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The evolution of wood fuel exploitation
in the El Born Market site (Barcelona,
Spain) during the 15th-18th centuries
starting from charcoal analysis
Results from the wood charcoal analysis of a Medieval and Post-Medieval structure in the
Barcelona city centre are presented. The anthracological assemblage reﬂects, plausibly,
the fuel composition used in the site and informs us about the woodland exploitation during
the period considered. Data reveal high percentages of oak species in almost all the sequence, except in the 16th century layers, which present shrubbier taxa. These evidences
have been commented in the light of taxa ecology and available archival documents, which
provide information about fuel imports and prices.
Keywords: anthracology, fuel supply, woodland exploitation, Early Modern period, Barcelona

Sono qui presentati i risultati dell’analisi antracologica di una struttura medievale e postmedievale rinvenuta nel centro di Barcellona. Il record antracologico riﬂette plausibilmente la
composizione del combustibile usato nel sito e dà informazioni sullo sfruttamento delle risorse boschive nel periodo considerato. I dati riportano alte percentuali di specie di quercia in
tutta la sequenza, ad eccezione degli strati di XVI secolo, che presentano tassoni più arbustivi. Queste evidenze sono commentate alla luce dell’ecologia e dei dati disponibili grazie alle
fonti archivistiche, che danno informazioni sulle importazioni di combustibile e i relativi prezzi.
Parole chiave: antracologia, fonti di combustibile, sfruttamento del bosco, prima età moderna, Barcellona

1. Introduction
Woodlands for centuries played a central role in supplying human settlements for fuel and raw material for buildings, objects and tools. Hence,
woodlands are considered essential for the development of all the societies before the 18th century. Fuelwood, above all, was the ﬁrst woodland
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exploitation cause (Wing 2015, pp. 28-29), as it represented a basic
human need for heating, cooking, melting or smoking material in domestic
and manufacturing activities. As carbonization prevents the material
degradation, charcoals are often very abundant in archaeological sites
and they are a source of valuable information (Carrión 2005, p. 31). In
detail, through anthracological analysis, it is possible to understand which
trees were used in human settlements for different purposes. Moreover,
the presence of one type of wood instead of another could subtend choices dictated by availability in the environment proximal to the site, qualities
and convenience, and as well the socio-economic situation of the moment
on both smaller and larger scale (Delhon 2018; Durand 2004).
Many anthracological studies on historical periods have been realized
up today in the framework of multidisciplinary projects about historic
landscapes, following the tradition of L. Fabre (1996), A. Durand (1998)
and B. Davasse (2000), focusing, above all, on the charcoal kilns remains. These sites are of primary production of charcoal fuel, located either nearby or inside the woodland to be exploited (Montanari et al.
2002; Nelle 2003; Ludemann 2003; Euba 2009; Paradis-Grenouillet
2012, 2017; Deforce et al. 2013; Dupin et al. 2017, among others).
However, investigations about fuel waste debris inside urban contexts
during Medieval and Early Modern period are less abundant, at least in
Catalonia (see among others Euba, Allué 2010; Vila Moreira, Piqué
Huerta 2012 for Catalonia; Deforce 2017 for Belgium; cf. Mercuri et al.
2015 for Italy).
The site of the El Born Market (Mercat del Born), in the city centre
of Barcelona, represents an excellent opportunity to develop anthracological studies on the 15th-18th centuries, very limited up to now, thanks
to the particular attention given to the recovery of bioarchaeological remains during the last excavation campaigns (2016-2019). An urban context like this supposes a challenge for the interpretation of the anthracological diagram, due to the numerous agents that might have biased
the record. In fact, in addition to the bias represented by the combustion
and the depositional or post-depositional processes, the charcoal assemblage is particularly subjected to the “societal ﬁlter” (Théry-Parisot et al.
2010). Since an Early-Modern city requires most likely a systematic fuel
management, the charcoal assemblage could have little paleoecological
value, as it is the result of many selections that took place at the moment of cutting, trading, selling and ﬁnally buying the fuel inside the city
(cf. Asouti, Austin 2005). The aim of this work is to discuss this idea
through the study of the evolution of the fuel supply inside a house, located in the Born Market archaeological site. In detail, the composition
in taxa of the anthracological assemblage and its variations will be pre-
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sented and linked to which vegetation was exploited in the site. Subsequently, origins and prices of fuelwood will be analysed in the light of the
information provided by the available archival sources.

