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CharlènE BouChaud, roMain thoMas, MargarEta tEngBErg
Optimal use of the date palm (Phoenix dactylifera L.) during Antiquity: anatomical identification of
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Pioch, 34540 Balaruc les Bains, France
CBAE, CNRS /Univ. Montpellier 2/EPHE, 
Montpellier, France
l.fabre@thau-agglo.fr

raMón FÁBREGAS VALCARCE
Grupo de Estudos para a Prehistoria do NW Ibérico 
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Universidad de Jaén. Edif. C-6, 23071 Jaén, Spain.
moliva@ujaen.es

MóniCa RUIZ-ALONSO
Grupo de Investigación Arqueobiología (CCHS, 
CSIC). Albasanz, 26-28. 28037 Madrid, Spain..
monica.ruiz@cchs.csic.es

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

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

rita SCHEEL-YBERT
Departamento de Antropologia, Museu Nacional, 
Universidade Federal do Rio de Janeiro. Quinta da 
Boa Vista, 20940-040, Rio de Janeiro, Brazil. 
scheelybert@mn.ufrj.br

WErnEr h. SCHOCH
Labor für quartäre Hölzer,   Unterrütistrasse 17, 
8135 Langnau a. A.   Schweiz.
holz.schoch@woodanatomy.eu
www.woodanatomy.eu

tiM M. SCHROEDTER
Graduate School “Human Development in 
Landscapes”, Christian-Albrecht-University (CAU) 
D-24098 Kiel, Germany.
Institute for Ecosystem Research CAU, D-24098 
Kiel, Germany.
tschroedter@ecology.uni-kiel.de

José luis SOLAUN
University of the Basque Country (UPV/EHU). 
Tomás y Valiente s/n. 01006 Vitoria-Gasteiz, Spain.. 
joseluis.solaun@ehu.es

angEla STELLATI
Laboratory of Archaeobotany and Palaeoecology, 
Department of Cultural Heritage, University of 
Salento, via D. Birago 64, 73100 Lecce.
Department of Antiquity, University of Bari, Italy. 

johannes.mueller@ufg.uni-kiel.de
nils MÜLLER-SCHEESSEL
Roman-Germanic Commission, Plamgartenstr. 10-
12, 60325 Frankfurt a.M., Germany.
muellerscheessel@rgk.dainst.de

oliVEr NELLE
Institute for Ecosystem Research CAU, D-24098 
Kiel, Germany.
onelle@ecology.uni-kiel.de

Maria NTINOU
Hellenic Open University, Aggelou Sikelianou 2, 
GR – 452 21 Ioannina, Greece.
maria.ntinou@uv.es

EllEn OCARROLL
Botany Department, School of Natural Sciences, 
Trinity College Dublin, Ireland.
eocarro@tcd.ie

lorna O’DONNELL
14 Rockstown Park, Tooban, Burnfoot, County 
Donegal, Ireland.
odonnell.lorna@gmail.com

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

arnE PAYSEN
Institut für Ökosystemforschung der CAU Kiel, 
Olshausenstr. 75, 24118 Kiel, Germany.
isentosamballerer@gmx.de

ChristoPhE PELLECUER
UMR 5140 Archéologie des Sociétés Méditerranéennes. 
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Summary: The archaeological site of the San Chuis hill fort (Allande, Asturias, Spain) is located in the central part of the western Cantabrian 
Range. The site was occupied between 920 - 480 cal BC (2870 - 2430 cal BP) and 100 cal BC - 540 cal AD (2050 - 1410 cal BP). Repeated 
and long-lasting occupation resulted in the overlapping of architectural structures from the first and second Iron Ages and the Roman Period. 
The study of the wood charcoal remains from these structures allows us to distinguish two groups of wood remains. Those timbers used in the 
construction of the buildings and those used as firewood.

Key words: Hill fort, Iron Age, Roman period, firewood, timber, woodland exploitation.
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INTRODUCTION AND ARCHAEOLOGICAL 
BACKGROUND

The San Chuis hill fort (Allande, Asturias, Spain) 
is located in the western part of the Cantabrian Moun-
tains at an elevation of 780-800 m a.s.l. and 35 km 
from the coast (Fig. 1). The site is situated between 
the Eucolino and Submontano bioclimatic levels and 
within the vegetation series of Quercus robur and 
Quercus pyrenaica. Between 600 and 1200 m a.s.l., 
the average annual rainfall exceeds 1000mm and it is 
here that Quercus pyrenaica woodland is found, in-
cluding Corylus avellana, Acer campestre, and Fraxi-

nus excelsior. In the clearings, various shrubs of the 
Genista, Erica, Cytisus, etc. genera are also present 
(Costa et al. 2005).

