned image with highlighted details associated by the system, but 
also be able to acquire other content based on the same concept.  

We are working also to develop a dynamic selection of content adapted to space and time constraints. 
  



We thank Maria Grazia Giuliano and Domenico Visone

In S. Angelo in Formis Basilica, near S. Maria Capua Vetere, you can 

find the remains of the temple of Diana Tifatina. There are different 

phases, from the most ancient temple (IV century B.C.) to the late- re-

publican temple.  

The user can download the virtual model of the temple reconstructed 

through a few archaeological elements and can synchronize this recon-

struction with the camera output of his mobile device.

Axonometric models help the visitor to understand the different 

phases of the holy building and indicate only the ipotetic volumetry of 

the temple compared with the structures of the medieval church.

stefania.gigli@unina2.it; giuseppina.renda@unina2.it

THE VIRTUAL AND AUGMENTED REALITY ON THE 

CASE-STUDIES

The Amphitheatre Campano is the second biggest amphitheatre in the ancient 

world after the Coliseum, built in the late first or the early second century A.C.  

You can see some remains of the majestic amphitheatre, on the first floor, while 

the underground is wonderfully preserved.

WeWe have chosen the augmented reality to reconstruct the monument: for the ex-

ternal aspect we do not give a virtual model. It would require a radical choice. We 

only suggest the original volumetry of the amphitheatre based on the comparison 

with a relief found near the monument. It depicts itself.

The user can retrieve data about the Amphitheatre taking photos at the site: these 

are recognized by the prototype and linked to multimedia content.

             PRESENTATION OF ARCHAEOLOGICAL SITES
                      ASSISTED FRUITION THROUGH AUGMENTED 
                                                      AND VIRTUAL RECONSTRUCTIONS

The Second University of Naples, Department of Arts and Cultural Heritage

The area of the Basilica 

THE PROJECT AND THE PROTOTYPE

The joint project of the Department of the Arts and Cultural Heritage and the Department of Information Engineering aims to achieve a prototype for 

assisted fruition through Android mobile devices that support the visit of archaeological sites.  The prototype is based on the Ontology for the semantic 

research and on geo-referenced maps that describe buildings, roads, itineraries and points of interest (POIs).  A remote service, attached to digital 

object through a content descriptor, uses multiple criteria to discover and filter multimedia content, based on the user position, its interests and the 

time at its disposal.  

TheThe tourist can connect to the web portal project to retrieve information about the archaeological sites both at home or at the site and can download 

texts, images, videos with examples of augmented and virtual reality. In these contexts the user can understand the difficulties of the archaeologists 

to reconstruct the virtual models.

Stefania Gigli, Giuseppina Renda

Virtual reconstruction of the temple

The axonometric model of the first temple

Virtual model synchronized with the camera output

The Amphitheatre Campano

Examples of the augmented reality

by Francesco Rinaldi

by Francesco Rinaldi
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REMOTE SENSING AND  
ENVIRONMENTAL RECONSTRUCTION OF 

THE SITE OF PHAISTOS 
 

The archaeological research at the 
ancient site of Phaistos, conducted by the 
Phaistos Project under the direction of the 
University of Salerno (Prof. F. Longo) 
and the Ephoria of Hiraklion, allowed to 
undertake a number of multidisciplinary 
investigations, and to obtain new data 
that made it possible to reconstruct the 
environmental and geomorphologic con-
text in which the settlement developed. 

The study particularly focused on the 
reconstruction of the paleo-topographical 
areas of the ancient settlement. Through 
this type of investigation, it was possible 
to trace the physical and environmental 
limits in which the old town was con-
tained, especially during the Archaic and 
Classical periods. Part of this work has 
been devoted to reconstruct, in detail, the 
relationship of the modern and ancient 
landscape through remote sensing sur-
veys (geoarchaeological surveys, aerial 
photography, and satellite images), field 
surveys, and excavations.  

In this kind of project, remote sensing, 
with all its different techniques, allows for 
a quick acquisition of the huge quantity of 
metric and qualitative data that is needed 
to describe or identify archaeological fea-

tures. However, for an appropriate and widespread use of this data, the application of GIS techniques is essential. 
Only the combined use of both methodologies ensures a full exploitation of their potential for an in-depth 
understanding and effective utilization of the data related to an archaeological settlement.  

This approach allowed us to draw up an exhaustive geomorphologic map of the area of the ancient settlement 
and to develop a three-dimensional digital terrain model (DTM). The confrontation of the geo-environmental and 
archaeological records offers new perspectives for the full knowledge of the history and urban topography of 
Phaistos.  

 

New archaeological map of Phaistos 



THE PHAISTOS PROJECT

The site of Phaistos is located at the western end of 
Messara, that is the largest plain of Crete. The site, and 
especially its ‘Palace’, had its peak of importance during 
the Minoan Age, but Phaistos was also a polis in historic 
times until its destruction by Gortyn around 150 B.C. The 
site continued to be inhabited in various forms until 
nowadays.

