
Charbonnage, charbonniers, charbonnières / 27‑36Charbonnage, charbonniers, charbonnières / 27‑36

Abstract – This paper describes an interdisciplinary approach to 
wood charcoal production in the Iberian Peninsula, which draws 
on archaeological, archaeobotanical, ethnographic and historical 
evidence from a chaîne opératoire perspective. For this purpose, 
several samples from the charcoal kiln of Folgoso (Galicia, Spain) 
were studied. The archaeological excavation of this site enabled 
the comprehensive description of the characteristics of the kiln: 
location, dimensions, characteristics of stratigraphic units, 
etc. The archaeobotanical analysis of the samples consisted of 
taxonomic identification, as well as the consideration of other wood 
anatomical characteristics: part of the plant present (stem, twig, 
root), minimum diameter, age of plant part, season of cutting, and 
also different types of alterations related to the combustion process 
(radial cracks, vitrification, etc.). 

Resumé – Cet article est une approche interdisciplinaire de la 
production de charbons de bois dans la péninsule Ibérique par 
l’archéologie, l’archéobotanique, l’ethnographie et l’histoire en 
faisant appel au concept de la chaîne opératoire. Dans ce but on a 
étudié plusieurs échantillons de la charbonnière de Folgoso (Galice, 
Espagne). La fouille archéologique de cet endroit nous a permis de 
découvrir les caractéristiques du charbonnières: emplacement, 
dimensions, caractéristiques des unités stratigraphiques, etc. 
L’analyse archéobotanique des échantillons a eu comme résultat 
l’identification taxonomique ainsi que la considération d’autres 
caractéristiques anatomiques: la partie de la plante (tige, branche, 
racine), le diamètre minimum, l’âge de la plante, l’époque de 
coupe, ainsi que d’autres altérations résultantes du processus de 
combustion (fissures radiales, vitrification, etc.).
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The study of structures and samples linked to charcoal kiln 
sites provides indispensable information about scrubland and 
forest related economic activities (Fabre & Auffray 2002; 
Nelle,  2002; Ludemann,  2006, 2010; Durand  et  al.,  2010; 
Deforce et al., 2013). Charcoal production was an important 
economic activity in Northwest Iberia, particularly from the 
17th century onward. Wood charcoal was highly valued, both 
as domestic fuel in the cities and as an industrial fuel for 
activities such as smelting or forging iron. Heather (Erica spp.) 
was the main wood burnt in these kilns, although oak (Quercus 
sp. deciduous) and other taxa were also used occasionally.

The intensity of this activity had a noticeable impact on 
the forest, especially in areas where iron-ore was available 
and where the forges were located1. Although a widespread 
activity, there is a lack of archaeological information on the 
process of charcoal production, which was carried out mainly 
by family units from mountainous areas. Wood was burnt in 
circular kilns, between 1 and 2 m in diameter, which tend to 
be of low visibility in the landscape. 

The aim of this investigation was to carry out an 
interdisciplinary approach drawing upon archaeological, 
archaeobotanical, ethnographical, and historical evidence. 
This approach enabled the reconstruction of this activity, and 

 1 Schulz Guillermo, «Ojeada sobre el estado actual de la minería del 
distrito de Asturias y Galicia», Anales de Minas, t. I, 1838, p. 379-397; 
La minería en la Región Gallega, 1928, p. 81.

the marks it left on the landscapes where it took place. This 
approach also provided data that facilitated the interpretation 
of archaeological evidence from charcoal production sites. For 
this purpose, several samples from Folgoso (Xermade, Lugo, 
Galicia), a historical charcoal production site, were studied. 

The archaeological excavation of this site enabled the 
comprehensive description of the characteristics of the kiln: 
location, dimensions, characteristics of the stratigraphic 
units, etc. The archaeobotanical analysis of the samples 
consisted of taxonomic identification, as well as the 
consideration of other wood anatomical characteristics 
and different types of alterations related to the combustion 
process. The  data recovered from the archaeological 
structures and archaeobotanical samples of Folgoso facilitated 
the review of other archaeological features, such as those 
found at A Mourela (As Pontes, A Coruña), which could be 
interpreted as structures associated with charcoal production 
(Martín-Seijo et al. 2009).

