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Late Neolithic vegetation around three sites in the Visoko basin, Bosnia, based on
archaeo-anthracology – spatial variation versus selective wood use .................................................................................  53

alExa dufraissE
Firewood and woodland management in their social, economic and ecological dimensions.
New perspectives ...............................................................................................................................................................  65

ErnEstina Badal, BErnat Martí oliVEr, ManuEl PérEZ-riPoll
From agricultural to pastoral use: changes in neolithic landscape at Cova de l’Or (Alicante, Spain) ..............................  75

raquEl Piqué, sílVia Vila MorEiras, natàlia alonso
Changes in vegetation and fuel use from the Neolithic to the Middle Ages in the western Catalan plain ........................  85

Mª oliVa rodríguEZ-ariZa
Palaeovegetation and plant-resource management in the district of La Loma (Jaén, Spain) during
recent Prehistory ................................................................................................................................................................  97

isaBEl figuEiral, laurEnt faBrE, ChristoPhE tardY
Charcoal analysis in the A750-A75 motorway (Clermont l’Hérault / Saint André de Sangonis
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ErnEstina Badal, Yolanda Carrión MarCo, JEsús f. Jordá
Charcoal analysis at the San Chuis hill fort (Allande, Asturias, Spain) ............................................................................  125

María Martín-sEiJo, Yolanda Carrión MarCo
Shaping wood: woodworking during the Iron Age and Roman period in the northwest of the
Iberian peninsula ................................................................................................................................................................  135

Yolanda Carrión MarCo, JaiME ViVEs-fErrándiZ sánChEZ, guillErMo tortaJada CoMEChE,
hElEna BonEt rosado
The role of wood and fire in a ritual context in an iberian oppidum: La Bastida de les Alcusses
(Moixent, Valencia, Spain).................................................................................................................................................  145



sonia dE haro PoZo, aMParo BarraChina 
Charcoal analysis of a burnt building at the Iron Age site of Los Morrones I, Cortes de Arenoso,
Castellón, Spain .................................................................................................................................................................  153

andrés tEira Brión, María Martín sEiJo, arturo dE loMBEra-hErMida, raMón fáBrEgas
ValCarCE, xosé PEdro rodríguEZ-álVarEZ
Forest resource management during Roman and Medieval cave occupations in the Northwest of the
Iberian Peninsula: Cova do Xato and Cova Eirós (Galicia, Spain) ...................................................................................  159

Maria litYńska-ZaJąC
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plant remains from Madâ’in Sâlih (Saudi Arabia) .............................................................................................................  173

giaMPiEro Colaianni, franCEsCo sCElZa, girolaMo fiorEntino, angEla Pontrandolfo, alfonso
santoriEllo, daniEla orriCo
The use of wooden linings in the archaic wells of Fratte (Salerno-Italy) ..........................................................................  187

angEla stEllati, girolaMo fiorEntino, raffaElla Cassano, CustodE silVio fioriEllo
The last firewood of a late ancient limekiln in Egnatia (SE Italy) .....................................................................................  193

ValEntina CaraCuta, girolaMo fiorEntino
Wood for fuel in Roman hypocaust baths: new data from the Late-Roman villa of Faragola (SE Italy) ..........................  199

anna Maria grasso, girolaMo fiorEntino, gioVanni straniEri
Brick in the wall: an archaeobotanical approach to the analysis of dry stone structures (Puglia – Italy) .........................  209

MiChEllE Elliott
An anthracological approach to understanding Late Classic period cultural collapse in Mesoamerica’s
northwestern frontier ........................................................................................................................................................ 217

MóniCa ruiZ-alonso, agustín aZkaratE, José luis solaun, lYdia ZaPata
Exploitation of fuelwood in Gasteiz (Basque Country, northern Iberia) during the Middle Ages
(700-1200 AD) ...................................................................................................................................................................  227