The need to extend our knowledge of 
the settlement area of Phaistos through a diachronic 
investigation of settlement patterns and urban 
development, prompted the Italian Archaeological 
School in Athens - and in particular its director Emanuele 
Greco - to start an Italian-Greek collaboration in the 
summer of 2007. Such a joint effort was planned with the 
awareness that a systematic study of the ancient city and 
the surrounding area could only be achieved through an 
exchange of information and a close and effective 
scienti c collaboration with the local Ephoria. Hence, the 
plan is to base our scienti c research, to be carried out by 
a team directed by Fausto Longo of the University 
Salerno and Maria Bredaki director of the Archaeological 
Institute of Cretan Studies, on reconnaissance surface 
surveys, archive research, analyses of the material 
culture, and geomorphological and geophysical 
investigations. As mentioned before, aim of this research 
is to investigate forms and developments of the Phaistos’ 
ancient landscape from the Neolithic to the Late Roman 
period. For these purposes over the years we have built an 
interdisciplinary team of specialists and enable 
collaborations with other research organizations and 
institutions such as the University of Padua for the 
topographic analysis, the University of Naples for 
geophysical research, the CNRS Aix-en-Provence as part 
of a collaboration with the Project DIKIDA and, in 
particular, with Matthieu Ghilardi and his team for the 
geological corings.

The research 2007-2012 was  nanced by the 
Dipartimento di Scienze del Patrimonio Culturale of the 
University of Salerno, the Italian Archaeological School 
at Athens, the Italian Ministry of Foreign Affairs and the 
Institute for Aegean Prehistory.

REMOTE SENSING AND ENVIRONMENTAL RECONSTRUCTION

We began by studying historical maps and procuring aerial photographs of 
the Western Messara. We retrieved B/W aerial photographs taken from 1945 
to 1994 and pan-sharpened and multispectral data from Geoeye satellite 
images. As part of the remote-sensing campaign, we produced a DTM from 
our photogrammetric study, using aerial photographs from 1994 to study the 
ancient settlement and a DEM/DSM based on the radar survey of the Shuttle 
Radar Topography Mission to study the vast plain of the western Messara. 
We supplemented these data with oblique and vertical photographs from the 
archives of the Italian Archaeological School in Athens. We combined our 
analysis of remote-sensed  eld data with a detailed geomorphological 
studies. We also conducted a surface archaeological survey along the 
western slope of the settlement of Phaistos. A comparison of the remote-
sensing data with our in-site archaeological and geomorphological survey, 

with further evidence from the DEM/DSM of the 1994 photograph, allowed 
us to detect the settlement limits of P haistos in post-Minoan times, and 
especially in its Hellenistic phase. The settlement appears to have been 
planned in clearly distinguished sectors extending to the natural limits of the 
plateau on all sides.

To the north, the steep slopes of Christos Effendi, Acropoli Mediana and 
‘Palace’ form the natural boundaries of the settlement towards the 
Yeropotamos valley. To the east, two substantial changes in altitude form a 
natural boundary that appears to have divided the settlement in two sectors. 
The ‘Palace Hill’ is bordered by a broad rocky cliff that recessed in ancient 
times, downhill from which is a natural terrace with the vestiges of the 
Chalara residential neighborhood. Beyond the eastern boundary of the 
terrace, another little jump in share separates Chalara from the  uvial plain 
of the Grya Saita. In this stretch of the plain, the photograms of the 1940s 
and 1960s show clear traces of the marshy areas.

The southern boundaries of the plateau are less distinct, but are 
nevertheless marked by slight changes in altitude, as are clearly evident at 
south of the Ayios Ioannis, between the village area and the underlying 
 uvial plain. In this sector, the photographs show dark gray shades 
ascribable to a morphological depression,  lled with  uvial and marshy 
sediments, a sign of a long-lasting marshy area that was only reclaimed 
during the 1980s.

To the west, the physical boundaries are de ned by at least three drainage 
lines, possibly corresponding to ancient channels in a broad area 
downstream from the western sector of the Christos Effendi slope. The 
plateau thus overlies an erosional paleosurface that must have previously 
been more extensive, especially the sector looking out towards the valleys of 
the Yeropotamos and Grya Saita. The contours of this paleosurface are 
interested by slope recession processes (rock falls, landslides and collapses), 
that have been formed, especially in the lower part of the eastern cliff, a 
series of detris cones constituted by coarser elements, blocks and large 
rocks, many of which of shapes and sizes and geology similar to those of the 
‘Palace’ area. The slope recession, active until the today, occurred, along the 
coseimal faults that tilted the geological layers of the hills, caused and 
encouraged by the frequent earthquakes that have affected the area in the 
past. Earlier studies and our recent archaeological investigations have 
con rmed that the town extended to the above-described natural boundaries.

Known remains of the walls include stretches on the northern and western 

slopes of the hill of Christos Effendi, a long stretch excavated by Minto the 
western slope of the Median Acropolis, and a stretch west of the church of  
St. George in Phalandra, already mentioned by Taramelli. There is probably 
another stretch of the walls to the south, where Mosso reported a wall built of 
large stone blocks, which he interpreted as belonging to a temple, in the 
“valley of St. Paul below Phaistos”.

Starting from these earlier data, our surface surveys, by highlighting the 
nature and density of dispersion of archaeological materials, have shed 
signi cant light on the boundaries of the settlement in historical times. 
Within our Zones, the distribution of diagnostic archaeological materials of 
the Classical and Hellenistic periods, adjusted to surface visibility and 
ground conditions, seems to re ect the extreme geomorphological 
variability of the investigated area. Here archaeological materials, downhill 
of their original position, were carried out, because drained by surface runoff 
processes. Survey data are hence unreliable in some cases, being the result of 
post-depositional phenomena. In spite of this, the distribution of materials in 
Zone A does seem to indicate that the city limits of the Hellenistic period 
extended no further westwards than the drainage lines highlighted by our 
remote-sensing and geomorphological analysis.