Wood charcoal production process
In order to study the wood charcoal production process in 
Northwest Iberia, the concept of chaîne opératoire was employed 
to organize all the information recovered from historical and 
ethnographical sources. The chaîne opératoire or operational 
sequence was defined by Lemonnier (1986:149) “as a series of 
operations which brings primary material from its natural 
state to a fabricated state” and involves different elements 
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(energies, tools, gestures, knowledges, actors, materials) that 
interact during a process which modifies a material system 
(Lemonnier 2004). The technical choices involved in the 
wood charcoal production process were woven into a social, 
economic and ideological tapestry that was, in many ways, 
unique to a particular place and time (Skibo & Schiffer, 
2008: 1-2). 

A literature review of historical sources and references 
to this activity was undertaken, although documentary 
references to small-scale charcoal production in pit-like 
structures are rare. Ethnographical and ethnobotanical 
studies that reference this production process were also 
examined (Lorenzo, 1983; Blanco, 1996; Fidalgo, 2001; 
Cerrato, 2002; Carvalho, 2005). In addition, the entire 
charcoal production process was recreated by a retired 
charcoal burner (Abelardo Martínez Corral from Piñeiros, 
Xermade), and recorded by Xosé M. Felpeto Carballeira, 

following the ethnographic method of participant observation 
(Atkinson & Hammerley, 1994) (Fig. 1). 

The analytical methods of chaîne opératoire research help to 
link the static archaeological and archaeobotanical record 
to the dynamic social milieus in which the techno-gestures 
were practiced (Dobres, 2010: 129; Dufraisse, 2012; Burri et al., 
2013). This concept also allows the integration of interrelated 
elements that underlie the manufacturing process, such as 
the individual, the environment, raw material, tools, skills, 
knowledge, social and economic relations, etc. 

Five main stages in this process could be distinguished from 
historical and ethnographical sources:

1. raw material procurement (wood supply: selection and 
extraction);

2. raw material preparation (trimming branches, splitting 
the trunk or the roots, etc.);

Fig. 1 – Different stages of the chaîne opératoire of heather charcoal production in a pit-like structure (foia). The recreation of the technical process took place in 2005 
during the 1st Conference “Aprendendo cos nosos maiores” (Xermade, Lugo). The participants were Abelardo Martínez Corral, Xosé Seco Hermida and Xosé Manuel 
Felpeto Carballeira.
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3. structure preparation (selection of kiln location, 
digging the pit);

4. product preparation (burning of wood inside the kiln); 
5. final product (charcoal). 

In the geographical area under consideration, two different 
types of structures were identified – small kilns inside circular 
or oval pits (foia, froia) used in small-scale production, and 
upright circular kilns (carboeira). The current study focused 
on the former (foia, froia), as they correspond most closely 
to the archaeological feature found at Folgoso, and they are 
also the most common kiln type in this area. The differences 
between these kiln types were not only morphological, but 
also quantitative in terms of the amount of charcoal produced 
by each firing episode. However, these differences did not 
extend to the type of wood resources burned in each, as wood 
from trees could be burned in the small pit structures and 
shrub wood could be used in the large upright kilns.

According to the sources consulted, the production of wood 
charcoal was undertaken by family units (Cerrato, 2002). 
Men, women and children undertook this activity seasonally 
(2 or 3 months in autumn or winter), complementing their 
agricultural duties or carried out in parallel with other 
economic activities, such as herding. It was a family activity, 
normally carried out by one to three individuals of a family 
unit, depending on the quantity of charcoal to be produced. 
Various tools were used during the different stages of the 
production process, including a hoe to pull up the roots, a 
draw hoe or a hatchet to cut off the branches and to split the 
trunk or the roots (the smaller branches could be also broken 
by hand), and finally a grubber to dig the pit. 

Raw material procurement
The historical and ethnographical sources point to a clear 
correlation between the choice of wood burned and the 
final use of the charcoal. This selection is evident in the 
charcoal employed in the different metallurgical processes 
(reducing, melting or forging), and ref lects not only the 
choice of particular species, but also the location where the 
wood resources were growing (shady or sunny mountainside). 
Charcoal obtained from sunny mountainside locations was 
especially valued by smiths, while charcoal from shadier 
slopes, which has a higher humidity content (Cerrato, 2002) 
was used for domestic activities (heating, cooking or ironing). 