2. Regional settings and site description
The site object of the study is located inside the city of Barcelona,
which rises on the homonymous plain created, in its lower part, by the
sedimentary action of the Besòs and Llobregat rivers during the
Holocene (Riera Mora 1994; Julià Bruguès, Riera Mora 2014). According to Rivas Martínez et al. 2004, the region includes meso and thermoMediterranean environment.
Northward the Barcelona’s plain, the Catalan Coastal Range follows
the coast. This is delimited southward by the Garraf Massif, Collserola
Mountain Range and Montnegre Mountain Range to the North-East, and
it reaches the highest peak at 763 m.a.s.l. Vegetation of these ranges
are dominated by Quercetum ilicis galloprovinciale, composed generally
by Quercus ilex and a shrubby underwood of Viburnum tinus, Rhamnus
alaternus, Phillyrea latifolia, Arbutus unedo and Erica arborea, among
others. In this range it is possible to ﬁnd sporadic associations of submediterranean communities (Violo-Quercetum fagineae subass. buxetosum or cerroidetosum) (Bolòs 1962).
The southern part of Barcelona plain is characterized by calcareous
substrates and the most common plant community is the Querco-Lentiscetum, composed by sclerophyllous shrubby species such as Quercus
coccifera, Olea europaea var. sylvestris, Pistacia lentiscus, Chamaerops
humilis and Rhamnus lycioides.
The Catalan Coastal Range is followed northward by the Catalan PreCoastal Depression and the Catalan Pre-Coastal Range, deﬁned by the
mountains of Montserrat, Sant Llorenç del Munt and Montseny. In the
depression, it is common to ﬁnd Quercetum ilicis galloprovinciale, whereas in the mountains semi-evergreen sclerophyllous woodland (Quercetum
rotundifoliae) is prevalent, due to a more continental and drier climate.
Buxo-Quercetum pubescentis and Viburno-Quercetum ilicis may also be
present at this stage, the ﬁrst composed mainly by Quercus pubescens,
Quercus ilex ssp. rotundifolia, Fagus sylvatica, Acer opalus, Pinus
sylvestris, Buxus sempervirens, Prunus spinosa, Juniperus communis,
Corylus avellana, whereas the second, in less rainy areas, is formed by
Quercus faginea, Pinus nigra, Acer opalus, Pinus sylvestris and Buxus
sempervirens (ﬁg. 1) (Bolòs 1962, 1957; Folch i Guillèn 1981; Riera
Mora 1994; Allué 2002).
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Fig. 1. Thematic maps of Catalonia. On the left, physical map with the main geomorphologic units (Institut Cartogràﬁc i Geològic de Catalunya, https://www.icgc.cat/, ri-elaborated by S. Bianco). On the right, map of the vegetation communities (from Bolòs et al.
2004, translated by S. Bianco).

Anyhow, in the area considered, these ecosystems are rarely in equilibrium and they are frequently affected by different factors such as
ﬁres, cutting, clearances or grazing. In Mediterranean woodlands, these
disturbances often cause the retreat of the Quercion communities in
favour of more sclerophyllous species which can both regenerate faster
and adapt better in case of soil loss or prolonged droughts, as in the
case of Mediterranean pines and shrubs like Arbutus unedo or Erica arborea (Folch i Guillèn 1981; Julià Bruguès, Riera Mora 2010).
El Born Market (Mercat del Born) site is located in the eastern part
of the Old City (Ciutat Vella) district of Barcelona, in La Ribera neighbourhood (ﬁg. 2). The archaeological site shows the evolution of this part
of the city from the late Middle Ages to the Modern Period and is very
peculiar for the “recent” chronology represented, the exceptional preservation and the large extension of the excavation.
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Fig. 2. Barcelona city centre and localization of El Born Market site (Institut Cartogràﬁc
i Geològic de Catalunya, https://www.icgc.cat/, ri-elaborated by S. Bianco).