CarME CuBEro i CorPas
Shrubs and trees from medieval l’Esquerda (7th-13th centuries AD) ...............................................................................  237

thoMas ludEMann
Airborne laser scanning of historical wood charcoal production sites – A new tool of kiln site
anthracology at the landscape level ...................................................................................................................................  247

gina faraCo BianChini, rita sChEEl-YBErt
Plants in a funerary context at the Jabuticabeira-II shellmound (Santa Catarina, Brazil) – 
easting or ritual offerings? .................................................................................................................................................  253

WErnEr h. sChoCh
Information content of Anthracology .................................................................................................................................  259 

arnE PaYsEn
Charcoal research before modern Anthracology ................................................................................................................  269

EllEn o’Carroll, frasEr J.g. MitChEll
Charcoal sample guidelines: new methodological approaches towards the quantification and
identification of charcoal samples retrieved from archaeological sites .............................................................................  275 

María solEdad garCía MartínEZ, alExa dufraissE
Correction factors on archaeological wood diameter estimation .......................................................................................  283

ingElisE stuiJts, lorna o’donnEll, susan lYons
Cloud-computing in Anthracology – Experiences with the WODAN online database in Ireland ....................................  291 



7

LIST OF AUTHORS

natàlia ALONSO
Dpt. de Història. Universitat de Lleida. 25003. 
Lleida, Spain.
nalonso@historia.udl.cat 

ElEni ASOUTI
Department of Archaeology, Classics and 
Egyptology, University of Liverpool. Brownlow 
Street, L69 3GS Liverpool, UK.
E.Asouti@liverpool.ac.uk

agustín AZKARATE
University of the Basque Country (UPV/EHU). 
Tomás y Valiente s/n. 01006 Vitoria-Gasteiz, Spain.
agustin.azkarate@ehu.es

ErnEstina BADAL
Department of Prehistory and Archaeology. 
University of Valencia. Avda. Blasco Ibáñez, 28, 
46010 Valencia, Spain.
Ernestina.badal@uv.es

aMParo BARRACHINA
Servicio de Arqueología de la Diputación de 
Castellón. Av. Hermanos Bou, 28 12003 Castellón, 
Spain. 
abarrachina@dipcas.es

iouri BERMOND
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l’Archéologie. 5 rue de la Salle-L’Évêque. CS 49020. 
34967 Montpellier cedex 2, France.
christophe.pellecuer@culture.gouv.fr

ManuEl PÉREZ-RIPOLL
Department of Prehistory and Archaeology. 
University of Valencia. Avda. Blasco Ibáñez, 28, 
46010 Valencia, Spain.
Manuel.perez@uv.es

raquEl PIQUÉ
Dpt. de Prehistòria. Universitat Autònoma de 
Barcelona. 08193 Cerdanyola del Vallès, Spain.
raquel.pique@uab.cat

angEla PONTRANDOLFO
Laboratory of Archaeology “M. Napoli”, University 
of Salerno. Via Ponte don Melillo, 84084 Fisciano 
(Salerno), Italy.
alab@unisa.it



10

Dynamiques des Systèmes Anthropisés – 1 rue des 
Louvels 80037 Amiens cedex, France.
romain.thomas@u-picardie.fr

guillErMo TORTAJADA COMECHE
Servicio de Investigación Prehistórica, Museo de 
Prehistoria, Diputación de Valencia, C/Corona 36, 
46003, Valencia, Spain.
g.tortajada@hotmail.com

sílVia VILA MOREIRAS
Dpt. de Història. Universitat de Lleida. 25003 
Lleida, Spain.
svila2@homail.com

ValEntín VILLAVERDE
Department of Prehistory and Archaeology. 
University of Valencia. Avda. Blasco Ibáñez, 28, 
46010 Valencia, Spain.
Valentin.villaverde@uv.es