As reported in historical sources, the fuel used for 
smelting was charcoal from heather (Erica sp., Erica australis 
subsp. aragonensis)2 (Blanco, 1996; Cerrato, 2002), although 
sometimes oak (Quercus robur), chestnut (Castanea sativa), and 

 2 Gómez Núñez Severo, El general de artillería Don Juan Manuel Munárriz y la 
siderurgia del siglo XVIII en la región del Bierzo, Madrid, Publicaciones de la 
Sociedad Geográfica, 1926

strawberry tree (Arbutus unedo), amongst others, were used. In 
forges, the preferred fuel for calcination of the iron-ore was 
charcoal from oak and chestnut, although other taxa, such as 
beech (Fagus sp.), ash (Fraxinus sp.), strawberry tree, walnut 
tree ( Juglans regia), cherry tree (Prunus sp.) and pine (Pinus sp.) 
could also be burned3. Heather was the fuel burned during 
the reduction process of the mineral. 

Scrubland management practices were applied to facilitate 
the extraction of the raw material (Cerrato, 2002). The upper 
part of the shrubs was cut to prepare the soils for extensive 
cultivation in the mountain areas, and the scrubland was 
sometimes set alight to facilitate the removal of the roots. 
Once burned, the heathers were spread on the ground 
until the end of the summer when the charcoal was made 
(Fidalgo 2001: 50). These practices also favoured the regrowth 
of shrubs in the same area.

Charcoal production took place primarily in mountainous 
areas where wood, from both forest and scrubland, was 
abundant. The amount of wood needed for charcoal 
production was very high, and as a result firewood and 
timber was scarce in the environs of kilns and forges. The 
deforestation associated with this production process led 
to the introduction of various laws in the 18th century that 
aimed to protect trees and forests. These included restrictions 
relating to the period during which trees could be felled (only 
a few months each year), as well as proscriptions as to the 
type of trees that could be cut (dead trees) and the interval 
between fellings (10-12 years). An example of such regulations 
is found in the Real Cédula of 1791 for Sargadelos (Lugo).

Raw material preparation
This stage was particularly important in the production of 
charcoal from heather. The branches of this shrub were cut 
off using a tool or pulled up by hand, leaving only the stumps 
and the roots, which were valued for their hardness. After 
removing the soil, the stumps and roots were transported in 
bags or baskets to the kiln site, where they were then split into 
pieces of different size. 

Structure preparation
The location chosen for the kiln pit had to have thick and 
grassy topsoil (Fig. 1.a, 1.b), as the sod was used to cover the 
pile of wood once it was burning. Pits were commonly reused, 
and where this happened the structures had to be cleaned 
prior to reuse. The pits ranged from 1m-2 m in diameter and 
from 0.40m-0.50m deep. 

 3 Hernández Sampelayo Primitivo, Memorias del Instituto Geológico y Minero 
de España. Criaderos de hierro de España, T. IV Hierros de Galicia, Madrid, I, 
1922, II, 1931, III, 1935
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When the pit was prepared, similar sized pieces of split 
wood obtained from stumps and roots were placed inside. 
The longest pieces of green wood were placed upright in the 
centre of the structure, and the remainder placed around 
them to form a cone-shaped structure that would facilitate 
oxygen circulation (Fig. 1.c, 1.d). The dry wood, the branches 
and the splinters were used as combustion kindling.  

Product preparation
The skills and knowledge of the charcoal producers 
underpinned the ability to achieve maximum extraction 
of charcoal from the wood collected. The fire was lit in the 
centre of the wooden cone-shaped structure, from where it 
spread outward. When the wood was reduced in volume and 
red embers produced, the structure was covered (Fig. 1.e). The 
sods were placed, grass facing downwards, over the embers 

Fig. 2 – Geographical location of the charcoal kilns of Folgoso and A Mourela
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(Fig. 1.f). The rest of the soil removed during the digging of the 
pit was used to cover the kiln (Fig. 1.g).   

The combustion process could last from seven/eight hours 
up to two or three days. During this time, the kiln had to be 
constantly attended until the charcoal was made. The two 
main problems that could occur was that (1) the combustion 
process stopped, and (2) that too much oxygen was drawn in 
by the kiln, producing complete combustion, with the result 
that instead of charcoal, only ash would remain. The kiln 
could not be opened until the fire was extinguished. Once this 
occurred, the soil and the sod were removed and the charcoal 
was spread out on the ground (Fig. 1.h). The charcoal was 
then collected and stored in bags or baskets. The volume of 
charcoal obtained was approximately a third of the volume of 
the wood burned.