The hill fort was discovered in 1952 and excavated 
by Professor Francisco Jordá Cerdá during the 1960’s 
and 1980’s, while over the last ten years excavations 
have continued by one of the authors (Jordá 2009). 
The sequence covers a long period of time from 920 
to 480 cal BC (2870 - 2430 cal BP) and from 100 
cal BC to 540 cal AD (2050 - 1410 cal BP) (Fig. 1). 
The minimum span of this occupation is 1160 years. 
The chronology of the settlement is finely defined by 
nine radiocarbon dates (Jordá et al. 2002; Marín et al. 
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ter of the hill fort, where the remains of a timber struc-
ture built over the rocky substrate was uncovered. The 
structure, which was dated to between 890 and 530 cal 
BC, contained burnt seeds and pottery of the first Iron 
Age. The following occupation phase was character-
ized by the construction of circular stone structures in 

2008). Three occupation phases were distinguished on 
the basis of the dates, the stratigraphy, the overlapping 
structures and the materials recovered. The two earli-
est phases are associated with indigenous populations 
and the latest with the Roman reoccupation of the area.

The earliest settlement is located in the upper quar-

Figure 1. Location and chronological 
sequence of San Chuis hill fort.
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clearing out of domestic hearths and they represent 
firewood collection within the catchment of the site 
(Table 1).

Wood charcoal samples from the Roman period 
are scarce; with two found scattered in the Roman 
occupation level IV and one in the collapse layer 
of an observation tower (level IIIb – UNBAR-216: 
2050±50 BP). This latter sample was of  construction 
timber from the tower, which was destroyed by fire 
and eventually collapsed.

For the taxonomic identification of the specimens 
we used a Nikon Optiphot-100 dark/bright field inci-
dent light microscope with 50-500x magnifications, 
specialized plant anatomy bibliography and the refer-
ence collection of modern charred woods of the Labo-
ratory of the Dept. of Prehistory and Archaeology, Uni-
versity of Valencia, Spain.

Photography and detailed observation was carried out 
using a Hitachi S-4100 Field Emission Scanning Electron 
Microscope and the EMIP 3.0 (Electron Microscope Image 
Processing) software at the Service for the Support to Ex-
perimental Research (SCSIE), Universitat de València.

both the upper and lower quarters of the fort, and was 
dated between 710 and 130 cal BC. Associated with 
these structures was pottery of the Second Iron Age 
and remains associated with metallurgical activities. 
The third occupation phase was dated to the Roman 
period between 110 cal BC and 530 cal AD. It is char-
acterized by rectangular stone structures, densely built 
in the upper quarter, either over the previous circular 
ones or on new foundations. Pre-Roman pottery, Ter-
ra Sigillata Hispanica, tegulae, along with significant 
quantities of Roman pottery and iron slag was found 
in this settlement.

The recovery and analysis of wood charcoal sam-
ples from San Chuis is significant in the study of Astu-
rian hill forts. There are a small number of other pal-
aeoenvironmental analyses from archaeological sites 
in the area, including La Campa Torres (Buxó and 
Echave 2001), Camoca, Moriyón and Olivar (Camino 
1999). The new data from San Chuis will enrich our 
knowledge of the past vegetation and use of timber in 
these types of hill fort sites.

METHOD AND MATERIALS

The wood charcoal samples presented in this pa-
per were recovered during the excavations of the early 
1980’s. The aim of their collection was to obtain ra-
diocarbon dates and sampling was therefore restricted 
to those layers and structures that needed to be dated. 
Part of the charred material recovered at that time was 
processed for radiocarbon dating without previously 
obtaining botanical identification of the wood char-
coal remains. The analysis of the rest of the material 
is presented here, thirty years after its recovery dur-
ing excavation. For these reasons, the results of the 
analysis relate only to certain parts of the site, and not 
to systematic sampling of the whole excavated area.

Wood charcoal samples from the indigenous set-
tlement (level VI) were found at the bottom of circular 
structures and in a waste pit that correspond to the ear-
liest occupation of the hill fort (UBAR-351: 2600±60 
BP). The charred wood remains originate from the Table 1. Plant taxa identified at San Chuis.
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Figure 2. SEM photographies of some plant taxa identified at San Chuis.
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humidity sensitive than P. nigra. Extended Pinus syl-
vestris forests exist in the Pyrenees and the mountains 
of northern Iberia. P. nigrα is restricted to the eastern 
mountains from the Pyrenees to Andalucía and does 
not reach Asturias.

During the Roman occupation some of the indig-
enous structures were reused (with the addition of 
rectangular walls) and new ones were built. From the 
habitation floors of these structures there are only two 
wood charcoal fragments, documenting the presence 
of Erica sp. and Quercus sp. deciduous type. 
 