This area was formed in Roman times due to an increase in the sedimentation rate of the Besòs river and since then, the coastline has
changed considerably (Julià, Riera 2014). Up to the 13th century this
part was still covered by littoral sands and used ﬁrst by Christians, and
then by Muslims as a necropolis (Beltrán de Heredia Bercero 2010,
2011). Subsequently, in the following century, urbanization began and
continued as the sea receded, until this area became the new commercial and mercantile heart of Barcelona (Banks 1992; Guàrdia, Garcia Espuche 1992). The construction of an irrigation canal called Rec Comtal
had a key role in the development of this part of the city. Besides being
the engine of the mills and providing irrigation to the ﬁelds, it allowed to
carry out many crafting activities which needed water, such as dyeing,
tanning and forging metals (Guàrdia, Garcia Espuche 1992; Artigues
Conesa, Fernández Espinosa 2014).
With the defeat of Barcelona at the end of the Spanish Succession
War (1700-1714) and the Bourbons’ rise of power, it was decided to
build in the area of La Ribera neighbourhood a military fortress, called
the Citadel (La Ciutadella) in 1717. The construction of a large pentagonal structure and an esplanade for military operations implied the demolition of about 1015 buildings for clearance, 17% of the total buildings
of Barcelona at that time (García Espuche 2009) (ﬁg. 3). To level off the
topographical differences, in some depressed areas such as El Born, the
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Fig. 3. Plan of Barcelona in 1717 with the area affected by the construction of the
Citadel, a 17% of the city (from Artigues Conesa, Fernández Espinosa 2014).

walls of the buildings were maintained up to about 2 m of height and then
they were covered with soil in order to ﬂatten the area for the construction of the esplanade. Therefore, between 1718 and 1802, the area remained buried underground and nothing else was built above it, which allowed the preservation of the remains of the old structures. In 1869,
the Citadel was demolished and replaced with a big park as well as a market, which remained functioning until 1971.
Extensive archaeological interventions have been carried out since
2001, under the iron structure of the old market, allowing to uncover
around 8000 m2 of the 18th century-Barcelona and, since 2013, the
site has been accessible to the public as part of the current cultural centre El Born Centre de Cultura i Memoria (Artigues Conesa, Fernández
Espinosa 2014) (ﬁg. 4).
From 2015 up to the present, new archaeological interventions have
been taking place inside the Born Market in order to investigate the
stratigraphy under the 18th century layers for a better understanding of
the neighbourhood’s evolution through time (Fernández 2019).
In general, the last phases of the site are particularly well documented, thanks to the study of the archaeological remains, but also due to
the very abundant written sources available for the Early Modern Period,
i.e. notarial deeds, post-mortem inventories, marriage certiﬁcates, testaments, census, cadastres etc., that made possible the reconstruction
of the economic, social and daily life of El Born neighbourhood’s inhabitants (Garcia Espuche 2009).
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Fig. 4. Current views of the archaeological site of El Born Market (S. Bianco).

The structure considered in this work, denominated Corrales’s
house, is located in the western part of the El Born Market site. This
area was more dedicated to crafts and productive activities due to the
possibility to exploit Rec Comtal water for different processes and to
eliminate directly the waste (Garcia Espuche 2009; Artigues Conesa,
Fernández Espinosa 2014) (ﬁg. 5). Its name is due to the last owner of
the parcel cited in the Bourbon cadastre of 1716, before the demolition
of the neighbourhood. In detail, during the last phase of the site, the
Corrales family owned 2 buildings in the block and, thanks to the retro-
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spective analysis of the written sources, it is possible to obtain information about the tenants of the two houses from the beginning of the
17th century (García Espuche 2009). It is noteworthy that the building
and more in general the block, was continuously owned or rented by
members of the Viola strings producers (Corders de Viola) guild. From
the second half of the 16th century, in fact, this profession was really
popular and most of the products were exported, above all to England,
passing by Cadis.
A post-mortem inventory, compiled in 1659, listed the instruments
and tools to carry out this activity in the workshop on the ground ﬂoor
of Corrales’s house: two wood string tensors, two lathes to twist the
strings and three jars for bleach (Garcia Espuche 2009, p. 175). However, these were only a few tools, because most of the work took place
in Casa dels Budells (literally “The Guts house”), a space that was
shared with other guild members near Rec Comtal and Llull square (Garcia Espuche 2009; Artigues Conesa, Fernández Espinosa 2014). Therefore, since only ﬁnishing works was supposed to take place in the house,
the charcoal material studied in this work has been considered more as
a result of domestic activities than as the viola strings manufacturing
process (cf. Garcia Espuche et al. 2009).