Final product
The charcoal was classified in relation to its qualities and 
transported to the point of sale. The higher quality charcoal 
was obtained from heather stumps and roots, well burned, 

and was used for specialized activities such as metalworking. 
The poorest quality charcoal, including little fragments of 
charcoal and partially burned stumps and roots only (zocha), 
was intended for domestic use.

The charcoal kiln of Folgoso
The site of Folgoso (Xermade, Lugo, Galicia) is located at 
650 m.a.s.l. in the Atlantic area, which is under an oceanic 
inf luence and characterized by a climate of moderate 
temperatures and abundant winter rain (Fig. 2). The current 
vegetation in this area is mixed forest, including oak (Quercus 
robur), holly (Ilex aquifolium) and birch (Betula alba), and alder 
(Alnus glutinosa) along the river banks. Aerial photographs 
taken in 1956 show that the vegetation and the relief of the 
area have not suffered alterations during the last sixty years..

Archaeological features
The charcoal kiln of Folgoso is located near the Rego do Casal 
stream. The kiln was excavated during the summer of 2013, 
following on from previous research in the study area that 

Fig. 3 – Digital terrain model indicating land uses in Folgoso during the 1950s, showing the charcoal kilns distribution and their immediate surroundings
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identified and recorded historical kiln sites which were known 
by oral references. Other similar features were identified in 
the bottom of the river valley, although exhaustive recording 
of all the structures could not be undertaken at this stage 
(Fig. 3). 

The charcoal kiln was built at some point between 1940 
and 1959. It was a circular pit-like structure, 1.89  m in 
diameter and 0.58 m deep (Fig. 4). Excavation revealed four 
stratigraphic units within the pit (SU003 to SU006) and 
another deposit (SU002) in its immediate surroundings. All of 
these stratigraphic units were related to charcoal production 
and had a high content of wood charcoal remains – fragments 
with sharp edges and lengths ranging from 0.4cm to 10cm. 
Five sediment samples were collected, four of which were 
subsampled (SU002: 2 litres; SU0062: 2 litres) and processed by 
water sieving using 2.1 mm and 0.5 mm meshes.

Fig. 4 – Charcoal kiln of Folgoso: plan and section of the archaeological structure

Archaeobotanical data
Two samples from the stratigraphic unit located outside the 
structure (SU002) were selected for charcoal analysis. The 
other sample came from SU006, located inside and in the 
bottom of the kiln. These charcoal samples represent the 
latest use of this structure. The results are discussed together 
as both samples represent evidence of charcoal production 
in this structure, although it cannot be known if they 

correspond to the same or to different moments of use of the 
kiln. 250 charcoal fragments were analysed – 150 from SU002 
and 100 from SU006.

The charcoal samples were observed in an Olympus 
CX-40 ref lection light microscope with objectives of 2x, 
4x, 20x and 40x. The taxonomic identification was carried 
out by manually fracturing the charcoal according to the 
three anatomical sections of wood: cross, longitudinal 
tangential and longitudinal radial. Dendrological features 
of the charcoal were also recorded, considering several 
anatomical characters and alterations (Théry-Parisot, 2001; 
Marguerie & Hunot,  2007; Marguerie et  al.,  2010; 
Théry-Parisot  et  al.,  2010). The aim of recording these 
features was to characterize the exploitation of wooden 
resources, registering where possible the ring curvature 
(strong, medium, weak) (Marguerie et al., 2010: 327), the part 
of the plant consumed (stem, twig, round wood, root) and/
or the part of the stem (heartwood or sapwood) identified by 
the presence of inclusions such as tyloses. Other alterations 
that could provide information about the combustion 
process (radial cracks, vitrification, cell wall collapse, etc.), 
growth conditions (scars, compartmentalization, alterations 
of growing rhythm, etc.), and taphonomic processes 
(fragmentation, erosion, etc.) were also registered. All the 
archaeobotanical data were recorded in a Spatial Data 
Infrastructure (SDI) which includes both a database and GIS 
application (ArcInfo).