TIMBER

Level III corresponds to the collapse of walls and 
stone structures of the 2nd century AD. The wood char-
coal associated with the observation tower of the Ro-
man period, dated to 2050±50 BP (UBAR-216) was 
analyzed, provided evidence for the plant species used 
for the construction of the walls and roof.

200 wood charcoal fragments were collected from 
the remains of the roof while only 52 fragments be-
long to the collapsed walls. Erica sp., Fabaceae and 
Quercus sp. deciduous type wood was selected for 
the construction of the roof. Erica is the taxon mostly 
used, followed by Quercus. For the construction of the 
walls Corylus avellana, Erica sp., Ficus carica and 
Quercus sp. deciduous type were used. In Figure 3 the 
proportion of the different taxa used in the construc-
tion of the roof and walls is presented.

The morphology of the wood charcoal allows us 
to distinguish two categories of wooden structural el-
ements. Large caliber trunks would have formed the 
structure of the tower. Squared surfaces were present 
in some charcoal samples but due to the high degree 
of fragmentation it was difficult to count with preci-
sion the annual growth rings and estimate the mini-
mum age of the trees used. All the larger structural ele-
ments were identified as Quercus sp. deciduous. The 
second category includes small diameter branches that 
in many cases preserved bark. This allowed us to cal-
culate the diameter of the branches and to determine 

DATA AND RESULTS

The following taxa were identified in the indig-
enous and Roman levels. Quercus sp. deciduous type 
(oak), Corylus avellana (hazel tree) and Fabaceae 
(legume undershrubs). Pinus nigra and/or P. sylves-
tris (black-Scotts pine), Fraxinus cf. excelsior (ash), 
Rosaceae (the rose family) and Salix sp. (willow) were 
also identified in the indigenous level. Another two 
taxa were present in the assemblage from the Roman 
level, Erica sp. (heather), and Ficus carica (fig tree) 
(Table 1; Fig. 2). The material studied can be differ-
entiated as firewood from domestic hearths, and con-
struction timber from the observation tower. 

FIREWOOD

The charred firewood remains of the indigenous 
settlement were collected from different fill layers. 
The results were not quantified since only 42 frag-
ments belong to these levels. However, the flora re-
corded and the ecological requirements of the identi-
fied taxa reflect the natural vegetation that would have 
been exploited for firewood. Quercus sp. deciduous 
type woodland would have grown around the hill fort. 
At present, Quercus robur expands from the Cantab-
rian cordillera to the costal lowlands while Quercus 
pyrenaica grows at higher elevation, usually accom-
panied by Corylus avellana (Costa et al. 2005). Given 
that San Chuis is located at the point of intersection 
between these two species, we may suggest that mixed 
deciduous oak woodland with an undestorey of Faba-
cea and Rosacea would have existed in the area. Riv-
erside vegetation is reflected in the presence of ash 
and willow.

The conifers are represented by Pinus. Although 
it has been impossible to distinguish the pine species, 
it is almost certain that cryophilous types are present. 
Thus, the wood charcoal from level VI may originate 
from Pinus sylvestris or Pinus nigra. Both species 
grow in the coldest bioclimatic zones of the Iberian 
mountains. Pinus sylvestris is more cold-adapted and 
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of this genus since they are adequate for roofing mate-
rial.

Preservation of the bark on many branches al-
lowed us to estimate the cutting season. This informa-
tion was obtained by observing the characteristics of 
the last annual growth ring in relation to the bark. The 
presence of latewood in the last annual ring indicates 
that the branch was cut during the least favorable sea-
son for plant growth, which is after the summer. When 
earlywood starts to form this indicates that the cutting 
season was in spring.

The growth of the last annual ring was observed in 
41 branches. Figure 5 shows that the wood was pre-
dominantly cut when earlywood was forming during 
the most favorable season for tree growth, the spring.   
Only Corylus was cut when latewood was forming. 
The branches of Fabaceae were all cut in the favorable 
season as was also the case for Quercus with only one 
exception (Fig. 5).

The work of Vitruvius provides evidence of the 
high degree of knowledge concerning the different 
mechanical qualities of wood in each season. When 
rigid wood was required this had to be cut at the be-
ginning of the autumn while in spring the wood would 
be more porous, fragile and flexible due to the pres-
ence of substances associated with the growth of new 
leaves and fruit (Adam 1984: 91). Therefore, the cut-
ting season would have been adapted to the wood 

the caliber of those selected for the roof.
The diameter of 100 branches from the roof was 

measured. The column charts in Figure 4 show the 
percentages for each taxon, together with the distribu-
tion of the taxa in different diameter categories (<5; 
5-10; 11-15 and >15 mm). Selection of Erica, Fa-
baceae and Quercus branches with diameters between 
5 and 10 mm is indicated. However, the diameters of 
Erica branches are more variable and this may be due 
to the indiscriminate use of all the branches of plants 

Figure 5. Felling season of the branches used for the construction of 
the Roman tower roof.

