N

N

Spatio-temporal dynamics of settlement patterns in
Central and Southern Gaul from 800 BC to 800 AD:
models for long-term interregional comparison
Frédérique Bertoncello, Elise Fovet, Cristina Gandini, Frédéric Trément,

Laure Nuninger

» To cite this version:

Frédérique Bertoncello, Elise Fovet, Cristina Gandini, Frédéric Trément, Laure Nuninger. Spatio-
temporal dynamics of settlement patterns in Central and Southern Gaul from 800 BC to 800 AD:
models for long-term interregional comparison. Cristina Gandini; Frangois Favory; Laure Nuninger.
Settlement Patterns, Production end Trades from the Neolithic to the Middle Ages. ARCHAEDYN,
Seven Millennia of Territorial Dynamics, Final Conference, Dijon, 23-25 june 2008., BAR Publishing,
pp.51-64, 2012, BAR International Series (2370), 978-1-4073-0957-6. hal-02125869

HAL Id: hal-02125869
https://hal.science/hal-02125869
Submitted on 14 Oct 2023

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est

archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.science/hal-02125869
https://hal.archives-ouvertes.fr

Settlement Patterns, Production
and Trades from the Neolithic to
the Middle Ages

ARCHAEDYN
Seven Millennia of Territorial Dynamics

Final Conference
University of Burgundy, Dijon, 23-25 June 2008

Edited by

Cristina Gandini
Frangois Favory
Laure Nuninger

BAR International Series 2370
2012



Settlement Patterns, Production
and Trades from the Neolithic to
the Middle Ages

ARCHAEDYN
Seven Millennia of Territorial Dynamics

Final Conference
University of Burgundy, Dijon, 23-25 June 2008

Edited by

Cristina Gandini
Francois Favory
Laure Nuninger

BAR International Series 2370
2012



Published in 2016 by
BAR Publishing, Oxford

BAR International Series 2370

Settlement Patterns, Production and Trades from the Neolithic to the Middle Ages
© The editors and contributors severally and the Publisher 2012

ACI ‘Spaces and territories’ 2005-2007. Contract ET 28

The authors' moral rights under the 1988 UK Copyright,
Designs and Patents Act are hereby expressly asserted.

All rights reserved. No part of this work may be copied, reproduced, stored,
sold, distributed, scanned, saved in any form of digital format or transmitted
in any form digitally, without the written permission of the Publisher.

ISBN 9781407309576 paperback

ISBN 9781407339399 e-format

DOI https://doi.org/10.30861/9781407309576

A catalogue record for this book is available from the British Library

BAR Publishing is the trading name of British Archaeological Reports (Oxford) Ltd.
British Archaeological Reports was first incorporated in 1974 to publish the BAR
Series, International and British. In 1992 Hadrian Books Ltd became part of the BAR
group. This volume was originally published by Archaeopress in conjunction with
British Archaeological Reports (Oxford) Ltd / Hadrian Books Ltd, the Series
principal publisher, in 2012. This present volume is published by BAR Publishing,
2016.

BAR

PUBLISHING
BAR titles are available from:

BAR Publishing
122 Banbury Rd, Oxford, OX2 7BP, UK
EMAIL  info@barpublishing.com
PHONE +44 (0)1865 310431
FAX +44 (0)1865 316916
www.barpublishing.com



ACKNOWLEDGEMENTS

The ArchaeDyn collective thanks the institutions which
have kindly agreed to receive the meetings of his
supervisory committee, seminars, workshops and final
conference of June 2008 :

Supervisory committee:
Université Paris IV Sorbonne, Paris
INHA, Paris

UMR 8546 ENS UIm-CNRS, Paris

Round-tables:

DRAC Franche-Comté, Besangon
ZRC SAZU, Ljubljana (Slovenia)
MSH Clermont-Ferrand

Workshops:

INHA, Paris

MMSH Aix-en-Provence

UMR 5594 - ArteHis Dijon

MSHE Besangon

MSH Clermont-Ferrand

MSH Tours

UMR 6130 CEPAM, Sophia Antipolis

Final conference:
University of Bourgogne

The archaedyn collective would also like individually
to thank all the researchers and administrative staff
who greatly contributed to the organisation of all these
meetings and to assure the recruitment of the temp
staff.

Sylvie Costille-Varey, Nathalie Puillet, UMR 6249,
Besangon

Monique Segura, UMR 6173, Tours

Lagtitia Bassereau, Brigitte Colas, UMR 5594, Dijon
Isabelle Mouret, Marion Landre, Soizic Viaouét,
Sophie Bui, USR 3124, Besangon

Jean-Marc Bourgeon, UMS 2739, Dijon

Sasa Caval, IAPS ZRC SAZU Ljubljana

Béatrice Fixois UMR 7041 Nanterre

Martine Joly, M. Masse, Mme Fernoux, Univ. Paris
1V /INHA, Paris

Finally, the archaedyn collective would like to thank
Cécile Tannier (ThéMA, UMR 6049) and Lahouari
Kaddouri (ESPACE, UMR 6072) for their review and
advice to improve the papers.






ARCHAEDYN TEAM
ACI « Spaces and territories » 2005-2007. Contract ET 28.

Coordinators

FAVORY Frangois 2005-2008

Professor, UMR 6249, CNRS-univ. Franche-Comté

Ancient History and Gallo-Roman archaeology

Member of the steering group

Co-responsible of Workgroup 1 “Catchment areas, terroirs and
community lands”.

Member of Workgroup 2 “Settlement patterns and territories™:
modeling of settlement system in eastern Languedoc
favory.francois2@wanadoo.fr

Workgroup’s responsibles

BERTONCELLO Frédérique 2005-2008

CR1 CNRS, UMR 6130 CEPAM, CNRS-UNSA

Spatial archaeology

Member of the steering group

Co-responsible of Workgroup 2 “Settlement patterns and
territories”: modeling of settlement system in the Argens’ valley
and the Massif des Maures (PACA)

Member of Workgroup 1 “Catchment areas, terroirs and
community lands”: modeling of areas spreading agrarian in the
Argens’ valley and the Massif des Maures (PACA)

Member of Workgroup 4 “Methods and tools of spatial
analysis”

fberton@cepam.cnrs.fr

FOVET Elise 2005-2008

PhD student, UMR 6249, CNRS-univ. Franche-Comté

Spatial archaeology

Member of the steering group

Co-responsible of Workgroup 1 “Catchment areas, terroirs and
community lands”

Member of Workgroup 2 “Settlement patterns and territories™:
modeling of settlement system in eastern Languedoc

Member of Workgroup 4 “Methods and tools of spatial
analysis”

elise.fovet@univ-fcomte. fr

GAUTHIER Estelle 2005-2008

Lecturer, UMR 6249, CNRS-univ. Franche-Comté

Spatial archaeology

Member of the steering group

Co-responsible of Workgroup 3 “Diffusion of raw materials and
manufactured objects”

Member of Workgroup 4 “Methods and tools of spatial
analysis”

estelle.gauthier@univ-fcomte.fr

OSTIR Kristof 2005-2008

Professor, IEAS, ZRC-SAZU, Ljubljana (Slovenia)
Geodesy, remote sensing and spatial analysis
Member of the steering group.

NUNINGER Laure 2005-2008

CR2 CNRS, UMR 6249, CNRS-univ. Franche-Comté

Spatial archaeology

Member of the steering group

Member of Workgroup 1 “Catchment areas, terroirs and
community lands”: modeling of areas spreading agrarian in
Vaunage (Gard)

Member of Workgroup 2 “Settlement patterns and territories™:
modeling of settlement system in eastern Languedoc

Member of Workgroup 3 “Diffusion of raw materials and
manufactured objects”

Member of Workgroup 4 “Methods and tools of spatial
analysis”

laure.nuninger@univ-fcomte. fr

Co-responsible of Workgroup 4 “Methods and tools of spatial
analysis”

kristof(@zrc-sazu.si

POIRIER Nicolas 2005-2008

PhD, UMR 6173 CNRS-univ. Tours

Rural archaeology and spatial analysis

Member of the steering group.