These observations  nd corroboration in the structure identi ed by the 
Ephoria in 2004.This structure–which at the time was not recognized as 
having been part of the town walls–continued along a change in elevation 
oriented east-west and, after about 50 m eastward, probably turned briskly 
90° to the south. The existence of another change in elevation here that is 
oriented north-south seemed to con rm this deviation. To verify this 
hypothesis, in 2009 we conducted geophysical investigations which 
revealed a wall about 2 m thick buried only 30 cm below the ground. The 
excavation of the structure in 2010 provided de nitive con rmation.

Within their natural boundaries, the plateau has a diverse morphology, 
de ned by its farming mosaic, which is centered on a slight depression 
sloping away from north to south and connects to the hills of the ‘Acropoli 
Mediana’. Judging from the few emerging archaeological vestiges, this 
dense rural fabric seems to reproduce in  ligree the ancient urban grid. Both 
in older and more recent aerial photographs, it is possible distinguishes some 
alignments of  elds and terraces with constant wide, coinciding, especially 
in the strip at the foot of the hills, with the changes in elevation de ned by 
terracing walls. We compared these alignments with the few excavated and 
still visible archaeological structures. The systematic east-west orientation 
of a series of plots on the western side of the plateau, extending from the 
terrace of St. George in Phalandra southward to the village of Ayios Ioannis, 
does not appear to be coincidental. The east-west street excavated to the 
north of the Phaistos Tavern displays the same orientation, as do the street 
and buildings unearthed by the Ephoria in a recent excavation south of the 
Median Acropolis. To the west, the orientation of the  elds changes. A 
different, northeast-southwest orientation is also observable to the east, 
beyond a drop in elevation, in the area of the Chalara neighborhood. In this 
case, too, the orientation of the structures of the Hellenistic period match 
those of the  elds near the excavation. This evidence, corroborated by our 
recent geophysical investigations and the subsequent archaeological 
excavation that revealed the stretch of the walls of the Hellenistic city, thus 
seem to suggest that the current layout of the modern rural fabric re ects of 
an ancient urban grid that was strongly in uenced by changes in elevation 
and slopes. An hypothesis that later investigations may con rm.

1. The Western Messara with the position of the site of Phaistos

2. DEM of the area under investigation

3. Draping of aerial photography (1945) on the DEM

4. Interpretation of aerial photographs of the traces of the city of historical age (photo 1945)

5. Orthophotos of 1999 with the position of geophysical surveys

7. The excavation of the walls in the area already under geoelectric investigation 

8. Photogrammetry  nalized and archaeological map of the site. With the dotted 
line the reconstruction of the walls of the city of historical age

6. Results of geoelectric surveys in 
the area where it was assumed 
the existence of walls

Remote sensing and environmental reconstruction of the site of Phaistos
Amedeo ROSSI1, Fausto LONGO1, Vincenzo AMATO2

arossi@unisa.it,  ongo@unisa.it, vincenzo.amato@unimol.it 
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COASTAL EVOLUTION AND  
HUMAN IMPACT IN ELAIA,  

THE HARBOUR CITY OF PERGAMUM  
(TURKEY) 

It was the aim of this geoarchaeological research to reconstruct the landscape history around Elaia, the 
harbour of ancient Pergamum. The study was based on 75 terrestrial and 11 semi-aquatic sediment cores.  

Both the construction of the prominent jetty in Hellenistic times and the siltation process of the harbour could 
be deciphered with sedimentological criteria and 14C age estimates.  

The first pollen chart of the whole region covers the period of 800 BC to 600 AD, reflecting the human 
impact on the ecosystem. The quasi natural ecosystem degraded to a maquis-type vegetation due to grazing and 
lumbering. This effect was intensified in Hellenistic times. Along with the decreasing importance of Elaia in 
Late Roman times the vegetation slightly recovered, and around 600 AD a pine forest was established.  

The maximum marine transgression and thereby the extension of the embayment was identified. It reached 
more than 1 km inland, and dates to ~2000 BC in the north and ~1600 BC in the west.  

Corings inside the wall structures in the western part of the embayment, lying 0.5-1 m below present sea 
level, were 14C-dated to the Late Roman period (3rd – 4th century AD). The comparison with similar structures 
from other periods and regions of the Mediterranean makes their use as salt works the most likely interpretation. 
In order to refine the chronostratigraphy, the sediments immediately below the wall structures are currently 
OSL-dated.   



Addresses of the authors: 1Institute of Geography, University of Cologne, Albertus-Magnus-Platz, D-50923 Cologne/Germany; 2Heinrich Schliemann-Institute for Classical Studies, University of 
Rostock, D-18051 Rostock/Germany; 3DAI Section Istanbul, İnönü Caddesi 10, TK-34437 İstanbul/Turkey; 4Institute for Geography, University of Mainz, Johann-Joachim-Becher-Weg 21, D-55099 
Mainz/Germany  
*corresponding author: martin.seeliger@uni-koeln.de. Research was financially supported by DFG (German Research Foundation) which is gratefully acknowledged. 