Fig. 5. General plan of the ancient El Born neighbourhood with the position of Corrales’s
house highlighted in red (parcels n. 3 and n. 4); the rectangle represents El Born Market
site (A. Fernández, S. Bianco).
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Casa Corrales

area 16

area 19

Fig. 6. Planimetry of Corrales’s house with areas excavated during the archaeological intervention in 2016 highlighted in pink and photos of area 16 and 19 before the intervention (from Fernández 2019).

The building n. 4 was excavated in 2016 and the intervention focused on three rooms of the house, called area 16, 19 and 21 (ﬁg. 6).
In area 16, located in the south-west part of the plan, the excavation
of 50 cm of stratigraphy was carried out at the base of two sewers
that crossed the room diagonally, built in two different moments of the
17th century. The excavation reached the 14th century tile ﬂoor, partially exposed during the archaeological interventions in 2001-2002. In
area 19, in the eastern part of the house, after disassembling the ﬂoor
stone slabs of the 18th century, brought to light in 2001-2002, the excavation of 14 m2 surface of the area was carried out and reached the
base of the anthropic stratigraphy dated at the end of the 13th century.
The only structures documented in this area were the remains of the
staircase to reach the ﬁrst ﬂoor, dated around the 1625, and the
traces of a big coeval entrance door opened onto Na Rodés street.
Area 21 is located in the southern part of the house, near area 16. The
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intervention here was only punctual and was limited to the excavation
of the sediment that ﬁlled the sewer. This structure was in use until the
18th century and was related to the sewer in area 16; it allowed the
outﬂow of the wastewaters in Rec Comtal (Fernández 2019).

3. Materials and methods
In Corrales’s house, the recovery of charcoal and other archaeobotanical macroremains went through different phases. In the first
place, a minimum of 40 litres of sediment for every Stratigraphic Unit
(S.U.) was collected during fieldwork, when available. Subsequently,
manual flotation was carried out to extract the bioarchaeological
macroremains, pouring the less dense material on a column of sieves
with mesh size of 2, 1, o,5 and 0,25 mm (Buxó, Piqué 2003). Once
dried under environmental conditions, the samples were sorted with
the help of a binocular loupe. Afterwards, due to the large amount of
charcoal material collected, it was necessary to select a group of the
most representative S.U. for the analysis. In the first place, material
from dwelling surfaces was preferred, when present, and subsequently some levelling layers and sewer’s fillings of different chronologies
were chosen to complete the anthracological sequence. A total of
fourteen S.U. were used in this work: five S.U. have been taken in consideration in the area 16 (S.U. 1961, 1964, 1988, 10007, 10014),
eight S.U. in the area 19 (S.U. 1955, 1994, 10016, 10044, 10048,
10061, 10074, 10075) and one S.U. has been considered in the area
21 (S.U. 1972) (fig. 7). These units have been grouped in 8 chronological phases, according to the interpretations given in the intervention report and their chronology (Fernández 2019), as summarized in
fig. 8. Almost all the S.U. considered contained dispersed charcoal
fragments, which are supposed to be the result of a long-term accumulation of fuel waste. Dispersed charcoals are considered more representative for the anthracological analysis than concentred charcoals, which are normally associated to combustion structures and
represent only the last burning events (Chabal et al. 1999). In the
record analysed, none of the S.U. were associated to combustion
structures (not present at all in Corrales’s house), although S.U.
10044 and 10074 were composed principally by ashes and charred
organic material.
Taxonomical identiﬁcation was carried out by fragmenting by hand
each charcoal in three sections (transverse, radial and tangential) and
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Fig. 7. Sections of area 16 (above) and area 19 (below) with the stratigraphic units (S.U.)
analysed in this study highlighted in yellow and orange (from Fernández 2019, ri-elaborated by S. Bianco).