Co-responsible of Workgroup 1 “Catchment areas, terroirs and
community lands”

Member of Workgroup 2 “Settlement patterns and territories”:
modeling of settlement system in Berry (Sancergues)

Member of Workgroup 4 “Methods and tools of spatial
analysis”

nico.poirierl 8@wanadoo.fr

SALIGNY Laure 2005-2008

1E, MSH de Bourgogne, CNRS-univ. Bourgogne

Géomatics

Member of the steering group

Co-responsible of Workgroup 4 “Methods and tools of spatial
analysis”

Member of Workgroup 3 “Diffusion of raw materials and
manufactured objects”

laure.saligny@u-bourgogne.fr

TREMENT Frédéric 2005-2008

Professor, UMR 6042/EA 1001 CHEC, univ. Clermont Ferrand
Gallo-Roman archaeology

Member of the steering group

Co-responsible of Workgroup 2 “Settlement patterns and
territories”: modeling of settlement system in Limagne
(Auvergne)

frederic.trement@wanadoo.fr

WELLER Olivier 2005-2008

CRI1 CNRS, UMR 6249, CNRS-univ. Franche-Comté ; UMR
7041A4rScAn, CNRS-univ. Nanterre-Paris I

Neolithic archaeology

Member of the steering group



Seven millennia of territorial dynamics:
settlement patterns, production and trades from the Neolithic to the Middle Ages

Co-responsible of Workgroup 3 “Diffusion of raw materials and
manufactured objects” : modeling of production and circulation

Members of the Archaedyn program

AFFOLTER Jehanne 2006-2008

PhD, UMR 5594, CNRS, CNRS-univ. Bourgogne

Neolithic archaeology

Member of Workgroup 3 “Diffusion of raw materials and
manufactured objects”: distribution of flint deposits exploited
to the Neolithic in Centre-East of France and Switzerland.

ALLARD Pierre 2005-2008

CR2 CNRS, UMR 7055, CNRS-univ. Nanterre-Paris X
Neolithic archaeology

Member of Workgroup 3 “Diffusion of raw materials and
manufactured objects”: exploitation, production and circulation
of siliceous products to early Neolithic (Linear Pottery or
Rubanée)

BRUN Patrice 2005-2008

Professor, UMR 7041 ArScAn, CNRS-univ. Nanterre-Paris I
Protohistoric Archaeology

Member of the steering group

Member of Workgroup 3 “Diffusion of raw materials and
manufactured objects”

CROUTSCH Christophe 2005

PhD, UMR 6249, CNRS-univ. Franche-Comté

Neolithic archaeology

Member of Workgroup 3 “Diffusion of raw materials and
manufactured objects”

DOUSTEYSSIER Bertrand 2005- 2008

PhD student, IE, EA 1001 CHEC, univ. Clermont Ferrand
Gallo-Roman archaeology

Member of Workgroup 2 “Settlement patterns and territories”:
modeling of settlement system in Limagne

DUFRAISSE Alexa 2006- 2007

CR2 CNRS, UMR 7041 ArScAn, CNRS-univ. Nanterre-Paris I
Anthracology

Member of Workgroup 1 “Catchment areas, terroirs and
community lands” : modelling timber supply Neolithic sites of
Lake Chalain (Jura)

FILY Muriel 2005

PhD student, UMR 5594, CNRS, CNRS-univ. Bourgogne
Bronze Age archaeology

Member of Workgroup 3 “Diffusion of raw materials and
manufactured objects”

GABILLOT Maréva 2005-2008

CRI CNRS, UMR 5594, CNRS, CNRS-univ. Bourgogne
Bronze Age archaeology

Member of Workgroup 3 “Diffusion of raw materials and
manufactured objects” : istribution of the discoveries of bronze
objects (heel axes) in the lower valley of the Seine

GANDINI Cristina 2005-2008

PhD, UMR 8546 AOROC, CNRS-ENS Ulm

Gallo-Roman archaeology and spatial archaeology

Member of the steering group

Member of Workgroup 2 “Settlement patterns and territories™:
modeling of settlement system in Berry
cristinagandini@yahoo.fr

of salt in the West of France and Romanian Moldova
olivier.weller@libertysurf.fr

GARCIA Dominique 2005-2007

Professor, UMR 6573, CNRS-univ. Provence [

Iron Age archaeology

Member of Workgroup 2 “Settlement patterns and territories™:
modeling of settlement system on the plateau of Valensole and
the basin of the Verdon

GAZENBEEK Michiel 2006-2007

Ingineer, INRAP, UMR 6130 CEPAM, CNRS-UNSA4
Gallo-Roman archaeology

Member of Workgroup 1 “Catchment areas, terroirs and
community lands”: modeling of areas spreading agrarian in the
Massif des Maures (PACA)

HIRN Vincent 2005-2007

PhD student, UMR 6173 CNRS-univ. Tours

Medieval archaeology

Member of Workgroup 1 “Catchment areas, terroirs and
community lands”

Member of Workgroup 2 “Settlement patterns and territories™:
modeling of settlement system in Neuvy-le-Roi (Indre-et-Loire)

JACCOTTEY Luc 2005-2008

INRAP, UMR 6249, CNRS-univ. Franche-Comté

Neolithic archaeology

Member of Workgroup 3 “Diffusion of raw materials and
manufactured objects” : distribution and mineralogical origin of
the milling objects in Franche-Comté, to Neolithic

KOKALJ Ziga 2005-2008

PhD student, IEAS, ZRC-SAZU, Ljubljana (Slovénie)
Geography, spatial analysis and modeling

Member of Workgroup 4 “Methods and tools of spatial
analysis”

LAUTIER Laurence 2005-2008

PhD student, INRAP, UMR 6130 CEPAM, CNRS-UNSA4

Iron Age archaeology

Member of Workgroup 2 “Settlement patterns and territories™:
modeling of settlement system in Préalpes de Grasse (PACA)

LEROY Murielle 2005-2008

Conservateur du patrimoine

SRA, DRAC Lorraine (Ministere de la Culture)

Gallo-Roman archaeology

Member of Workgroup 1 “Catchment areas, terroirs and
community lands”: modeling ancient field systems preserved in
forest (Lorraine)

murielle.leroy@culture.gouv.fr

MARSETIC Ales 2007-2008

IE, IEAS, ZRC-SAZU, Ljubljana (Slovénie)

Geodesy, remote sensing and spatial analysis

Member of Workgroup 4 “Methods and tools of spatial
analysis”

MARTINEAU Rémi 2005-2007

CRI CNRS, UMR 5594, CNRS, CNRS-univ. Bourgogne
Neolithic archaeology

Member of Workgroup 3 “Diffusion of raw materials and
manufactured objects” : distribution of lithics objects and
settlements of the Neolithic in central-eastern France



Archaedyn team

MILLEVILLE Annabelle 2005-2008

PhD,UMR 6249, CNRS-univ. Franche-Comté

Archaeology, Mineralogy

Member of Workgroup 3 “Diffusion of raw materials and
manufactured objects”: distribution and mineralogical origin of
the milling objects in Franche-Comté, to Neolithic

MOCCI Florence 2005-2008

Ingineer CNRS, UMR 6573, CNRS-univ. Provence I
Gallo-Roman archaeology

Member of Workgroup 2 “Settlement patterns and territories™:
modeling of settlement system on the plateau of Valensole and
the basin of the Verdon

MORDANT Claude 2005-2008

Professor, UMR 5594, CNRS, CNRS-univ. Bourgogne

Bronze Age Archaeology

Member of the steering group

Member of Workgroup 3 “Diffusion of raw materials and
manufactured objects”: diffusion of bronze objects (swords,
axes and deposits) in the valleys of the Saéne and Rhone

MOREAU Anne 2005-2008

PhD student, UMR 6173 CNRS-univ. Tours

Gallo-Roman and medieval archaeology

Member of Workgroup 2 “Settlement patterns and territories™:
modeling of settlement system in Touraine

MOREAU Clément 2005-2008

PhD student, UMR 5594, CNRS, CNRS-univ. Bourgogne
Neolithic archaeology

Member of Workgroup 3 “Diffusion of raw materials and
manufactured objects”

NOUVEL Pierre 2005-2008

Lecturer, UMR 6249, CNRS-univ. Franche-Comté
Gallo-Roman archaeology

Member of Workgroup 1 “Catchment areas, terroirs and
community lands”: modeling ancient field systems preserved in
forest (Yonne)

Member of Workgroup 2 “Settlement patterns and territories™:
modeling of settlement system in the watershed of the Yonne,
in Burgundy