 

Results 
Fig. 4 represents the profile and the interpretation of coring ELA 70, drilled inside the closed harbour basin 
(Figs. 2, 3). The lowermost part (Unit 1) is a sandy limestone (bedrock). Up to 4.38 m below surface, shallow 
marine facies (Unit 2) follows. This interpretation is backed by mean grain size (>400 µm), electric conductivity 

Coastal evolution and human impact in Elaia, the harbour city of Pergamum (Turkey) 
Seeliger, Martin*1, Bartz, Melanie1, Feuser, Stefan2, Kelterbaum, Daniel1, Pirson, Felix3, Vött, Andreas4 & Helmut Brückner1  

 

Fig. 1:  Research area at the Aegean coast of Turkey. (a) Overview based on Landsat ETM+ 2005 
with locations mentioned in the text; (b) general map of western Turkey with a selection of 
ancient and modern settlements.   

Fig. 2:  Location of vibracores carried out in the Bay of Elaia between 2008 and 2011. The maps are based on 
DGPS data levelled by the Pergamum Excavation. (a) Synoptic view with the area of the city of Elaia; (b) corings 
in the area of the so-called closed harbour; (c) corings in the eastern part of Elaia.   

Fig. 3 (right side):  The so-called closed harbour of Elaia. (a) Overview, 
photographed from the top of the city hill; (b) location of coring site ELA 70 
inside the harbour basin; (c) western mole with location of coring site ELA 18 
outside the harbour basin; (d) recess for the former wooden  dovetail cramp on 
top of the mole. Photographs: M. Bartz & M. Seeliger, 2010, 2011. 

 

Summary: At least until the 7th century BC, the area of the later harbour basin was part of a marine embayment that reached several hundred meters further inland than today (Fig.5). 
Probably in the Early Hellenistic period the harbour basin was constructed: two harbour moles were erected with massive substructions and big sandstone ashlars as coping. In addition, the 
area immediately north of the present basin was filled-in with boulders and stones in order to consolidate the terrain and to create space for loading, unloading and storing of goods (Fig.5). 
Sediment cores from the harbour basin show the definite change from a shallow marine to a lagoonal facies in Hellenistic times as a consequence of the construction of the moles. Since that 
time the harbour basin was connected to the open Mediterranean Sea by the 45 m wide port entrance only; thus, a quiescent depositional environment evolved. Historical and archaeological 
evidence point to an Early Hellenistic construction of the harbour moles as well (e.g., diagnostic ceramic fragments in their basement).  

Fig. 4: Stratigraphical record and facies distribution of ELA 70, a sediment core inside the basin of the closed harbour  
Facies: 1 = bedrock; 2 = shallow marine; 3 = lagoonal. For location see Figs. 2, 3, 5. 

Fig. 3 (right side):  The so-called closed harbour of Elaia.
photographed from the top of the city hill; (b) location of coring site ELA 70 
inside the harbour basin; (c) western mole with location of coring site ELA 18 
outside the harbour basin; (d) recess for the former 
top of the mole. Photographs: M. Bartz & M. Seeliger, 2010, 2011.

Aims of the Research 
In contrast to most of the valleys and cities of Western 
Anatolia, the Bakırçay Valley and Elaia, the harbour 
city of ancient Pergamum, have not yet been studied 
by palaeogeographic and geoarchaeologic means. 
So far unsolved questions dealt with the spatio-
temporal evolution of the shoreline as well as the 
erosion and sedimentation processes and their impact 
on the human settlement activities (Figs. 1, 2). 
The environmental reconstruction presented here is 
based on the study of geo-archives. Which store the 
information about the geo-morphological changes in 
particular and the landscape evolution in general. 
 

Historical background to ancient Elaia  
Archaeological excavations have been conducted by the German 
Archaeological Institute (DAI) on the castle hill of ancient Pergamum since 
1878; later also environmental issues came into focus. Since 2005, an 
archaeological survey has studied the Bay of Elaia, situated 26 km south-
west of Bergama. It has brought to light considerable archaeological finds, 
such as ancient cemeteries and large remains of partially drowned 
stonewalls.  
Together with the literary evidence of ancient writers, these discoveries 
have led to the conclusion that the Bay of Elaia hosted the harbour of 
Pergamum in ancient times. Due to construction criteria it is known that 
the moles of the closed harbour basin were built in early Hellenistic times. 
In order to verify/falsify this assumption, several corings were carried out 
inside the harbour basin (Fig. 3).  
 

Fig. 5: Coastline changes in the area of the closed harbour of Elaia 2500 BC (end of max. 
transgression), 300 BC (booming period of Elaia) and 500 AD (abandonment of the city).  

and high values of the 
Ca2+/Fe2+/3+ ratio. The up-
most layer (Unit 3) is a 
lagoonal facies. Compared 
to the substratum, Unit 3 
shows remarkable differen-
ces in most of the measu-
red parameters: the values 
of the mean grain size drop 
rapidly below 30 µm, and 
the much lower values of 
the Ca2+/Fe2+/3+ ratio lead 
to the conclusion that this 
facies was deposited under 
very low-energy conditi-
ons, more affected by ter-
restrial input. 
 
The transition from shal-
low marine to lagoonal 
facies is 14C-dated to 647-
178 cal BC*; this age con-
firms the construction date 
of the harbour mole as 
well.  
 
*Note that the wide 2σ dating range is caused   
by the plateau effect of the calibration curve. 