by observing the anatomical characteristics with the dark/bright ﬁeld reﬂected light microscope Olympus BX41 at 50x, 200x, 500x magniﬁcations. Moreover, the determination was supported with a reference collection, the wood anatomy atlas (Schweingruber 1990) and the InsideWood project database, available online (https://insidewood.lib.ncsu.
edu).
In the charcoal analysis, most of the times, genus and family can be
identiﬁed. However, it is less often possible to determine the species. It
depends, among other reasons, on the species variability inside a genus
or family, on the preservation of the material, its alteration status and
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Fig. 8. Table which summarizes the information about the selected stratigraphic units
(S.U.) and their chronology. Phases have been arbitrarily decided for the aim of this
work, based on stratigraphy and chronology.
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on the size of the charcoal fragments. The results are then shown
through different identiﬁcation categories (family, genus, cf., type and,
occasionally, species) (cf. Alcolea Gracia 2017) and quantiﬁcation is
based on the number of fragments (Chabal 1988; Chabal et al. 1999).
In the case of oak, heath and pine, sometimes species or types were impossible to determine, and therefore they were treated separately. Due
to the great preservation state of the record, only fragments larger than
4 mm have been considered and for each S.U., variable quantities of
them have been studied, on the base of material availability and time. Finally, saturation curves have been built for each sample to verify the result reliability (Chabal 1988, 1992).
By contrast, wood anatomy alterations as vitriﬁcation, shrinkage
cracks, attacks of fungi or xylophagous animals, as well as growth ring
size and minimum diameter of the initial wood (cf. Castelletti 1990) have
not been included in this article because further developments and a speciﬁc discussions on the topic are needed.

4. Results
The study of 2336 charcoal fragments from the selected S.U. has
yielded 23 different taxa (ﬁg. 9). In general, in terms of variability, it
ranges between 6 to 11 taxa for S.U., independently from chronology
and the area considered. In addition, 220 fragments have been excluded
from the analysis because they did not present enough anatomical characteristics to allow a determination.
It is noteworthy that Quercus sp. evergreen resulted the most abundant taxon (51,3% of the total), followed by Arbutus unedo (strawberry
tree) with 15,2%, Quercus sp. deciduous (Q. humilis, Q. faginea, Q. petraea and Q. cerrioides, according to Burriel et al. 2000) with 11,6%,
Pinus halepensis (Aleppo pine) with 9,1% and by Erica type arborea (tree
heath) with 7,4%. As showed in the ﬁg. 10, these taxa are present in
almost all the S.U. Other taxa are present only in some of the layers and
appear generally with very low percentages, such as other Mediterranean pines (Pinus cf. pinea, Pinus cf. pinaster, Pinus type small pits),
Mountain pines (Pinus type sylvestris), Corylus avellana (hazels), Populus
(poplar), Salix (willow), Alnus (alder), Fagus sylvatica (beech), Liliaceae
type Smilax (lily family), Rhamus alaternus/Phillyrea (buckthorn/privets)
Ficus carica (ﬁg tree), Cistus (rockroses), Olea europaea (Olive),
Fabaceae (legumes), Vitis vinifera (vine), Prunus (plums), Punica granatum (pomegranate), Maloideae (pomes).
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4.1. Description of the anthracological phases
Phase 1 (1450 A.D.)
It groups the S.U. 10075 and S.U. 10074. In the ﬁrst unit, Arbutus
unedo (41,1%) and Erica type arborea (33,3%) are the most abundant
taxa, followed by a scarcer presence of Quercus sp. evergreen (7,7%),
whereas in S.U. 10074 Quercus sp. evergreen reaches the 59,4%,
Quercus sp. deciduous the 25,6% and Arbutus unedo only the 10,7%.
Phase 2 (1450-1500 A.D.)
This phase includes the S.U. 10061 and 10048, which present roughly the same trend. In both units, in fact, Quercus sp. evergreen and Quercus sp. deciduous are the most frequent taxa, followed by Arbutus unedo.
Phase 3 (1500 A.D.)
This phase groups the S.U. 10044 and 10014. In the ﬁrst layer, Arbutus unedo (30,8%), Quercus sp. evergreen (29,4%) and Erica type
arborea (28%) are the most important taxa, followed by a littler presence of Pinus halepensis (4,7%). In the second S.U. Arbutus unedo is
more abundant (50,3%) and Erica type arborea is scarcer (15,3%).
Phase 4 (1525-1550 A.D.)
It is represented by the S.U. 10016, which accounts a high presence
of Pinus halepensis (58,9%), followed by littler percentages of Quercus
sp. evergreen (21,7%) and Arbutus unedo (6,5%).
Phase 5 (1550-1600 A.D.)
It is characterized by the S.U. 10007, which shows a good presence
of Quercus sp. evergreen (37,3%), Erica type arborea (27,4%) and the
same quantity of Arbutus unedo and Quercus sp. deciduous (11,8%).
Phase 6 (1600 A.D.)
It is represented by the S.U. 1994 and 1988 which have similar
trends. In the ﬁrst unit, Quercus sp. evergreen’s presence grows considerably (66,4%) compared to the previous phase, followed by Arbutus
unedo (11,8%) and Quercus sp. deciduous (11,4%).