PEHANI Peter2007-2008

Ingineer IEAS, ZRC-SAZU, Ljubljana (Slovénie)

Geomatic, webmapping

Member of Workgroup 4 “Methods and tools of spatial
analysis”

PENNORS Francoise 2005-2007

PhD,UMR 7041 ArScAn, CNRS-univ. Nanterre-Paris I

Bronze Age Archaeology

Member of Workgroup 3 “Diffusion of raw materials and
manufactured objects”: distribution of bronze objects and
deposits in France

PETREQUIN Pierre 2005-2008

DR CNRS, UMR 6249, CNRS-univ. Franche-Comté

Neolithic archaeology

Member of Workgroup 3 “Diffusion of raw materials and
manufactured objects”: diffusion of large axes made of precious
stones in the Alps Italian, to Neolithic

QUILLIEC Bénédicte 2006-2007
PhD, UMR 7041 ArScAn, CNRS-univ. Nanterre-Paris I
Bronze Age Archaeology

Member of Workgroup 3 “Diffusion of raw materials and
manufactured objects”: distribution of bronze swords in the
west of France

RAYNAUD Claude 2005-2007

DR CNRS, UMR 5140, CNRS-Culture-univ. Montpellier 111
Gallo-Roman archaeology

Member of Workgroup 2 “Settlement patterns and territories™:
modeling of settlement system in eastern Languedoc

RODIER Xavier 2005-2008

Ingineer CNRS, MSH Villes, CNRS-univ. Tours

Geomatic

Member of Workgroup 4 “Methods and tools of spatial
analysis”

ROTTIER Stéphane 2005-2006

Contractuel archaeologist, UMR 5594, CNRS, CNRS-univ.
Bourgogne

Bronze Age Archaeology

Member of Workgroup 3 “Diffusion of raw materials and
manufactured objects”: distribution of pins to Bronze Age in
Western Europe

SEGARD Maxence 2005-2006

PhD, UMR 6573, CNRS-univ. Provence

Gallo-Roman archaeology

Member of Workgroup 2 “Settlement patterns and territories™:
modeling of settlement system in Limagne

SESTIER Claude T 2005-2006

Associate research, UMR 5594, CNRS, CNRS-univ. Bourgogne
Neolithic archaeology

Member of Workgroup 3 “Diffusion of raw materials and
manufactured objects”: Distribution of lithic objects and
settlements of the Neolithic in central-eastern France

TECCO-HVALA Sneza 2005-2008

Ingineer, ZRC-SAZU, Ljubljana (Slovénie)

Protohistoric archaeology

Member of Workgroup 2 “Settlement patterns and territories™:
modeling of the protohistoric settlement system in Slovenia
(Dolenjska)

THERY-PARISOT Isabelle 2005-2006

CRI CNRS, UMR 6130 CEPAM, CNRS-UNSA

Anthracology

Member of Workgroup 1 “Catchment areas, terroirs and
community lands”

TOLLE Florian 2006-2007

Post-doctoral CNRS, UMR 6249, CNRS, CNRS- univ. Franche-
Comté (UMR 6049 ThéeMA)

Geography, spatial analysis and modeling

Member of Workgroup 4 “Methods and tools of spatial
analysis”

florian.tolle@univ-fcomte.fr

VELJANOVSKI Tatjana 2006-2007

PhD, IEAS, ZRC-SAZU, Ljubljana (Slovénie)

Geodesy, remote sensing and spatial analysis

Member of Workgroup 4 “Methods and tools of spatial
analysis”

ZADORA-RIO Elisabeth 2005-2008
DR2 CNRS, UMR 6173 CNRS-univ. Tours
Medieval rural archaeology

Member of the steering group



Seven millennia of territorial dynamics:
settlement patterns, production and trades from the Neolithic to the Middle Ages

Member of Workgroup 1 “Catchment areas, terroirs and Geodesy and spatial analysis
community lands” Member of Workgroup 4 “Methods and tools of spatial
analysis”

ZAKSEK Klemen 2006-2007
PhD, IEAS, ZRC-SAZU, Ljubljana (Slovénie)

Technical assistants and administrators having strongly collaborated with the program

BASSEREAU Laétitia 2005-2008 MOUTAMAN Franciska 2007

UMR 5594, CNRS, CNRS-univ. Bourgogne UMR 7041, ArScAn, CNRS-univ. Nanterre-Paris |
COSTILLE-VAREY Sylvie 2005-2008 SEGURA Monique 2005-2008

UMR 6249, CNRS-univ. Franche-Comté UMR 6173 CNRS-univ. Tours

FIXOIS Béatrice 2007 VIAOUET Soizic 2005-2008

UMR 7041, ArScAn, CNRS-univ. Nanterre-Paris I MSH C. N. Ledoux, UMS 2913, Besangon

MOURET Isabelle 2005-2008
MSH C. N. Ledoux, UMS 2913, Besan¢on



CONTENTS

ACKNOWLEDGEMENTS
ARCHAEDYN TEAM

INTRODUCTION TO THE ARCHAEDYN PROJECT
(L. Nuninger, Fr. Favory)
1. The ArchaeDyn project
1.1 Societies, territories and resources
1.2 Thematic and chrono-cultural approaches
1.3 At the crux of the program: territorial dynamics
1.4 Indicators of occupation
2. Scientific assessment
2.1 The ArchaeDyn project and spatial archaeology in France
2.2 Assessment of the ArchaeDyn project
2.3 Space in the Archaeomedes and ArchaeDyn programmes
2.3.1 Spaces and Territories
2.3.2 From space as a medium to space as an object of enquiry
2.3.3 Analysis of trajectories to dynamic systems
3. Conclusion and perspectives
References

CHAPTER 1
MODELS AND TOOLS FOR TERRITORIAL DYNAMIC STUDIES
(L. Nuninger, L. Saligny, K. Ostir, N. Poirier, E. Fovet, C. Gandini, E. Gauthier, Z Kokalj, F. Tolle,
with the collaboration of the ArchaeDyn team)
1. Spatial and chronological homogenization of data
1.1 From data to information
1.2 Space as a subject of study
1.3 From dating to time issues
2. Evaluation of databases and of their reliability for analyses — confidence maps
2.1 Representation maps
2.2 Reliability maps
2.3 Confidence maps
3. Developing the indices of spatio-temporal dynamics
3.1 Estimating the mean trends of mobility
3.1.1 Common methodological principles
3.1.2 The implementation specific to each workgroup
3.1.3 Critical feedback and possible avenues for development
3.2 Assessment of the degree of stability / instability for spaces
3.2.1 Density estimation
3.2.2 Mapping density changes
3.3 From hierarchical typology to the spatial structuring index or level of hierarchical organization
4. Conclusion
References

CHAPTER 2
THE TIME-SPACE DYNAMICS OF AGRICULTURAL AREAS FROM ANTIQUITY TO MODERN TIMES
(N. Poirier, M. Georges-Leroy, F. Tolle, E. Fovet, with the collaboration of the members of Workgroup 1)
1. Ancient field systems
1.1 The study areas and data
1.2 Characterization of the field systems
1.2.1 Analytical procedure
1.2.2 Developing intensity and structuring indices
1.2.3 Combining the indices
1.3 Comparing the systems with the surrounding area
1.3.1 Comparison in relation to the environmental data
1.3.2 Comparison in relation to human data

13

13
13
13
14
14
14
15
15
15
16
16
18
19
20

23

23
23
24
25
26
26
27
27
28
28
28
29
30
31
31
33
33
35
35

39

39
39
40
40
41
43
43
43
44



Seven millennia of territorial dynamics:
settlement patterns, production and trades from the Neolithic to the Middle Ages

2. Agrarian manurings 44
2.1 Background 44
2.2 Presentation of the study areas 44
2.3 Analytical procedure and main results 45
2.3.1 Durability and mobility indices 46
2.3.2 Evolution of the intensity and area of manurings 46
2.3.3 Durability of agrarian investment and spatial dynamics 47
3. Conclusion and perspectives 48
References 49