The results obtained from the charcoal analysis of these 
samples showed that the main taxa for charcoal production 
in this structure were oak (Quercus sp. deciduous) and heather 
(Erica sp. and Erica arborea/australis). The morphotypes Erica 
sp. and Erica arborea/australis were distinguished by the 
following anatomical characteristics. Erica arborea/australis 
was identified by the presence of uniseriate rays up to 8-11 
cells high composed of upright cells, and multiseriate rays up 
to 8 cells wide and up to 35-40 cells high, composed of upright 
cells at the margins and of square and procumbent cells in 
the centre (Queiroz, 1989). Erica sp. included species with 
rays between 3 and 6 cells wide, such as Erica multiflora, Erica 
scoparia, Erica umbellata or Erica vagans (Queiroz, 1989). Other 
taxa were sporadically identified, such as Salix sp./Populus sp., 
Rosaceae/Maloideae, Arbutus unedo and Quercus sp. deciduous/
Castanea sativa. 

The percentages of the different taxa varied between SU002 
and SU006 (Fig. 5). In the archaeological deposit located 
outside the kiln (SU002), a higher percentage of Quercus sp. 
deciduous was indentified, while in the deposit inside the 
structure (SU006) there was an absolute predominance of 
Erica spp. (Erica sp. and Erica arborea/australis). 
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These differences could be related to depositional processes. 
The charcoals recovered from both stratigraphic units 
could be the discarded fragments that were left inside the 
structure and its surroundings after the kiln was opened 
and the charcoal removed and classified according to quality. 
The higher proportional presence of Erica spp. in SU006 
is consistent with the role of this taxon as a main fuel and 
probably these charcoal fragments remained in situ in the last 
batch. The charcoal recovered from SU002 could be related 
to the processes of charcoal removal, classification, and 
packaging outside the structure, or might represent a mixture 
of charcoal from inside the kiln and from the covering layer 
of soil. The higher percentage of Quercus sp. deciduous in 
this deposit could reflect the fracturing of large individual 
elements of oak (branch, trunk), which may result in an over-
representation of this taxon. 

The differences previously observed between the 
stratigraphic units in terms of taxonomic composition 
are also ref lected by the differences that are observable 
in the analysis of the type of ring curvature (Fig. 6). The 
fragments with weak curvature in both deposits were all of 
Quercus sp. deciduous, while the fragments with strong and 
medium curvature included Quercus and the other taxa. The 
exploitation of trunks or large branches of oak could explain 
the high proportional presence of Quercus sp. deciduous and 
the predominance of fragments with medium and weak 
curvature in SU002. The fragments with strong curvature 
identified in SU006 could correspond to the exploitation of 
branches and twigs of heather.

Fig. 6 – Results of the ring curvature registered during charcoal analysis

The length of each charcoal fragment was measured, and 
slight size differences were recorded between these two 
stratigraphic units (Fig. 7). The charcoal recovered in the 
surroundings of the kiln was more fragmented (71.3 % of them 
between 0.3 cm and 1 cm) than that recovered inside it (64 %).

The most significant percentage of anatomical alterations 
were those related to the combustion process, such as radial 
cracks and vitrification (Fig. 8). Their presence was significant 
in both archaeological deposits (SU002 and SU006), although 
the presence of radial cracks and vitrification was higher in 
Erica sp. in SU006 and in Quercus sp. deciduous in SU002.

The season of plant death was registered in three cases, 
two fragments of Quercus sp. deciduous in the SU006 and one 
of Arbutus unedo in the SU002 (Table. 1). In both stratigraphic 
units the latewood formation had finished, coinciding with 
autumn or winter.

Fig. 5 – Results of charcoal analysis.
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Table 1 – Season of plant death

Taxa/
Season of plant death

SU002 SU006

Earlywood Latewood Earlywood Latewood

Quercus sp. deciduous 2

Arbutus unedo 1

Discussion
The majority of anthracological studies of wood charcoal 
production sites that have developed in several forest areas of 
Europe focus on the study of upright circular kilns, structures 
that are frequent and visible in the mountainous landscape 
(Fabre & Auffray,  2002; Nelle,  2002; Ludeman,  2010; 
Euba,  2010; Ludeman,  2012; Deforce  et  al.,  2013). Other 
less evident kiln structures, such as the small pit-like 
structures related to the exploitation of small shrubs and 
linked to local and family production, are less well known 
(Bonhôte et al., 2002), although recently kilns dating to the 
Late Bronze Age have been recorded and their anthracological 
data re-evaluated (Durand et al., 2010).