Fig. 9. Results of the charcoal analysis. Quantiﬁcation of identiﬁed taxa are expressed in
number of fragments (N.) and percentage (%) on the total identiﬁed charcoal in the S.U.
(whereas the % of unidentiﬁed fragments are calculated on the total fragments considered in each S.U.).

385

Sabrina Bianco et al.

Fig. 10. Diagram of taxa ubiquity inside the record analysed (100% represents the presence of the taxon in all the 14 S.U.).

Phase 7 (1625-1655 A.D.)
Represented by the S.U. 1955, it shows again a great presence of
Quercus sp. evergreen (67%), followed by the same percentage of Quercus sp. deciduous and Arbutus unedo (12,3%).
Phase 8 (1700-1717 A.D.)
This phase groups the S.U. 1964, 1961 and 1972, all dated to the
last use period of the structure. S.U. 1964 and 1961 are characterized
by a high presence of Quercus sp. evergreen (64% and 87%), whereas
S.U. 1972 presents scarcer percentages of Quercus sp. evergreen
(42,3%) and a higher presence of Pinus halepensis (30,8%). This unit
presents also 8,6% of Populus and 4,3% of Pinus type sylvestris.
Overall, according to the ﬁg. 11, in the ﬁrst two phases Quercus sp.
evergreen and deciduous are the most present taxa, except for S.U.
10075. Therefore, it seems that an important decrease of Quercus
species percentages occurs for the phases 3-5, which cover the 16th
century, in favour of shrubby taxa such as Arbutus unedo and Erica type
arborea. Moreover, the only S.U. considered for the Phase 4 presents
a very high presence of Aleppo pine charcoal fragments. Finally, in the
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Fig. 11. Anthracological
diagram of Corrales’s
house.
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phases 6-8, Quercus sp. evergreen increases again (more than 60 %),
Arbutus unedo decreases and Erica type arborea almost disappears
from the record (above all in the last two phases). S.U. 1972 presents
a slightly different trend, with a good proportion of Pinus halepensis fragments and less fragments of Quercus sp. evergreen than the other units
of the same phase. However, it should be noted that S.U. 1972 comes
from the ﬁlling of the sewer in the area 21, so probably it could have had
different formation processes than the others S.U. from area 16.