JaiME VIVES-FERRÁNDIZ SÁNCHEZ
Servicio de Investigación Prehistórica, Museo de 
Prehistoria, Diputación de Valencia, C/Corona 36, 
46003, Valencia, Spain.
jaime.vivesferrandiz@dival.es

lYdia ZAPATA
University of the Basque Country (UPV/EHU). 
Tomás y Valiente s/n. 01006 Vitoria-Gasteiz, 
Spain.
lydia.zapata@ehu.es

João ZILHÃO
ICREA Research Professor at the University of 
Barcelona, Spain.
joao.zilhao@ub.edu

angela.stellati@libero.it

gioVanni STRANIERI
Centre d’histoire et d’archéologie médiévales - 
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Summary: We have tested if airborne laser scanning data are useful to find historical wood charcoal production sites in the field, especially 
in forested areas with a dense tree canopy. Therefore we have evaluated digital elevation models (hillshades) based on these data, (1) consi-
dering potential kiln site structures at an 1-km2-testplot and verifying them in the field, (2) testing the visibility of a large number of kiln sites 
already localized and (3) systematically recording potential kiln site structures at the hillshade images for a large pilot area. Thousands of 
such sites are recognizable by airborne laser scanning and very high kiln site densities could be established. Exact information could be 
provided on their geographical positions and distribution patterns. Airborne laser scanning is a valuable tool for kiln site anthracology, fa-
cilitating the field work considerably, increasing the efficiency and precision of the site records and highlighting the high historical signifi-
cance of wood charcoal production. Moreover, it underlines the outstanding scientific potential of anthracological kiln site studies. The large 
number of analysable sites provides a unique chance to obtain new information on the historical forests and the human impact therein with 
fine spatial resolution at the landscape level.
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INTRODUCTION

Past fuel supply was heavily dependent on wood 
charcoal production. Historical sites of charcoal burn-
ing (wood charcoal kiln sites) with their distinct an-
thropogenic ground surface structures and their char-
coal layers are widespread in the landscapes, espe-
cially in mountainous forest regions. In many areas 
of western Central Europe they are the most frequent 
and most important remnants of past wood use and 
forest exploitation. The wood charcoal macroremains 
contain comprehensive dendrological and dendroeco-
logical information. Therefore anthracological studies 

of historical charcoal kiln sites are a main key to local 
forest and land use history, providing results on past 
fuel wood use and past human impact with fine spa-
tial resolution at the landscape level (Ludemann 2002, 
2003, 2011).

However, to establish such studies and results the 
knowledge of the exact geographical position of a large 
number of historical wood charcoal production sites is 
required. Unfortunately these sites generally are not 
recorded in written sources or in historical maps and 
they are not visible in the usual aerial photographs 
and by traditional methods of remote sensing. Up to 
now time-consuming field surveys had to be under-
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taken to localize them in the landscape. Indeed, some 
years ago a new tool has become available for our in-
vestigations, airborne laser scanning (ALS, airborne 
LiDAR), offering completely new and innovative op-
tions which we have begun to verify systematically for 
a large pilot area. We want to know in which cases and 
to what extent the historical wood charcoal production 
sites are recognizable by laser scan techniques. 

STUDY AREA AND METHOD

Hillshade images with maximum resolution (1 m-
grid; vertical resolution < 0.15 m) calculated from the 
LiDAR data (digital elevation model, DGM1m; FVA/
LGL 2011) were evaluated systematically, focusing 
on the visibility of historical wood charcoal kiln sites. 
The visual interpretation of the high-resolution digital 
elevation model from the point of view of kiln site an-
thracology follows a hierarchical three-step approach:

(1) Verification of a km2-testplot: A forested land-
scape section of one km2 was selected of an area of 
which a high density of potential kiln site structures 
was visible. The potential kiln site structures were 
identified and mapped at the corresponding hillshade 
image. Then the identified structures were verified by 
field surveys.