Figure 3. Plant taxa identified in the construction debris of the Ro-
man tower at San Chuis.

Figure 4. Proportions of various diameter branches of different taxa 
used for the construction of the Roman tower roof.
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Plantago. The flora identified in the levels of the in-
digenous settlement at San Chuis is in line with the 
pollen results. Moreover, at San Chuis we identified 
specimens of Pinus sylvetris and/or P. nigra that could 
have originated from the coldest parts of the region.

From the Roman occupation, only wood charcoal 
remains from construction timber were available for 
analysis. Therefore, it is not possible to make infer-
ences as to the natural vegetation of the area since the 
material was intentionally selected for specific uses. 
However, we may suggest that the timber used was 
procured from the local woodland and this is support-
ed by the pollen data from Alto de la Espina, with veg-
etation characteristics similar to the previous period, 
i.e. Quercus and Corylus avellana. The intensification 
of mining activities during the Roman occupation can 
be detected in the pollen record by the increase of Ce-
realia, Castanea sativa and Junglans (Lopez Merino 
2009; Carrión et al. 2012).

The wood charcoal remains from the Roman lev-
els at San Chuis provide information about the tim-
bers used in the construction and the criteria for their 
selection in relation to their function. For structural 
elements used to support heavy loads, deciduous oak 
(Quercus) lumber was selected. For roof coverings or 
the wattle structure of walls, matorral species were 
used since these provided twigs and branches of ad-
equate caliber that could be used without thinning. It 
is for this reason that many branches preserve bark 
while the majority are of a standard diameter (5-10 
mm charred). Similar construction techniques were 
documented at other sites such as O Castelo (As 
Laias, Ourense) or Noville (Mugardos, Coruña) (Car-
rión 2005). In terms of cutting season, the results are 
similar at all sites, with wood harvested all year long 
although preferably towards spring.

Woodworking marks were not observed on the 
timbers from the observation tower at San Chuis due 
to the high degree of fragmentation of the charcoal. 
The exception are the Quercus poles or beams, on 
some of which intentional squaring was observed. 
These timbers would have formed part of the wall or 

qualities required for different uses.
The sample from San Chuis, although small, indi-

cates that spring was the main cutting season and to 
a lesser degree others. This would have been deliber-
ately geared to obtaining timbers of variable flexibility 
or for storage, as construction requires planning and 
early procurement of raw materials. 

DISCUSSION 

The results of the wood charcoal analyses from 
the San Chuis hill fort have provided a snapshot of 
the flora of Asturias during the Iron Age. They in-
clude woody plants used for fuel by the indigenous 
population and the timber selected for the construc-
tion of the Roman observation tower. The results are 
limited though, since the samples derive from early 
archaeological work where systematic sampling was 
not common. However, some interesting results have 
been provided by the analysis of this small number of 
wood charcoal samples.

The flora associated with the indigenous settle-
ment indicates that thermo-climatic characteristics 
then were similar to those prevailing today in the study 
area. The same plant taxa form the present woodlands 
in the region although the signs of human impact on 
the vegetation are more intense. The presence of Pinus 
sylvestris and/or Pinus nigra indicates cooler condi-
tions.

The Alto de la Espina (Salas, Oviedo) peat bog 
which is located at 650 m a.s.l. and close to the San 
Chuis hill fort has provided a pollen diagram. The 
wood charcoal results from the fort can be compared 
with the palynological evidence in order to further 
develop our regional understanding. According to the 
pollen diagram the vegetation during the Iron Age 
was dominated by deciduous Quercus sp. and Corylus 
avellana. The most abundant undershrubs belonged 
to Erica, Calluna and Cytisus (Lopez Merino 2009; 
Carrión et al. 2012). According to López Merino, evi-
dence for human impact on the vegetation can be seen 
in the increase of matorral species, cereal pollen and 
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-The wood used in the construction shows mor-
phological characteristics which allow us to define 
two types of timber use. Large oak beams and then 
twigs or small diameter branches of various taxa, oak 
included.

- Bark preservation on some twigs shows that the 
wood used for the construction was mainly cut in the 
most favorable season for growing and obtaining the 
best mechanical qualities. However, a small percent-
age of wood collected during less favorable seasons 
may suggest either that construction activities were 
quite long-lasting, or that the collected wood was 
stored for some time. Alternatively these character-
istics may reflect periodic maintenance of roofs and 
walls.
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