CHAPTER 3

SPATIO-TEMPORAL DYNAMICS OF SETTLEMENT PATTERNS IN CENTRAL AND SOUTHERN GAUL FROM

800 BC TO 800 AD: MODELS FOR LONG-TERM INTERREGIONAL COMPARISON 51

F. Bertoncello, E. Fovet, C. Gandini, F. Trément and L. Nuninger
(with the collaboration of the members of Workgroup 2)

1. A comparative approach 52
1.1 Redefining the datasets 52
1.2 Evaluating data reliability 52
2. The indices of settlement intensity, stability and patterns 53
2.1. The quantitative indices 53
2.2 The hierarchical indices 54
2.3 The settlement intensity and stability indices 55
2.3.1 Modelling spatio-temporal dynamics: mean centre analysis 56
2.3.2 The stability indices: maps of density change 58
2.4 Indices of hierarchical organization 60
3. Conclusion and prospects 63
References 63
CHAPTER 4
THE SEARCH FOR A COMMON METHODOLOGY FOR STUDYING THE SPATIAL DYNAMICS OF MATERIAL
AND PRODUCT CIRCULATION IN ANCIENT TIMES 65
E. Gauthier, O. Weller and L. Nuninger (with the collaboration of M. Gabillot, B. Quilliec)
1. Formulating and validating the data 65
1.1 The programmes 65
1.2 The reliability of the spatial distribution of the data 67
1.3 Chronology 68
2. A common approach for the main areas of consumption 69
2.1 Determining concentrations (concentration/ dispersion indices) 69
2.2 Highlighting shifts in concentrations over time (stability/instability indices) 70
3. Modelling the main potential areas of consumption: analysis of a case study 71
3.1 Problematics of the study 72
3.2 The Middle Bronze Age 72
3.3 The Late Bronze Age 73
3.4 Proposed interpretation 74
4. Conclusion 75
References 75
LIST OF FIGURES 79

10



11



CHAPTER 3
SPATIO-TEMPORAL DYNAMICS OF SETTLEMENT PATTERNS IN CENTRAL AND
SOUTHERN GAUL FROM 800 BC TO 800 AD:
MODELS FOR LONG-TERM INTERREGIONAL COMPARISON

F. Bertoncello, E. Fovet, C. Gandini, F. Trément and L. Nuninger

With the collaboration of the members of Workgroup 2

Abstract: Workgroup 2 on ‘settlement patterns and territories’ seeks to apprehend the intensity, stability and the forms
of long-term (800 BC — 800 AD) occupation of rural space using indices related to settlements. Eleven study areas in
central and southern France and in Slovenia are examined. A common protocol was defined to homogenize the data and
assess their reliability so interregional comparisons could be made. Quantitative and chronological indices show
settlement intensity and dynamics while qualitative indices express the hierarchical typology of settlements. The
combination and spatialization of these indices reveals the structure of settlement patterns and allows us to identify the
areas that were more or less intensely occupied, in a more or less permanent and stable manner throughout the 16

centuries under consideration.

Key-words: Settlement patterns, settlement intensity and stability, spatial analysis, modelling, Central and Southern

France, Iron Age and Antiquity.

As part of ACI Archaedyn project, Workgroup 2, on
‘settlement patterns and territories’,' investigates the
intensity, stability and forms of occupation of rural areas
over the long term, using settlement-related indices. The
study is both diachronic, ranging from 800 BC to 800 AD,
and interregional, since 11 study areas in southern and
central France and in Slovenia' (Dolenjska) are covered

(fig. 1).

' The team includes 19 researchers from 8 universities and the CNRS:
Auvergne-Limagne: B. Dousteyssier, M. Segard, F. Trément
(University of Clermont-Ferrand 2, EA 1001); Berry — Champagne
berrichonne: C. Gandini (ENS, Paris, UMR 8546); Berry —Sancergues:
N. Poirier (University of Tours, UMR 6173); Bourgogne — Vallée de
I’Yonne: P. Nouvel (University of Franche-Comté, UMR 6249);
Languedoc — Vaunage/Combas: F. Favory, E. Fovet, L. Nuninger
(University of Franche-Comté, UMR 6249), C. Raynaud (Lattes, UMR
5140); Provence — Argens-Maure: F. Bertoncello, M. Gazenbeek (Nice,
UMR 6130); Provence — Préalpes de Grasse: L. Lautier (Nice, UMR
6130); Provence — Verdon: D. Garcia, F. Mocci (Aix-en-Provence,
UMR 6573); Touraine — Neuvy-le-Roi: V. Hirn (University of Tours,
UMR 6173); Touraine — Tavant, fles Bouchard et Crousilles: A. Moreau
(INRAP, Paris); Slovenia — Doljenska: K. Ostir, S. Tecco-Hvala (ZRC,
SAZU, Ljubljana).
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B. D

data: F.
V. Him, L. Lautier, F. Mocci, A. Moreau, P. Nouvel,

M. Ségard, F. Trément. Geographical data - GEOFLA, IGN France 2006
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Fig. 1: Location of the areas studied in France. (Map: S. Aussel).

On the basis of data collected by field walking surveys as
part of various research programmes or academic work,
for the 11 micro-regions and 16 centuries under
consideration, we ask:

- What are the settlement dynamics and patterns?

- Which areas are occupied and which abandoned?

- What are the relations between the hierarchy of the
settlements, the intensity and the stability of the occupied
areas?

This involves creating synthetic settlement indices based
on existing data so that interregional situations can be
compared on a common methodological and conceptual
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basis. Drawing on the methodological achievements of
the European Archacomedes programme” (Favory et al.,
1999; Van der Leeuw et al., 2003), we further develop
the spatial approach to settlement dynamics. The
principal innovation consists in changing the subject of
study: we move from analysing the settlements and the
system of settlement (hierarchized, structured) to
studying the space occupied by the settlements, which is
a particularly appropriate  perspective  for our
comparative, diachronic and interregional approach. This
also opens up a field of cooperation with other
approaches to land use (such as those developed by
Workgroup 1 of the Archaedyn programme on the areas
of manured land). Finally, it must be pointed out that the
geographical extent of the study is considerably enlarged
compared with the Archacomedes programme which was
centred on southern France. On the basis of a shared
analytical protocol, this expansion enables an
unprecedented comparison of the settlement patterns and
dynamics between the southeast and the centre of France.
This comparison is extended to a micro-region of
Slovenia solely for the Iron Age. However, due to the
type of data, the comparison could only be made possible
with a single French micro-region, and we will not
develop this case here (Lautier and Tecco-Hvala in
Bertoncello and Trément (eds), 2007).

1. A comparative approach
1.1 Redefining the datasets

The diversity of the areas covered by the study leads to
unavoidable heterogeneity of the data, which can be
attributed to three main factors:

- the geographical diversity of the regions studied;

- the large variability of the spatial scales involved:
while some study areas cover just a few communes
(50 km?), most are situated on a micro-regional scale
(100-500 km?), and one on a regional scale (about
18 000 km?);

- the diversity of data collection procedures, not only
between the areas surveyed in a systematic or partial
manner, but also as a function of differences in the
systematic surveying and collection methods.

To reduce this heterogeneity and compare the information,
the areas offering optimal data resolution and quality were
selected, thus sometimes reducing the size of the study
areas initially planned.

To ensure some homogeneity of the chronological
resolution and the formal characteristics of the settlements
(particularly for building materials), the study was
refocused on the period between 800 BC and 800 AD: this
is the minimum chronological interval documented in all

2 Programmes of DGXII of the Commission of the European
Communities: Archaecomedes 1 ‘Understanding the natural and
anthropogenic causes of soil degradation and desertification in the
Mediterranean basin’, Archacomedes II ‘Policy-relevant models of the
natural and anthropogenic dynamics of degradation and desertification
and their spatio-temporal manifestations’.
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of the study areas, thus enabling us to develop a common
typology of settlement.

Qualitatively, only settlement remains were taken into
account. Burial sites were not directly included in the
analysis because they obey a different logic of spatial
occupation and exhibit a specific temporal resolution
(generally longer). In addition, the problem arose of the
availability of this type of information in all of the regions
under consideration and of its spatial continuity.

Settlement is considered here in a broad sense, such as it is
defined in geography by R. Brunet: ‘Settlement (/ habitat)
is the grouping and the layout of dwellings in a given
space; it can include annexes for animals and reserves, as
well as workshops and other constructions for professional
use. [...] Rural settlement (/’habitat rural) [corresponds]
to anything built in the country’ (Brunet et al., 1992: 229).
However, a sharp distinction was made between ‘site’ and
‘settlement’:

Site refers to a localized and delimited concentration of
archaeological remains that are sufficiently characterized
to be dated. Site is understood therefore as a geographical
and archaeological reference; it is a basic entity that can be
located by survey in addition to the indices of sites or
manuring (off-site remains).