(2) Verification of known kiln sites: A large number 
of historical wood charcoal kiln sites had already been 

detected and recorded in the course of many years of 
previous kiln site anthracological field work. Their 

Figure 1. Anthropogenic relief features of two historical wood char-
coal kiln sites, schematically. Characteristic field surface structures 
at a slope. Kiln sites type A: circular terraces with a diameter of 8 to 
12 m, soil accumulation downhill (1), charcoal layer (2), original 
ground level (3) and soil removal uphill (4).

Figure 2. Anthropogenic structure of two historical wood charcoal 
kiln sites at a slope (Type A, cf. Fig. 1). A: Sites K 590 and K 591 in 
the field. B: The same kiln sites at the LiDAR-based hillshade ima-
ge.

Figure 3. Relief features of historical wood charcoal kiln sites in flat 
landscapes. Type B with a circular embankment or crater-shaped 
structure. A: Site K 538 in the field. B: The same kiln site at the 
hillshade.
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visibility at airborne LiDAR-based hillshade images 
was verified for our main study area (Southern Black 
Forest) and neighbouring regions in Southwest Ger-
many.

(3) Record of potential kiln site structures: In our 
main investigation area, we are systematically record-
ing potential kiln site structures at the LiDAR-based 
hillshade images. In this area a maximum number of 
historical charcoal kiln sites was already known and 
an even larger number of still unknown was expected. 
This successful but also time-consuming work is still 
in progress.

RESULT AND DISCUSSION

(1) Testplot: Looking for historical wood char-
coal kiln sites within the one km2-test area, we had 

identified 124 very well visible structures (potential 
kiln sites) by our first visual interpretation of the cor-
responding hillshade image. Verified by field surveys, 
104 of them are really historical charcoal kiln sites, 
20 are other similar anthropogenic or natural relief 
features, originating from forest management activi-
ties, natural erosion processes, windfall, etc. (Fig. 4). 
Moreover, it has to be highlighted that in the course 
of the field verification 49 further kiln sites could be 
detected in this area. Looking at the hillshade image 
again afterwards, we found out that many of these ad-
ditional kiln sites are also visible – more or less clearly 
– at the hillshade. Consequently our first identification 
of potential kiln site structures at the hillshade was too 
cautious. Moreover, the visual interpretation needs 
some experience. On the other hand we found sites in 
the field, which indeed are not visible at the hillshade 

Figure 4. Testplot of a landscape section of one km2 in the southwestern part of the Black Forest. Total number of kiln sites verified in the field 
n=153. Black: Potential hillshade structures verified (104). Red: Potential structures not verified = no kiln sites (20). Green: Kiln sites recor-
ded additionally in the field (49); many of them are also visible at the plot and have been overlooked by the first interpretation (hillshade © 
FVA/LGL).
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Considering the exemplary field verifications (cf., 
steps 1+2, testplot and known sites), we are sure that 
most of them really are historical wood charcoal kiln 
sites. Exact information on the geographical position 
could be provided for all of them. Maximum kiln site 
densities of more than 150 sites per km2 could be es-
tablished, so that the average distance from site to site 
in such areas comes to less than 100 m (cf. Figs. 5 
and 6).

Figures 5 and 6 give the preliminary result of the 
ongoing evaluation of the LiDAR data set. In the area 
considered, large parts of the Southern Black Forest, 
2024 kiln sites at a total number of 360 km2 had been 
detected without using LiDAR and recorded within 
about 20 years of kiln site anthracological studies. By 
using airborne LiDAR this even large number could 
be quadrupled within a short time (9115 sites at 679 
km2) and we are far from finishing the LiDAR-based 
kiln site prospection and verification in this area. Cau-
tiously estimated and taking into account the results of 
the field studies, we are sure, that at least 10,000 his-
torical kiln sites are well preserved within the South-
ern Black Forest. 