5. Discussion

5.1. The vegetation types represented in the charcoal assemblage
The results obtained from the anthracological analysis suggest that in
Corrales’s house, during the period considered, people were exploiting
different types of fuel coming mainly from sclerophyllous woodlands
(Quercetum ilicis galloprovinciale). In fact, the taxa which refer to this
type of vegetation in the record are mainly Quercus sp. evergreen, Arbutus unedo, Erica type arborea, Pinus halepensis, Pinus cf. pinea, Pinus
cf. pinaster, Pinus sp. type small pits, Cistus and Rhamnus alaternus/
Phillyrea, which together represent 87% of the total fragments considered. Querco-Lentiscetum community does not appear reﬂected in the
assemblage and in fact, Olea europaea is very scarce (0,43%) and Pistacia lentiscus is absolutely absent, although they were supposedly abundant species in the southern Garraf Massif areas (Folch 1981).
Other taxa identiﬁed are typical of middle-mountain deciduous woodland, such as Quercus sp. deciduous, Fagus sylvatica, Corylus avellana
and Prunus. However, Quercus sp. deciduous, which is the most abundant taxa in this group, may also be found in mixed oak forests with
Quercus sp. evergreen, Erica and Arbutus in shady and moist areas.
Taxa such as Alnus, Populus and Salix, present in very low percentages,
grow mostly in riparian woodlands, which are developed either near
water courses or humid areas. Pinus type sylvestris (mountain pines)
could be found in the mountain conifers woodlands, typical in inland regions and pre-Pyrenees, but as well in the pre-Coastal Range, between
400-700 m a.s.l., sharing space with oaks. Finally, the record presents
a low presence of taxa which probably came from either orchards or cultivated areas, such as Vitis vinifera, Punica granatum, Maloideae, as well
as Corylus avellana, Ficus carica, Prunus and Olea europaea. According
to García Espuche (2008), in fact, it seems that the area at least in the
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17th century was characterized by many orchards and gardens which exploited the Rec Comtal water. Moreover, there are documents from the
Crown of Aragon Archive (Barcelona) indicating that, in addition, Corrales’s house had also courtyard with trees1. It is reasonable that people
occasionally exploited branches or pruning remains of these cultivated
fruit trees as fuel.

5.2. The fuelwood in Corrales’s house
In general, the dominance of Quercus sp. evergreen along the whole
sequence, excluded the 16th century, is noteworthy, because it could indicate a high selection of the wood material at the time of cutting and purchasing the product inside the city. In fact, it is agreed that the evermore
intense human activities in this area of Catalonia lead to a dramatic reduction of oak species, which were exploited for centuries either as fuel
or building material. Woodland degradation processes were common since
the Roman times and involved, beside the general reduction of the forest
canopy, the increase of Aleppo pines and xerophilous shrubs at the expenses of oak woodlands (Riera Mora 1994; Riera Mora, Esteban Amat
1994; Julià Bruguès, Riera Mora 2010). Deforestation increased between the 7th-9th centuries with the conversion of many woodlands into
pastures, proven by the high presence of charcoal, shrubs and pyrophytic
taxa in pollen diagrams, but by the higher sedimentation rate of the Llobregat and Besòs rivers as well (Julià Bruguès, Riera Mora 2010; Riera
Mora, Esteban Amat 1994). The growing demand of forest products is a
leitmotiv for the Late Middle Ages and the Early Modern Period, to feed
the numerous metal forges, domestic heating and other productive activities, as well as being exploited for navy and infrastructure construction
(Costa et al. 2007, pp. 112-122; Wing 2015, pp. 1-25).
For these reasons, it is believed that the results of this charcoal analysis are not necessarily the reﬂection of the vegetation around the site
but seem instead more the consequence of a targeted exploitation of different woodlands in order to obtain a speciﬁc ﬁrewood.
Regarding the last phases of ﬁg. 12, our results agree with the anthracological study carried out in El Born in 2005 (Allué, Euba 2005). In
fact, in this occasion 355 charcoal fragments from the 17th-18th centuries layers from different sectors were analysed, discovering that
Quercus sp. evergreen was the dominant taxon in all the S.U. considered, followed by Quercus sp. deciduous and Arbutus unedo. Despite the

1 ACA (Arxiu de la Corona d’Aragó), Plets civils 25192; p. 1.
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Fig. 12. Anthracological diagram of the main taxa,
with the reﬂected vegetation for each chronological phase.