Settlement refers more specifically to human occupation.
A settlement is a place where humans settle (with no
structural or functional connotation) at a given moment, in
a more or less permanent and uninterrupted manner. A
settlement may correspond therefore to a site or part of a
site: several human occupations (several settlements) may
follow one another at the same point in space (on the same
site).

Since the ‘Settlement patterns and territories’ workgroup
aims at studying the intensity and the stability of the
occupation of spaces over the long term, settlements and
not sites are used in the analyses: quantitative curves of
settlement patterns, hierarchical organization and spatial
distribution of settlement.

Finally, the dataset originally envisaged was halved, from
4213 to 2127 settlements. The different study areas
contribute unequally to the dataset, from 25% to less than
1% of the dataset depending on the area.

1.2 Evaluating data reliability

A common protocol for evaluating how representative the
data is was defined collectively in order to interpret the
results of the spatial analysis. It consists of defining levels
of reliability as a function of the extent of investigation
and the survey conditions in each study area (Table 1).

The definition of the study area, which varies according to
the criteria adopted by each team, was homogenized for
the analysis. It was delimited in each zone by aggregating
the buffers calculated around each settlement. Several radii
were tested for the buffers: a 3000 m radius was chosen,
making it possible to best define settlement distribution
while minimizing the residual interstices within the
aggregated buffers.
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Level 1 (reliable)

Level 2 (moderately

Level 3 (unreliable)

reliable)

(1) areas where fields
were systematically
walked with maximum 10
m spacing, and (2) where
visibility conditions are
optimal (ploughland or
vineyard or lavender).

(1) areas where fields
were systematically
walked with more than 10
m spacing, or (2) where
fields were systematically
walked but the ground is
only partially visible
(wildland, fallow,
meadowland, woodland)

(1) areas where fields
were only partially
walked if at all and/or (2)
visibility is very poor due
to land use and/or (3)
areas where significant
taphonomic problems are
assumed (sedimentary
cover or erosion).

Table 1: Levels of reliability as a function of the extent of investigation and the survey conditions.

However, superimposing the reliability map and the study
area would reveal the possible inclusion of extensive
unreliable areas (level 3) within the study area, or more
exceptionally, the exclusion of very reliable areas which
lack data. In order to minimize this problem, buffers were
also calculated around sectors of reliability levels 1 and 2
(reliable and moderately reliable) exclusively. The
combination of this space and the study area then
constitutes the reference area used for the spatial analysis.
Finally, as for each thematic workgroup, the ‘confidence
map’ represents the result of this process of data
evaluation, which is crucial for assessing the validity of
the interpretations proposed at the end of the spatial
analysis. The confidence map not only locates the areas
exhibiting a concentration or, on the contrary, a lack of
settlements, but also allows us to evaluate the extent to
which these over- or under-representations can be linked
to the investigative conditions (Ostir et al, 2008;
Nuninger ef al., chapter 1).

2. The indices of settlement intensity, stability
and patterns

Two types of indices were used to apprehend settlement
intensity, stability and organization over the long term:

1. quantitative indices showing settlement intensity
and dynamics (number of settlements and total area
occupied per century, number of settlements
created, abandoned and re-occupied);

2. qualitative indices (hierarchical typology of the
settlements) reflecting the organization of
settlement patterns.

The combination of these indices and their spatialization
makes it possible to locate the areas which were more or
less intensely occupied in a more or less permanent and
stable manner over the 16 centuries under consideration.
Taking the hierarchical level of the settlements into
account also allows us to apprehend the modalities of the
settlement patterns in each area.

2.1. The quantitative indices

The distribution of the number of settlements occupied per
century gives a first indication of settlement intensity and
its long-term evolution (fig. 2). Three major phases can be
identified: (1) the first, between the 8th C and the 3rd C
BC, is globally characterized by a low proportion of

53

occupation (less than 5% of the occupations studied
between the 8th C BC and the 8th C AD); (2) the number
of occupied settlements increases strongly (except in
Touraine - Tr) between the 2nd C BC and the 2nd C AD,
and generally peaks in the 1st C AD. Although this is an
absolute maximum in almost all cases, the rhythm of this
phenomenon is variable; (3) a substantial decline in the
number of occupations occurs between the 2nd—4th C and
the 8h C AD, except in Touraine (Tr), with different
rhythms and modalities from one region to another.
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Fig. 2: Quantitative evolution of settlement in eight
French study areas.

The curves of the sum of the settlements area’ globally
contribute to restoring the balance between the different
periods, particularly to the benefit of the second Iron Age,
late Antiquity and the Early Middle Ages. A more or less
regular increase in the occupied area is observed from the
6th C BC in Languedoc (Lg), Verdon (Vd) and Argens
(Ar), and from the 3rd C in Limagne (Lm) and the Pre-

3 The area of all the occupied settlements is added for each century.
This index expresses the intensity of human pressure across each region
more accurately.
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Alps (Pg). The occupied area in most of the other regions
tends to increase in the 2nd C BC and particularly in the
Ist C BC, to peak in the 1st C AD. The peak observed
almost everywhere in the 1st C BC has a very variable
duration from one region to another: while limited to the
Ist C AD in Languedoc and the Pre-Alps, it continues
into the 2nd C in Argens, Verdon, Berry (Br), and into
the 3rd C in Burgundy (Bg) and Limagne.

Two areas (Berry-Sancergues and Touraine-Tavant, lle
Bouchard, Crouzilles) were omitted from the quantitative
analysis by century because they were not statistically
representative.

Analysis of the frequency of creations, abandonments and
re-occupations per century reveals the underlying
settlement dynamic. The period between the 2nd C BC
and the 1st C AD is characterized by intense creation.
The asynchrony of this phenomenon must be pointed out.
It begins in the 2nd C BC in most regions (Burgundy,
Berry, Argens, Languedoc, the Pre-Alps, Verdon), and
even in the 3rd C BC in Limagne. While it increases in
the 1st C BC in Burgundy, Berry, Argens and Languedoc,
it is temporarily interrupted in Limagne, the Pre-Alps and
Verdon. In several regions (Limagne, Languedoc,
Argens, Verdon), the 1st C AD is the most abundant
phase of creations and re-occupations. It is interesting to
note that this period of growth is marked in some regions
by high settlement instability, which is expressed by
simultaneous creations and abandonments: this is true of
Limagne in the 2nd C BC and particularly of Languedoc
in the 1st C BC.

The following period (2nd-8th C AD) displays a
relatively low rate of creations (with the exception of
Touraine). On the contrary, abandonments of settlements
are relatively numerous from the 2nd C until the end of
the period. The very marked asynchrony of this
phenomenon of abandonment, which is long-lasting and
appears complex, must be pointed out. These regional
discrepancies contradict the hypothesis of a ‘general
crisis’ in rural areas during the Late Empire. Now and
then, signs of renewal are even observed in places, in the
form of late creations (in Languedoc in the 4th C and in
Argens in the 5th C) or re-occupations (in Languedoc and
the Pre-Alps in the 4th C; in Limagne, Argens and
Verdon in the 5th C; in Touraine in the 6th C and in
Berry in the 6th—7th C). The loose chronological
correlation between these phenomena of creation/re-
occupation and abandonment suggests a certain
settlement stability in a system which is most likely
undergoing change.

Although the modalities of development vary over time
depending on the regions, some general trends stand out
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allowing us to propose two development ‘models’ for the
Roman period (fig. 3):

- a model represented by Languedoc and Argens
and, to a lesser extent Verdon and the Pre-Alps
(mode A), characterized by a relatively short
period of optimal development in the Early
Empire (1 to 2 centuries), followed by an early but
rather limited decline in the 3rd C AD, and a
pronounced but unsynchronized renewal in the 4th
and 5th C;

- a model represented by Burgundy, Berry and
Limagne (mode B), characterized by a more
sustained but unsynchronized period of
development (3 centuries), followed by a
pronounced and sustained decline from the 3rd—
4th C AD.