Human impact 
A synoptic view of all of the 
corings in the area under 
consideration shows that 
during Early Hellenistic 
times a marine embayment 
reached several hundred 
meters further to the north 
and to the west than it does 
today (Fig. 5). Therefore, 
together with the two moles 
part of the adjacent harbour 
area had to be built on 
shallow marine terrain.  
 
This area is partly made-up 
of intentionally dumped 
material. This was done in 
order to consolidate the 
shallow marine and muddy 
terrain and create a solid 
ground for the erection of 
harbour-related facilities like 
ware-houses and magazines.  
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EXTENSIVE GEOPHYSICAL 
INVESTIGATION IN 

URBAN ENVIRONMENT.  
THE CASE OF THE  

EPISCOPAL CENTER OF PADUA  
 
 

In association with the ARMEP project, which aims to investigate Padua’s medieval residential architecture 
heritage, and the ongoing study on the city’s religious architecture, a new excavation in the baptistery area has 
led to a major interest in the Episcopal Centre.  

In 2012, an extensive Ground Penetrating Radar (GPR) survey has been conducted in an area of half a hectare 
to extract data from the cathedral and the facing square. Additional Electrical Resistivity Tomography (ERT) is 
being planned to determine the thickness and lithologies of buried deposits. 

Urban environment is probably the most complex situation for the extraction of archaeological data through 
geophysical investigation, due to the presence of contemporary features that hide the archaeological structure, and 
even more to the limited extension of the “geophysical window” that is investigable in a densely urbanized area.  

Moreover, the extreme complexity of the anthropogenic stratigraphy creates an elevated difficulty to the 
archaeological interpretation of the recognizable feature. In order to face these issues, archaeological features 
from geophysical surveys have been linked, in a GIS environment, to the analysis of preserved architectural 
remains and data from archival research of written historical sources, providing a strategy to gain access to the 
complex archaeological remains underground.  

The project’s aim is to outline innovative methodological approaches based on GIS technology to investigate, 
with a mainly non-invasive approach, large areas in a complex urban environment. 

 

  



EXTENSIVE GEOPHYSICAL INVESTIGATION IN URBAN ENVIRONMENT 
THE CASE OF THE EPISCOPAL CENTER OF PADUA 

THE EPISCOPAL CENTER OF PADUA 

STRAPAZZON G.(1), DEIANA R.(1), BROGIOLO G.P.(1) 
(1)DIPARTIMENTO DEI BENI CULTURALI: ARCHEOLOGIA, STORIA DELL'ARTE, DEL CINEMA E DELLA MUSICA. UNIVERSITÀ DEGLI STUDI DI PADOVA 

The episcopal center of Padua is a palimpsest not easily readable in its contemporary forms. The progressive stages of reconstruction, that have 
involved at the beginning both the episcope than the baptistery (XIII d.C.) and after the cathedral (XVII-XVIII d.C.), left only a little evidence relating to 
earlier phases. Nevertheless, over the past 40 years, several studies (2) revealed a substantial documentation of historical written sources (XI-XVII), 
including maps and sketches from XVII to XIX century, that led us to hypotize the evolution of the complex. Moreover, recent studies (3) have 
identified fragments of walls dating before the thirteenth century that appear incorporated in the existing buildings. 
Also new excavations provided an archaeological sequence in the area of the baptistery dating back to the late antiquity. The historical and 
archaeological evidences gathered until now allow to hypothesize the presence of some masonry structures linked to the episcopal complex, still 
preserved under the actual buildings. 
The GPR survey was conducted in two different areas: first in the interior of the cathedral and secondly in the facing square. Inside the cathedral the 
main objective was the identification of some possible geophysical anomalies that could be related to the medieval phases of the church. On the 
square the focus was to provide not only a detailed image of the remaining structures, but also a map of the medieval urban fabric existing before the 
construction of the actual square. 
 

  
Urban environment is probably the most complex situation for the extraction of archaeological data 
through the geophysical investigation. In fact, the presence of contemporary features that hide the 
archaeological structure and even more the limited extension of the “geophysical window” in a densely 
urbanized area, often restrict the success of this approach. Recent studies conducted in this context in 
the Mediterranean area (4), (5), have shown that the Ground Penetrating Radar (GPR) and the Electrical 
Resistivity Tomography (ERT) are the most suitable techniques, able to decipher the complex 
anthropogenic deposits that characterize the urban environment. 

GEOPHYSICAL SURVEY 

In the context of the GPR surveys conducted at the Padua episcopal 
center, the GIS provided a perfect tool to interpret the detected 
geophysical anomalies in relation to historical maps. For instance, the 
comparison allowed to locate in the area of the facing square the 
remains of a tower unearthed at the beginning of the nineteenth 
century (Fig.2) and also the evidence of the buildings documented in 
an eighteenth century map (Fig.3). 