Moreover, considering the exemplary field sur-
veys and previous field work, we expect that there is 
a remarkable number of kiln sites which could not be 
detected at the hillshades. This could be due to (1) bad 

image and cannot even be visualized by airborn la-
ser scanning. This is particularly the case when the 
characteristic kiln site structure was heavily modified 
or even destroyed, e.g. by forest road construction or 
natural erosion processes by water or rockfall. All in 
all 153 kiln sites could be verified within the square 
kilometer of the test area. 146 of them are visible at 
the hillshade, 125 (82%) very well, 21 (14%) less dis-
tinctly, while only 7 kiln sites (5%) are not visible. 

(2) Verification of known kiln sites: 2448 histori-
cal wood charcoal kiln sites had already been detect-
ed and recorded in the course of previous field work 
in Southwest Germany. Testing their visibility at 
hillshade images, we found that the large majority of 
them, nearly 2000 sites (81%), indeed is visible, even 
in forested areas. 1326 (54%) are visible very well, 
668 (27%) less easily. 19% (454 sites) are not visible. 
However, using a LiDAR-based site prospection, only 
very well visible sites are useful to find unknown sites, 
for those kiln sites, which have been visible less dis-
tinctly, could only be identified unequivocally at the 
hillshades after their detection in the field. It should be 
verified if even better results could be provided by us-
ing more specialized methods of data processing (e.g. 
Hesse 2010).

Two characteristic types of kiln site structures 
could be distinguished (Kiln site type A and B, cf. 
Figs. 1–3). Type A is the most common one, predomi-
nant in the western parts of the Black Forest where 
steep slopes dominate the landscape. Kiln site type 
B as well as sites with intermediate structures can be 
found especially in the eastern parts of the Black For-
est and in other areas with smooth relief features and 
plain ground surface.

Despite the large number of already known sites, 
we were sure that they are only the smaller part of the 
historical charcoal kiln sites really preserved within 
the study area. This expectation is highlighted and 
even exceeded by step 3 of our LiDAR verification. 

(3) Record of additional kiln sites: The systematic 
evaluation of the LiDAR data provides a very large 
number of (potential) kiln site structures additionally. 

Figure 5. Number (X) of km2 with a distinct kiln site density (kiln 
sites n/km2) in the Southern Black Forest recorded by previous field 
studies (green) and including potential LiDAR structures (red) (pre-
liminary result, record in progress). Total km2 with kiln sites: 360 
(green), 679 (red).
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conservation, e.g. by erosion, forest road construction, 
wood transport etc., (2) heterogeneities of the ground 
surface or vegetation, e.g. dense herb or shrub layer, 
(3) problems with the laser scan data, e.g. flight too 
late in the spring, when deciduous trees already had 
developed their leaves, or (4) less distinct anthropo-
genic structure and weak anomalies of the ground sur-
face. 

Consequently, field work could not be substituted 
completely by airborne laser scanning. Field work is 
still necessary for the verification of LiDAR-visible 
structures and for finding not visible sites.

CONCLUSION

Airborne laser scanning is a valuable tool for 
kiln site anthracology, providing exact information 
on the geographical position of the historical sites, 
facilitating the field work considerably and increas-
ing the efficiency and precision of the site records. 
Kiln site distribution and density indicate the high 
significance of wood charcoal burning in the past. 
Moreover, it underlines the outstanding scientific 
potential of kiln site anthracological studies for 
forest history and vegetation science. The large 
number, wide distribution and high densities of his-
torical kiln sites provide a unique chance to obtain 
new exact information on the ancient forests and the 
changes therein with fine spatial resolution at the 
landscape level. Impressive examples of local and 
regional scale results and of the high spatial reso-
lution of kiln site anthracology have already been 
given (e.g. Ludemann 2002, 2003, 2010, 2011; Lu-
demann et al. 2004).

Figure 6. Kiln site density (kiln sites n/km2) in the Southern Black 
Forest. A: Verified by field record without LiDAR survey (total 
n=2024 kiln sites). B: Including LiDAR survey, verified and poten-
tial kiln site structures (total n=9115 sites; preliminary result, record 
in progress). AD Average distance of sites. *Gaus-Krüger-km2-grid, 
40x40 km, 1600 km2).
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