These two models express particular regional dynamics
which need to be more deeply explored but do not
necessarily refer to a simple contrast between Transalpine
Gaul and the Three Gauls.

Mode A

AN

8 7 6 5 4 3 2 1 1 2 3 4 5 6 7 8

Fig. 3: The two models of settlement development.
2.2 The hierarchical indices

In order to compare settlement organization in the different
regions and over the 16 centuries considered, a common
hierarchical typology of settlement was drawn up. The
descriptive grid used includes five variables: settlement
surface area, building materials, duration of settlement
occupation, former occupation of the site, and settlement
function. These variables have proved to be the most
relevant for characterizing rural settlement over the twenty
years’ experience acquired in southern France, particularly
in the context of the Archaeomedes programme (Fiches et
al., 1987; Favory et al., 1987-1988; Favory et al., 1994;
Durand-Dastés et al, 1998; Bertoncello, 1999;
Bertoncello, 2002; Nuninger, 2002; Van der Leeuw ef al.,
2003; Bertoncello and Gandini, 2005). The descriptive
grid has also been adapted to the specificities of the
regional databases and the range of problems addressed by
Workgroup 2 (Gandini and Bertoncello, 2008).
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Classes| Frequency| Area Duratwr.l of Building materials Forme_r Function Interpretation

occupation occupation

1 15% <0.1ha | <1 century stones and tiles none agricultural orno | agricultural

known function buildings, small
farms or hamlets

2 22% <0.l1ha | <1centuryor?2 | tiles and/or stones or | none agricultural or no
or 0.1- centuries perishable materials or known function
0.3 ha maximum absence of materials

3 24% 0.1-0.5 1-3 centuries tiles none agricultural orno | farms or hamlets
ha known function

4 12% 0.5-1 ha | 3—4 centuries or | stones and tiles + for | none agricultural orno | large farms or
oreven | 2-3 centuries some hypocaust bricks, known function villages
1-2 ha tubuli, painted coatings|

5 14% 1-2 haor| 5-10 centuries ordinary (stones and/or| none or agricultural orno | villae or villages/
even 0.5— tiles) or more elaborate| ancient known function oppida
1 ha (mosaic, marble, former

sculpted elements occupation
and/or hypocaust (more than 2
bricks, tubuli, painted | centuries
coatings earlier)

6 3% 3% 2-5 | >S5 centuries, or | mosaic, marble, none or political and/or agglomerations,
ha or even > 15 sculpted elements ancient religious and/or large oppida
even > 5 | centuries former symbolic function
ha occupation

(more than
2 centuries
earlier)

7 8% 2-5ha <1 century or 2 | varied (from perishable| none varied: mainly atypical
centuries materials to mosaic, agricultural settlements
maximum marble, sculpted function or no

elements) known function,
but 31% with a
political and/or
religious and/or
symbolic function
+ most of the
settlements with
specialized craft
activity are in this
class

Table 2: The hierarchical typology of the settlements.

The hierarchical typology was established from 1278
settlements from 10 study areas in France occupied
between the 8th C BC and the 8th C AD. Seven classes of
settlements were defined using an automatic classification
based on Factor Analysis (AFC) and Agglomerative
Hierarchical Clustering (CAH - Ward’s method)
(Nuninger et al, chapter 1; Gandini and Bertoncello,
2008) (Table 2). By hierarchy, we mean the sorting of the
settlements by degree of importance based on the level and
the range of their forms and functions (Durand-Dastés et
al., 1998). No attempt is made to estimate the social and
legal status of settlements. The aim of this classification is
to provide a scale of reference for approaching the spatial
organization of the settlement pattern.

The analysis of the classes reveals a clear hierarchy of the
settlements which are sorted from the smallest and
shortest-lived (class 1) to the largest, with more
comfortable and sustainable occupations (class 6). Class 7
is more difficult to interpret because it includes atypical
settlements whose profiles do not fit in with the logic of
the classification. It includes, for example, large but short-
lived settlements, or settlements with elaborate
architecture but of small size and short duration. Although
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they are atypical by the logic of the classification,® these
settlements correspond to a reality in the settlement
typology and can easily be re-integrated in the
interpretation on a micro-regional scale.

It must be noted that the same class may include various
types of settlements, for example dispersed and grouped
settlements, depending on the regional features of the
settlement pattern. This classification is thus able to yield a
hierarchical system of reference of the settlement common
to the 10 study areas, independently of regional
specificities, while respecting the hierarchical progression
of each micro-regional corpus.

2.3 The settlement intensity and stability indices
Comparing several spatial distributions in different

historical and geographical contexts is one of the
difficulties faced by archaeological studies of settlement.

* That is why the settlements of class 7 were omitted from the spatial
analyses based on assigning hierarchical weight to each class (cf. infra).
They are, however, shown on the maps so their spatial and/or
chronological relations with the rest of the regional dataset can be
analysed.
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Several methods of analysis and spatial statistics have been
tested to develop indicators for summarizing and
comparing spatial dynamics.

2.3.1 Modelling spatio-temporal dynamics: mean centre
analysis

The long-term spatial dynamics of settlement can be
modelled by using two spatial statistics indices: the mean
centre and the standard deviation ellipse (Pumain and
Saint-Julien, 1997, p. 53-56; Zaninetti, 2005, p. 43-61;
Gandini, 2008; Nuninger et al, chapter 1). The
displacements of the mean centre give synthetic index of
the settlement spreading in a given area, which takes into
account the hierarchical status of each settlement. The
standard deviation ellipse makes it possible to apprehend
the phases when occupation expands or contracts.
Measurement of the area covered by each ellipse and the
observation of the variations in its size from phase to phase
can be interpreted as an index of the extension or
contraction of the occupied areas. The longer and wider
the ellipse, the greater the spatial and quantitative
variability of the settlement pattern; contrariwise, a small
ellipse that is compact around the mean centre is indicative
of a concentrated settlement pattern.

The example presented here concerns the study areas of
Eastern Languedoc and Limagne (Auvergne). The mean
centre and the standard deviation ellipse were calculated in
each study area for the settlements occupied between the
5th C BC and the 7th C AD® and weighted by their
hierarchical level (fig. 4).

The variations in localization of the mean centre within the
two study areas exhibit quite different evolutions.
Generally, for the entire period, the mean centre of
Limagne shows greater changes in localization from one
period to another compared with Vaunage (more than
1000 m versus 800 m on average). The rate of variation of
the mean centre per period (fig. 4) corresponds to the value
of wvariation (distance in metres) recorded for each
transition (from one period to another) related to the total
sum of the variations (i.e. the aggregate distances in
metres). In the long term, the comparisons are made on the
profile of each region rather than the value of the
localization variations. Limagne appears much more
unstable than Languedoc from this point of view.
Although the Languedoc study area exhibits a major phase
of mobility between the 5th and 1st C BC (the rates vary
from 24 to 8%), the evolution of the settlement tends to
stabilize later. The values of the histogram for Limagne
show phases of great mobility and periods of stabilization;
the highest variations take place between the 5th C BC and
the 1st C AD (the displacements of the mean centre vary
between 25 and 6.5%), while the settlement stabilizes
between the 1st and the 3rd C AD (rates of variation less
than 2%). A new phase of instability occurs between the
3rd and the 5th C AD.

> The 8th, 7th and 6th C BC and the 8th C AD were omitted from this
calculation due to a statistically insufficient sample of settlements.
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The variations in the size of the standard deviation ellipse
clarify these initial observations (fig. 5). From the 5th to
the 3rd C BC in Limagne, the ellipse is very narrow and
elongate. It broadens in the 2nd C BC, reflecting a phase
of settlement extension and the possible expansion of land
use, which must be linked to the increasing number of
settlement creations in the 2nd C BC. This level is
maintained until the end of the period under consideration
(consolidation), even if the ellipse tends to contract
slightly at the end of Antiquity, in relation to a decline in
the number of occupied settlements (c¢f- fig. 2). From the
5th C BC to the 1st C BC in Languedoc, the deviation
ellipse alternates between major phases of contraction and
expansion. After a contraction phase between the 3rd and
2nd C BC, the settlement exhibits intense expansion
between the 2nd and the 1st C BC (the ellipse increases by
26%). This extension then tends to stabilize: the size and
direction of the deviation ellipse change little and the mean
centre shifts only slightly.