RESULTS AND FUTURE DEVELOPMENTS 

Fig. 1 - Plan of the Romanesque church with the placement of graves, 
before the construction of the cathedral. Anonymous author of the late 
seventeenth century (Archive Chapter-Padova) 

Fig. 2 - Drawing of the tower found in the  Duomo square during the 
excavations of 1874 (drawing by G. Berti), in "RIP" (BCP), b. XXIX 
("Scavi"), n. 2521 

In June 2012, we collect a first GPR dataset with the GSSI-3000 system equipped with a 400 MHz 
monostatic antenna. Subsequently,in December 2012 a second dataset was collected with an IDS 
Hi-Mod system equipped with a dual frequency antenna (200-600 MHz). Additional Electrical 
Resistivity Tomography (ERT) campaign is planned in 2013. All GPR data were acquired utilizing a 
line spacing 0.25 m in order to obtain a high degree of resolution of the buried archaeological 
remains. 
The GPR data collected with GSSI-3000 system were processed using GPR_process software 
(http://www.cast.uark.edu/nadag/EducationalMaterials/gpr_corner/gpr_corner.htm), while the IDS 
data were processed using the REFLEXW package (http://www.sandmeier-geo.de/). For the 
processing we applied: (i) the start time correction, (ii) the de-wow filtering, (iii) a background 
removal, and (iv) a energy decay gain. After this procedure, the 2D GPR profiles, of each 
area,were combined to obtain a 3D volume. 
Finally, the time-slice maps with intervals of 6 ns are generated in order to represent the amplitude 
plan-view distribution at every 0.3 m depth below ground surface. Thereafter, the time-slices maps 
were imported in a GIS environment. 

(1)A. Chavarria Arnau (edited by), 2011, Padova: architetture medievali (progetto ARMEP 2007-2010), Mantova. 
(2)G.P. Brogiolo 2011, Architetture religiose a Padova alla fine dell’XI secolo, in A. Chavarria Arnau (edited by), Padova: architetture medievali (Progetto ARMEP 
2007-2010), Mantova. 
(3) C.Bellinati, U.Gamba, G.Bresciani Alvarez, L. Grossato, 1977, Il Duomo di Padova e il suo battistero, Sarmeola di Rubano (Padova). 
(4)Nikos Papadopoulos, Apostolos Sarris, Myeong-Jong Yi, Jung-Ho Kim, 2009, Urban archaeological investigations using surface 3D Ground Penetrating Radar 
and Electrical Resistivity Tomography methods: Exploration Geophysics, 2009, 40, 56–68; Butsuri-Tansa, 2009, 62, 56–68; Mulli-Tamsa, 2009, 12, 56–68. 
 (5) Leucci, G., and Negri, S., 2006, Use of ground penetrating radar to map subsurface archaeological features in an urban area: Journal of Archaeological 
Science, 33, 502–512. 

Regarding the interior of the cathedral, the investigations revealed the presence of a group 
of graves belonging to the medieval church that preceded the actual building, now 
obliterated by the current floor (Fig.1). Moreover, the absence of the evidence the 
perimetral walls of this medieval church suggested its complete probable despoliation. 
 
Although the present project is still at the initial stage we confirmed the high archaeological 
potential of the investigated area. Furthermore the extensive GPR survey has offered not 
only a pinpoint localization of the principal archeological structures buried under the 
surveyed area but also a detailed image of their degree of conservation. Future 
investigations will aim to identify new areas to extend the surveys and to integrate the GPR 
measurements with the ERT technique. 
 

Fig. 3 - Map of the city of Padua in 1781 (by Giovanni Valle) with the 
positioning of the main buried archaeological structures. 

DURING 2012 AN EXTENSIVE GROUND PENETRATING RADAR (GPR) SURVEY HAS BEEN CONDUCTED IN A HALF HECTARE AREA IN THE URBAN 
CENTER OF PADUA (ITALY), TO EXTRACT  MORE INFORMATION ABOUT THE CATHEDRAL AND ITS FACING SQUARE. IN FACT, THE SURVEY HAS 
BEEN CONDUCTED IN CONCOMITANCE WITH A NEW EXCAVATION CLOSE TO THE BAPTISTERY AREA, WHICH HAS LED TO A MAJOR INTEREST IN 
THE EPISCOPAL CENTER AND DURING THE ARMEP(1) PROJECT, THAT AIMS TO INVESTIGATE THE PADUA’S MEDIEVAL RESIDENTIAL HERITAGE. 



103     RADIO-PAST COLLOQUIUM  GHENT  15-17 JANUARY 2013 

DEVI TAELMAN | devi.taelman@ugent.be 
FRANK VERMEULEN | frank.vermeulen@ugent.be 
Ghent University 
Department of Archaeology 
Ghent, Belgium 

GEERT VERHOEVEN | geert.verhoeven@archpro.lbg.ac.at 
Ludwig Boltzmann Institute for  
Archaeological Prospection & Virtual Archaeology 
Vienna, Austria  

COMPUTER VISION-BASED  
ORTHOPHOTOMAPPING OF  

COMPLEX ARCHAEOLOGICAL SITES:  
THE ANCIENT QUARRY OF PITARANHA 

(PORTUGAL–SPAIN) 
 

Ancient quarries are intriguing archaeological sites, but their detailed recording is difficult. The complex 
morphological and topographical characteristics of the quarry landscape at Pitaranha (border Portugal–Spain), as 
well as the severe modification of the terrain configuration by both intensive quarrying and the intricate 
logistical extraction infrastructure make a survey of this site rather complicated. Since an accurate digital 
representation of the topographical surface is elementary for the spatial analysis of the quarry and the availability 
of an orthophoto map a necessary prerequisite for fast and effective site navigation, the acquisition of such 
information is a crucial component of efficient quarry research. In situ field work also benefits from a detailed 
and accurate orthophoto map, while a digital three-dimensional (3D) model constitutes a fundamental layer in 
GIS-based spatial analysis studies. For complex sites such as the quarry of Pitaranha, this is a difficult, time-
consuming and very expensive operation. 