The existence of this kind of pit-like kiln in Northwest Iberia 
was reported in ethnographical sources (Lorenzo,  1983; 

Cerrato,  2002). These structures were used until several 
decades ago in relation to the exploitation of the scrubland 
resources for charcoal production. The data compiled about 
the different stages of the chaîne opératoire of the wood charcoal 
production process greatly helped in the interpretation of the 
archaeological and archaeobotanical data. 

The location of the charcoal kiln of Folgoso was conditioned 
by different factors:

1. the presence of woody resources (Erica spp. and Quercus 
robur);

2. the proximity of a water source;
3. the area selected was the property of the familiar 

unit that produced the charcoal. However, the 
ethnographical sources indicate that usually the 
charcoal production sites were placed on communal 
lands (Cerrato, 2002).

In the charcoal kiln in Folgoso, the morphological 
characteristics described in the sources (Lorenzo,  1983; 
Fidalgo, 2001; Cerrato, 2002) coincided with those registered 
in the archaeological record. These sources also helped in the 
interpretation of the formation processes of the stratigraphic 
units registered during the archaeological excavation. The 

Fig. 7 – Length of each fragment registered during charcoal analysis

Fig. 8 – Anatomical alterations related to the combustion process registered during charcoal analysis

04 MartinSeijoTerraBrion.indd   34 24/01/2017   16:12:02



 An Interdisciplinary Approach to Wood Charcoal Production in the Northwest of the Iberian Peninsula / 35

Charbonnage, charbonniers, charbonnières / 27‑36

charcoal recovered from SU002 could represent remains 
related to the spreading of the charcoal outside the kiln prior 
to collection and storage. In the case of SU006, the charcoal 
recovered came from the base of the structure, suggesting 
that it probably remained in situ and was not collected. The 
archaeobotanical data support this hypothesis, because the 
taxonomical composition was very similar, although there 
were variations in the percentage of presence of each taxa, 
and the presence of Erica spp. (including Erica sp. and Erica 
arborea/australis) was higher in the base of the structure. The 
season of plant death in autumn or winter concurred with 
the data recovered from the historical and ethnographical 
sources (Lorenzo, 1983; Fidalgo, 2001; Cerrato, 2002).

The archaeological characteristics described in the sources 
and recorded in Folgoso were very similar to those of the 
pit-like structure documented in A Mourela (As Pontes, A 
Coruña, Galicia) and dated to cal AD 772-1048 (Beta-230718) 
(Martín-Seijo et al. 2010). The taxa identified during the 
charcoal analysis of the samples were also comparable, with 
wood from Erica sp., cf. Rosaceae/Maloideae and Quercus sp. 
deciduous recovered. Vitrification and radial cracks were 
present in a high percentage of the charcoal fragments 
recovered from inside the kilns in both Folgoso and A Mourela. 
Occasionally the vitrification of the tissues was so high that it 
prevented their taxonomical identification.

The presence of  v it r i f ic at ion i s  com mon i n 
charcoal recovered from historical charcoal kilns 
(Théry-Parisot, 2001: 71; Vaschalde et al., 2011). The cause of 
the presence of this alteration still unknown, as experiments 
carried out showed that vitrified charcoals do not result from 
high temperature charring or from the use of green wood 
(McParland et al., 2010). The samples from Folgoso showed 
how the presence of both radial cracks and vitrification was 
higher in heather charcoal than in other taxa. The physical 
and chemical properties of heather may inf luence the 
presence of this alteration. The burning of small branches 
documented by the presence of heather charcoals with strong 
curvatures could also be related to vitrification, which often 
affects small pieces of wood such as twigs (Marguerie & 
Hunot, 2007). In addition, the conditions in which combustion 
developed could also be a factor.

The exploitation of scrubland wood resources (Erica spp.) 
as raw material for charcoal production indicates the 
importance of reassessing the management and exploitation 
of the scrubland in mountain areas, probably since early 
times, as well as the role of fire in spreading these shrubs and 
facilitating their extraction. 
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