This analysis shows that, over the 12 centuries considered,
the Languedoc study area has a relatively stable and
homogeneous settlement pattern compared to Limagne
whose global evolution appears less linear.

The results remain to be interpreted by combining them
with the results of the other analyses presented, but this
example already shows the utility of these two basic
indices of spatial statistics for apprehending the spatio-
temporal dynamics of settlement patterns and for making
synthetic regional comparisons.
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Fig. 4: Displacements of the settlement mean centre in the Languedoc and Limagne study areas
between the 5th C BC and the 8th C AD. (Sources Nuninger et al. and Trément ef al., map: C. Gandini).
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Fig. 5: Changes in the settlement spatial extent in the Languedoc and Limagne study areas between the 5th C BC and the 7th C AD.
(Sources Nuninger et al. and Trément et al., map: C. Gandini).
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2.3.2 The stability indices: maps of density change

Maps of settlement density aggregated over the 16
centuries under consideration (800 BC — 800 AD) and by
periods of 4 centuries have been made for each study area
using the kernel method (Nuninger et al., chapter 1). They
reveal the most intensely occupied areas at different
periods, the most attractive areas during phases of
settlement creation, or the areas most affected by
abandonment.

These periodical maps were used to calculate ‘density
change’ maps, which express the change that occurred
between two states, thereby making it possible to visualize
the dynamics between two sequences rather than the
periodical sequences themselves. The ‘normalized ratio’
method was used to calculate the difference between two
maps (Béguin and Pumain, 2003; Nuninger et al., chapter
1).

The study area of Argens (Provence) serves as an
illustration. Figure 7 presents the difference between the
density map of settlements occupied between the 8th and
the 5th C BC (period 1) and the density map of the
settlements occupied between the 4th and the 1st C BC
(period 2).

The preponderance of sectors in red expresses the extent of
settlement creations at the end of period 2 from the 2nd to
the 1st C BC (¢f- 2.1 above). These creations increase the
settlement density of some areas already occupied during
the first Iron Age, as, for example, on the Rocher of
Roquebrune-sur-Argens (fig. 6, zone a). The relative
stability of some areas must be nuanced by taking into
account the chronological imprecision of some
settlements, which cannot be precisely dated within the
Iron Age and are thus counted in periods 1 and 2. Such
densification of already occupied areas remains, however,
relatively slight compared with the creations of the 2nd
and 1st C BC, which occur mostly in unoccupied spaces
during the first Iron Age: mainly in the plains and basins
(fig. 6, zones b and c¢), but also in the upland areas of the
Petits Maures or the Estérel (fig. 6, zones d and e). Finally,
a few green spots appear corresponding to the oppida
whose occupation does not exceed the 6th or the 5th C BC.
The second Iron Age and the 2nd and the 1st C BC in
particular, thus appear a particularly dynamic period,
characterized by an intensification of settlement and the
conquest of new areas.
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Fig.6: Map of the change in occupation density between periods 1 (8th—5th C BC) and 2 (4th—1st C BC)
in the Argens study area. (Data: F. Bertoncello, M. Gazenbeek, map: C.Gandini, F. Bertoncello).
Yellow areas are for stable occupation, red for increased and green for decreased settlement density.
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Yellow areas are for stable occupation, red for increased and green for decreased settlement density.
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Yellow areas are for stable occupation, red for increased and green for decreased settlement density.
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This process continues in the 1st C AD (fig. 7) with the
creation of settlements now clearly reinforcing the stable
areas of occupation from the 2nd—1st C BC (in yellow).
The only newly invested areas are found to the east of the
region around the Roman colony of Forum Iulii (Fréjus).
However, we must be wary of over-interpreting this
phenomenon because of the uncertainties associated with
the dating of numerous settlements in this sector: occupied
during the Roman era, they were counted in period 3 (1st—
4th C AD) and 4 (5th-8th C AD), but we cannot be sure
that they were not created earlier nor that they were
continuously occupied until the end of Antiquity. While
the occupation extends in the plains, the settlement nuclei
organized around the oppida during the Iron Age are
abandoned in the early Empire (in green), as in the Massif
des Maures or on the Rocher of Roquebrune-sur-Argens
(fig. 7, zones a and b). The two or three centuries around
the turn of the era (2nd-1st C BC and 1st C AD) then
really correspond to a period of change in the settlement
patterns, characterized by maximum land occupation,
particularly in the plains, while the protohistoric settlement
system, centred more on the uplands, declines. The
occupation thus reaches its maximum intensity during the
early Empire, not only in terms of density, but also of the
spatial extent of settlement. It must also be noted that the
increase in the number of creations observed between the
2nd C BC and the 1st C AD (cf. 2.1. above) expresses very
different modes of spatial organization: the settlements of
the 2nd and the 1st C BC tend to be pioneering settlements
in areas to be developed, while those of the 1st C AD are
essentially ‘opportunistic’ settlements densifying the
occupation of already exploited areas that they continue to
develop.

At first glance, the map of density change between periods
3 (Ist-4th C AD) and 4 (5th-8th C AD) displays
considerable stability in the settlement pattern (fig. 8).
While this stability does reflect the uninterrupted
occupation of a certain number of settlements throughout
Antiquity, its extent must be qualified by taking into
account the chronological uncertainties already mentioned
for this region with respect to settlements dated to the
Roman period without further precision (Bertoncello,
1999; Bertoncello and Nuninger, 2010). The map mainly
shows the extent of the areas abandoned between the two
periods, following the massive phenomenon of settlement
abandonment in the region in the 2nd C AD (c¢f. fig. 2).
This results in a more scattered settlement pattern,
contracted around sustained settlements mostly of high
hierarchical level (class 5, ¢f. 2.2. above). The few red
spots on the map show the emergence, particularly from
the 5th C onwards, of a more dynamic process of (re-
Joccupation of certain areas unoccupied in the early
Empire. Whether fortified grouped settlements (of class 6
or 7, cf- 2.2. above) or dispersed settlements interpreted as
farms (classes 2 or 3), these settlements have in common
the re-occupation of upland areas abandoned since the end
of the Iron Age (fig. 8, zones a, b, ¢). One might see here
the beginnings of a second significant shift in the
settlement pattern which, after other transformations, was
to lead to the mediaeval settlement system.
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2.4 Indices of hierarchical organization

The diachronic and inter-regional comparison of
settlement organization is set against the unequal
distribution of different classes of the hierarchical
classification of settlements by region. Due to the variety
of forms of the settlements, the various classes are not
represented in the same proportions in all of the study
areas. Thus, in each region, the corpus of settlements is
divided hierarchically along a gradient of its own.
Accordingly we sought to compare the spatial organization
of settlements based not on one-to-one class distribution
but on the hierarchical spectrum covered- in each region.
The analysis consists in identifying the level of
‘hierarchical organization’ of the settlement pattern within
each cluster of settlements defined according to the basic
density map.® The scale of observation is that of the
clusters and it is based on the actual distribution of the
settlements in the study areas. The level of ‘hierarchical
organization’ is estimated by combining two indices: (1)
the hierarchical variety (or degree of diversification
depending on the number of different classes represented)
and (2) its range (or level of differentiation, which
expresses the homogeneity of the documented classes). A
low range—i.e. a high homogeneity—thus indicates the
association of settlements belonging to hierarchically
similar classes (e.g. classes 1 and 2, or classes 5 and 6). By
contrast, the association of settlements belonging to very
distant classes (e.g. classes 1 and 6) reflects a wide range
or, in other words, a marked differentiation. The range
index is obtained by calculating the standard deviation
between the classes under consideration (coded from 1 to
6).” This synthetic analysis, carried out on periods of four
centuries, makes it possible to differentiate areas by the
general tendencies of settlement spatial and hierarchical
organization (fig. 9): weakly organized (little diversified
and differentiated), moderately and highly organized
(diversified and showing a wide spectrum of settlement
types).

This method was tested on the study area of eastern
Languedoc. Between the 8th and 5th C BC, settlement
density is low with scattered settlements. The analysis
shows that the overall settlement pattern has a low level of
hierarchical organization and is very homogeneous (poorly
diversified settlements and of similar hierarchical level).
Comparison with the ‘hierarchical density’ map® for the
period (fig. 10) shows that the lowest level of organization
corresponds largely to the sectors occupied by small
ephemeral settlements (sporadic occupations). Two
settlements of similar types and high hierarchical levels are
occupied in this period: one is isolated (along the river

¢ It should be recalled here that this density calculation is based on the
kernel method, with a radius of 1000 m and ignoring hierarchy (cf. 2.3.
above, Nuninger et al., chapter 1).