In this poster, a cost-effective approach is presented for the mapping of the Roman quarry site of Pitaranha 
(Portugal–Spain) based on recent technological advances in computer vision and photogrammetry algorithms. 
Using a radio-controlled digital reflex camera attached to an unmanned low-altitude aerial photography system 
(Helikite-based), aerial photographs were acquired that allowed for the acquisition of the necessary low-altitude 
aerial footage in very unstable wind conditions above the quarry. Using a semi-automatic Structure from Motion 
(SfM) approach complemented with Multi-View Stereo (MVS) algorithms, the aerial images were processed for 
the production of an orthophoto map and Digital Surface Model (DSM) of the site. An enormous advantage of 
the presented approach is the minimal prerequisites: for example, no calibrated cameras and optics are necessary 
during the image acquisition stage. 

Besides focusing on the acquisition and processing method, the poster evaluates the accuracy of the generated 
products. For the Pitaranha quarry, the horizontal and vertical accuracy at the 95 % confidence level were 13.7 
cm and 31 cm respectively. Given the unordered image collection of vertical and oblique aerial photographs that 
are characterised by a maximum ground sampling distance of 8 cm and acquired with a lens that suffered from 
quite some distortion, the reported positional accuracy of these data sets is considered very good (planimetric) to 
good (altimetric), and satisfactorily accurate for 1:200 hard-copy mapping. 
  



(1) Department of Archaeology, Ghent University, Belgium – (2) LBI for Archaeological Prospection & Virtual Archaeology, Vienna, Austria 

Ancient quarries are intriguing archaeological sites, but the often complex morphological and 
topographical characteristics of quarry landscapes, as well as the severe modi�cation of the 
terrain con�guration by both intensive quarrying and the intricate logistical extraction infra-
structure, complicate their survey.
This poster presents a straightforward and cost-e�ective approach using computer vision
algorithms to mapping of the Roman quarry site of Pitaranha, located on the present-day 
border between Portugal–Spain. Historically, the quarry mainly provisioned the nearby Roman 
town of Ammaia.

Introduction
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Conclusion
This low-cost acquisition method and uncomplicated, computer vision-based processing work�ow yielded a highly accurate digital surface model and
orthophotograph of the extensive and complex Roman quarry site of Pitaranha. After a di�cult data acquisition stage with a Helikite-based platform, an 
SfM approach automatically estimated all the necessary camera parameters and aligned the large set of unordered images. Subsequently, a dense multi-
view stereo algorithm was applied to generate a digital surface model. As a result, this method largely accounted for all possible kinds of geometrical
degradations and was able to process a large, unstructured collection of aerial images into a 3D representation and orthophotograph of the quarry site. 
In this way, even the non-specialist in the �eld of photogrammetry or geodesy can create highly accurate orthophotographs using currently available and 
a�ordable technology.
Given that the source material consisted of an unordered image collection of vertical and oblique aerial photographs that are characterised by a maxi-
mum GSD of 8 cm and were taken with a non-metrical lens that su�ered from quite some distortion, the reported positional accuracy of these data sets 
is considered very good (planimetric - xy) to good (altimetric - z) and certainly better than initially expected.
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ROMAN TOWNS AND THEIR LANDSCAPE:  
A GEOARCHAEOLOGICAL STUDY OF  

THE SUBURBAN LANDSCAPE OF AMMAIA 
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Ancient towns are not isolated entities but exist in close relation with a landscape that is crucial for its 

development and with which they undergo a complex set of interactions. In 2001, the archaeological site of 
Ammaia (São Salvador da Aramenha, Portugal) was selected as the setting for an open lab, with the aim to 
develop a better geoarchaeological methodology for the study of the relationships and interdependencies of 
Roman towns and their hinterland. 

The geoarchaeological project in the hinterland of Ammaia aims at answering questions concerning both the 
topographic and archaeological setting of the urban site and the human exploitation of the palimpsest of natural 
resources lying within the town’s exploitation territory. More specifically, the project sets out to study the water 
collection and distribution in and around the town, to evaluate the locations where natural resources (stone building 
material, quartz and rock crystal, and metals) were exploited, and to analyse the suburban occupation dynamics. 

To disclose the hidden historical landscape in and around Roman Ammaia, a multidisciplinary 
geoarchaeological approach was adopted. Essentially non-destructive survey methods were used to map and 
reconstruct ancient features underneath the modern landscape morphology. Besides the development of a GIS-
based spatial database of ancient and modern landscape data, a wide set of archaeological and geoscientific 
approaches were adopted. Artefact surveys, geological and geomorphological surveys, a metal detector survey 
and a geomagnetic survey were carried out to investigate the surrounding area of the town. Apart from field 
work, laboratory analyses such as thin section petrography and geochemical analysis were carried out to answer 
questions regarding the highly structured and heavily exploited rural landscape around Roman Ammaia. 

This approach allowed to define most of the town’s extramural road network, as well as to locate several 
production centres, funerary zones and exploitation sites in the town’s suburban area. Furthermore, a better 
understanding was gained of the dynamics between the Roman settlement and its hinterland, and of the reason 
why this precise location was chosen as the setting for the newly founded town of Ammaia. 
  