” The methodology is presented in detail in Nuninger et al., chapter 1.

8 The “hierarchical density” maps weight the settlement density
according to the hierarchical level of the settlements as it was defined
from the results of the CAH (with the exception of class 7, cf. 2.2. above).
Thus the density of spaces occupied by settlements with a high
hierarchical level (for example, classes 5 and 6) is increased compared to
spaces occupied by settlements with a low hierarchical level (for
example, classes 1 and 2).
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Vidourle), while the other (in Vaunage) is associated with
several small ephemeral settlements, thus presenting a
slightly higher level of organization with a clear tendency
towards differentiation.

Poorly spatially Tendency
structured N towards
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. JIT
2
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>
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Fig. 9: Different combinations of the hierarchical variety and
range indices showing different levels of hierarchical
organization of settlement patterns. (E. Fovet).
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Sources archéologiaues - C. Raynaud, UMR 5140; L. Nuninger YMR 6565 ; R. Bonnaud
SIGICAD: E_Fovet, UMR 6565
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Variety (standart deviation) 1.308-3.136
[ iow (12 classes) [ ow(<082) 31375489
54908867
3-4 cl (< 1.42)
= average (34 ciasses)  [[][]] average (< 1.42) Hoas. i4ess
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Fig. 10: Comparison of the hierarchical level of organization
and density in the Languedoc study area 8th—5th C BC.
(Map: E. Fovet).

The occupation becomes denser and the structure of the
settlement pattern more complex between the 4th and the
1st C BC, with a wider variety of hierarchical classes (fig.
11). Two areas are more intensely structured. Along the
Vidourle River, the expansion of the settlement from the
pole identified in the preceding period leads to a strong
hierarchical structuring of the settlement system (very high
level of organization). Land use also expands in Vaunage
with greater hierarchical structuring than in the previous
period, although less than in the Vidourle valley. This is
because the numerous settlements of low hierarchical level
tend to make the settlement structure fairly homogeneous.
By contrast, although the settlement pattern of the northern
and southern areas (at the foot of the Bois des Lens massif)
is denser than in the preceding period, it remains loosely
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structured: poorly diversified (few classes) and very
homogeneous (classes with a similar hierarchical level).
Occupation in the following period (1st-4th C AD)
becomes even denser and the hierarchical structuring of
the settlement system tends to become more complex (fig.
12). The areas at the foot of the Bois des Lens massif
expand and become hierarchically structured to reach the
same level of organization as at Vaunage in the preceding
period. The Vaunage area continues to develop in terms of
land use and of hierarchical structuring. The southwestern
sectors remain poorly structured, while the central sector
along the valley of the Vidourle and between Vaunage and
the foot of the Bois des Lens is less organized (less
diversified) than in the preceding period.

ArchaeDyn, ACI Espaces et termitoires, ET28, 2005-2007
Sources archéclogiques - C. Reynaud, UMR 5140, L Nuninger WMR 6565 . R Bonnaud
SIGICAD E Fovet. UMR 8565

Altitude (in m):

25 40 60 80 100 120 140 160 180 200 220 240 260 280 300

Range

Languedoc study area
- (standart deviation)

Variety

[ tow(1-2 classes) [ row(<082)
== average (34 ciasses)  [[][]] average (< 142)
== high (56 classes) [T hioh == 1.42)

Fig. 11: Analysis of the level of hierarchical organization in the
Languedoc study area 4th—1st C BC. (Map: E. Fovet).

The decline in the density of occupation between the 5th
and 8th C AD is reflected by more small clusters of
settlements and a clear tendency towards differentiation:
fewer classes of settlements are found within the clusters
but their hierarchical level is quite separate (fig. 13). This
simplification of the hierarchy is very clear within the
loose conglomeration of settlements that spreads from the
Bois des Lens massif as far as the river Vidourle. However
the settlements of Vaunage are still organized in a complex
way, and the central sector exhibits a slight increase in the
level of hierarchical organization compared with the
preceding period.

Interestingly, over the long term—i.e. during the four
periods considered—the various geographical areas (foot
of the Bois de Lens, Vidourle valley, Vaunage) do not
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evolve in the same way but develop at different paces. The classes, some classes being only poorly represented in
level of hierarchical organization nuances simple some regions.
settlement density and makes it possible to apprehend the

capacity of an area to develop or, on the contrary, to go ﬁ

into gradual decline. Thus, for example, the settlements in ) e 5

the Vidourle valley became structured relatively quickly

with a high level of hierarchical organization in the second

Iron Age. However, it progressively loses this capacity

during the Roman period, foreshadowing its break-up and

the gradual abandonment of the area during late Antiquity.

In contradistinction, the pole identified to the north of

Vaunage during the first period progressively structures its / 2 / ik
sector in the late Iron Age and during Antiquity. : #H#1 Vaunage
Therefore, even if the power of this pole of protohistoric 5 2l ;

origin waned during late Antiquity, it contributed to the T

creation of the neighbouring sectors, which thrived during i

the Roman period. Thus, despite being broken up into

three highly structured sectors, the Vaunage region

continued to develop. o

This case study shows that some areas have a highly A
specific form of hierarchical and spatial organization N
within the general evolution of settlement patterns, T el me iy
deserving further investigation. This analytical method is Altitude (in m):

still exploratory, but the initial results are very promising L I ——

for going beyond simple quantitative estimates of [ O aviion]

settlement dynamics. It provides a synthetic view of [ lowtrzcases [ ] w(<os2

settlement patterns and enables interregional comparisons E it % e

as the analysis concerns the relative hierarchical Fig. 12: Analysis of the level of hierarchical organization in the
associations and differences between neighbouring Languedoc study area 1st—4th C AD. (Map: E. Fovet).

settlements rather than the sole value of the hierarchical
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Fig. 13: Comparison of hierarchical level of organization and density in the Languedoc study area 5th—8th C AD. (Map: E. Fovet).
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3. Conclusion and prospects

The collective work by the ‘Settlement patterns and
territories’ workgroup has allowed us to develop indices
for expressing the intensity, stability and organization of
rural settlement. The analyses performed have furthered
our understanding of settlement spatial dynamics, both
quantitatively (evolution of occupation density and its
underlying processes) and qualitatively (settlement
hierarchy and organization). Archaeologically, emphasis
must also be placed on the workgroup’s constant concern
for synthesis so as to compare study areas that are
geographically and culturally very different using the same
system of reference. This is an innovation on earlier
research programmes. The spatial analyses tested on
certain micro-regions must now be generalized to all of the
study areas. The synthetic indices developed (density
values, mean centre, standard deviation ellipse, indices of
hierarchical variety and range) are the tools which will
allow interregional comparisons and modelling of
settlement systems over the long term from a structural
and spatial point of view. Such a model will reveal the
settlement tendencies common to the 11 study areas, and
enable us to spot any ‘anomalies’: regional and/or
historical specificities which will have to be explained.
Other  spatialized, particularly = geographic  and
environmental, datasets will be used in this analytical and
interpretative phase. The work done on evaluating data
reliability will be especially useful at this stage, allowing
us to pinpoint the possible effects of data collection
conditions on the definition of the regional profiles.
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Gauthier).

Fig. 3: Densities of Late Bronze Age Atlantic swords in France (kernel method). (Data: B. Quilliec, map: E. Gauthier).

Fig. 4: Variations of densities of Bronze Age sites in Eastern France from the 15th to the 13th c. B.C. (Map: E. Gauthier).

Fig. 5: The main areas of concentration of Middle Bronze Age hoards and isolated finds in the Seine Valley and Eastern France.
(Data: M. Gabillot, E. Gauthier, map: E. Gauthier)

Fig. 6: The main areas of concentration of Late Bronze Age hoards and isolated finds in Eastern France and Late Bronze Age
Atlantic swords. (Data: E. Gauthier, B. Quilliec, map: E. Gauthier).

Table 1: List of programmes and databases.
Table 2: Summary table of the reliability levels defined by Workgroup 3 (Nuninger, in Ostir et al., 2008).
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