(1) Department of Archaeology, Ghent University, Belgium – (2) Department of Geography, Ghent University, Belgium – (3) Department of Humanistics, University of 
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In 2001, the archaeological site of Ammaia (São Salvador da Aramenha, Portugal) was selected 
as the setting for developing a better geoarchaeological methodology for the study of the rela-
tionships and interdependencies of Roman towns and their hinterland. The geoarchaeological 
project in the hinterland of Ammaia aims at answering questions concerning the topographic 
and archaeological setting of the urban site, as well as about the human exploitation of the
palimpsest of natural resources lying within the town’s exploitation territory.
To disclose the hidden historical landscape in and around Roman Ammaia, a multidisciplinary 
geoarchaeological approach was adopted. Essentially non-destructive survey methods were 
used to map and reconstruct ancient features underneath the modern landscape morphology.
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Water supply
The perennial Sever River and Ribeira dos Alvarroes were 
without a doubt the key water sources for the town
 inhabitants.
Besides these sources, two aqueducts were constructed 
to transport water into the urban area. The best archaeo-
logical evidence is provided by the so-called Malhadais 
Capture with remains of a river capture and a typical 
Roman specus aqueduct (see A). Inside the urban area, 
the aqueduct can be connected with the remains of a 
similar granite specus aqueduct found in situ in the �eld 
west of the forum area (see B).

Rock crystal mining
The region of Ammaia is also rich in quartz and rock
crystal, of which the importance in Roman times is illus-
trated by two references to the presence of the mineral in 
the mountains around Ammaia by Pliny the Elder 
(Naturalis Historia 37.24 and 37.127).
Several ancient mines have been discovered in associa-
tion with Roman material remains.

Suburban occupation
In two �eld campaigns in the years 2010 and 2011,
intensive surveys were carried out to investigate the 
surrounding area of Ammaia. The �eldwork included a 
geomagnetic survey, a metal detector survey and an
artefact survey.
The main result of the surveys included a better under-
standing of the surburban road network with four 
main roads leaving the town. In addition, an industrial 
area with possible kiln structures was detected to the 
north of the town and an extensive building complex 
was discovered east of the town (see �g. A). Towards 
the south, several building complexes were discov-
ered, as well as a second industrial area and possibly a 
series of funerary monuments alongside the road leav-
ing the town (see �g. B).

Possible
funerary
monuments

B Roman
urban
area

A

Roman
urban
area

Building stone supply
Proximity, accessibility and straightforward transportation appear to have been the keywords 
in the supply of building stones at Roman Ammaia. Some buildings stones could be collected 
either on-site or in the town’s suburban area. The main building stone, granite, was quarried 
about 9 km east of the town at the Roman quarry of Pitaranha.
A detailed survey and mapping investigation permitted the identi�cation of the quarrying 
strategy, the internal organization and the extraction technique used.

Devi Taelman(1) – Frank Vermeulen(1) – Morgan De Dapper(2) – Cristina Corsi(3) – Cornelius Meyer(4) – Rok Plesnicar(4) –
Arjen Bosman(5) – Paul De Paepe(6) – Sarah Deprez(7)

Roman towns and their landscape: a geoarchaeological
study of the suburban landscape of Ammaia (Portugal)
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GPR SURVEY AT THE ROMAN  
TOWN OF MARIANA (CORSICA)  

 
 
 

Between 2006 and 2010, fluxgate gradiometer and ground-penetrating radar (GPR) surveys were carried out 
at the Roman town of Mariana (Corsica, France). Excavations (1959-1965 and 2000-2007) had previously 
uncovered a Roman street with houses and shops, an early mediaeval cathedral and a mediaeval bishop’s palace. 
When compared with the hypothetical town limits derived from aerial photography, old cadastral maps and the 
location of two cemeteries, the excavations took place at off-centred positions. The aim of the geophysical 
survey was to shed more light on the Early Imperial town centre (first-second century AD), to be found north of 
the excavations.  

The fluxgate gradiometer survey demonstrated the presence of buildings with an orientation corresponding to 
an excavated street. In the GPR data, most of these buildings can be identified as private dwellings. Moreover, 
an orthogonal street system with the same orientation is identifiable. In several parts of the town, there are 
indications for more than one occupation phase. For example, in the northwestern part of the main GPR survey 
area, the data show a large building complex with deep foundations, as well as shallow walls of poor quality in 
its courtyard. A trial excavation revealed solid walls with brick facings originating in the first or second century 
AD, as opposed to an alignment of loose boulders, not older than the third century. On the basis of the 
geophysical results, two small excavation trenches from the 1930s, one of which contained the remains of a 
bathhouse, can now be located exactly.  

At Mariana, the first tests were conducted with a modular GPR system consisting of several single 500 MHz 
antenna systems in parallel. A characteristic of these systems is that the cross-line separation between the 
transmitter-receiver pairs is larger than the sampling distance needed for unaliased data collection with 500 MHz 
antennas. As a consequence, for high-resolution measurements, profiles have to be acquired between previously 
recorded ones, and high position accuracy is required. A completely identical response for different single GPR 
antennas is difficult to achieve. At Mariana, this resulted in striping in the horizontal slices, which complicated 
the interpretation of features in the direction of the survey lines. Several methods (frequency-wavenumber 
filtering, singular value decomposition, discrete wavelet transform, discrete ridgelet transform, τ-p filtering, 
mean profile filtering) were applied and their capability to suppress the artefacts was assessed. Although an 
overall reduction of the stripe patterns was achieved, it was generally impossible to fully eliminate the noise in 
the time-slices without low-pass filtering in cross-line direction. 
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