low number of fragments analysed in that occasion, it seems that during
this period, the predominant use of oak fuel was common in the whole
area of the El Born Market.
However, the scarce or statistical non-reliable anthracological analyses regarding this chronology which was carried out in other areas of
Barcelona city, mostly unpublished (Caruso Fermé, Piqué Huerta 2012;
López Bultó 2018 among others), do not allow us to make solid comparisons from a synchronic perspective.
The decrease in Quercus species usage during the 16th century
(phases 3-5 in ﬁg. 12), in favour of shrubbier taxa, represents a detachable change in the fuel type exploitation inside the house for different reasons which can be discussed. According to the archaeological interpretations, it is agreed that during this century the house suffered
various structural modiﬁcations, which involved the construction of the
sewer (Fernández 2019). Probably, this is the result of a change in the
house tenants which could have affected the functionality of some
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spaces and therefore, the usage of a different kind fuel. Moreover, the
anthracological diagram could be highlighting a period of more general
changes in the wood trades, prices and economy of the city. In general,
Barcelona showed the decrease of its importance in the European context in the 16th century, as well as a reduction in the urbanization rate,
in comparison with the previous centuries (Guàrdia, Espuche 1992;
Torres Sans 1992). Furthermore, two big plague infections (year
1530: ~6100 deaths, year 1589: ~11700 deaths on a population of
around 32.000 people) caused demographic contraction that could
have affected the quality of life and trades (Simon, Andreu 1992).
From another point of view, since the material analysed was not directly associated with any combustion structure and it was part of extended ﬂoors and levelling layers, it might also be plausible to consider
that it came from outside instead of being produced directly inside Corrales’s house. In fact, it was common, during these chronologies, to use
charcoal waste as an insulator and often it was recycled material from
metal forges, called cagaferro in Catalan (Garcia Espuche 2005, p. 30).
However, only further anthracological analyses and comparisons in different structures of the El Born Market will help to shed a light on this
aspect.

5.3. The contribution of written sources: fuelwood origins and prices
From the analysis of the written sources available, it is known that
Barcelona was not self-sufﬁcient in terms of forest products and strongly depended on trades with the surrounding areas in 15th century. Fuelwood and building material were transported to the city in large quantities by the sea, through cabotage navigation along the plain littoral (Ferrer i Mallol 1990; Soberón 2017). This is evidenced by the analysis of
the registers of the “Port anchoring right” (Dret d’ancoratge, in Catalan), a tax in force since June 1439, on all ships and vessels that anchored the port, calculated proportionally to their cargo capacity. The
registers, in different states of preservation depending on the year, reported daily, from 1439 to 1550, the types of boat that entered the
port, registering the name of the owner, boat tonnage and the port of
origin. Except for the ﬁrst few months, the registers normally did not list
the content of the boats, although it is now possible to identify those
that transported fuelwood because they had a discount of 25% (reported in the register) on the tax (Soberón 2017). Therefore, this document
is very valuable in order to understand the main fuel supply areas of the
time and to quantify the incoming material. De facto, it has been calcu-
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Fig. 13. Percentages of wood fuel that entered the Barcelona’s port for supply area, calculated on the years 1439, 1441, 1442, 1446 (from Soberón 2017) and localization of
the main wood fuel supply centres (Scribble Maps pro, https://www.scribblemaps.com/,
elaborated by S. Bianco).

lated that, during the years 1429, 1441, 1442 and 1446, a 23% of the
boats which entered the port were carrying woodfuel, which represented
20% of the whole unloaded materials (Soberón 2017). In particular,
75% of the whole fuel which entered the port in these four years came
from the Maresme area, while the rest arrived from La Selva (15%),
Baix Camp and Tarragona’s area (3,22%) and in lower quantities from
other or undetermined ports (ﬁg. 13).
Maresme is the area between Turó de Montgat and Tordera, formed
by about 20 supplying centres, out of which Mataró, Pineda, Arenys,
Sant Pol, Canet and Llavaneres were the most important and productive
ones; while the main centres in La Selva were Blanes, Lloret and Tossa.
Although the estimation is indicative, because it depends on the number of month-registers preserved for each year, the trend seems to be
maintained also for the following years until at least 1520 (Soberón,
pers. comm.).
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Fig. 14. Approximative prices expressed in diners for quintar of different ﬁrewood and
charcoal types starting from various archival sources (ACA: Arxiu de la Corona d’Aragó;
AHCB: Arxiu Històric de la Ciutat de Barcelona). Measures have been converted on the
base of Riu 1996 (elaborated by M. Soberón Rodríguez and S. Bianco).

These areas are generally characterized by a sclerophyllous maritime
woodland, with species typical of Quercetum ilicis galloprovinciale (dominated by Quercus ilex) (see ﬁg. 1). Pinus pinea is also widespread,
whereas Quercus suber grows mainly on siliceous substrates in some
areas of La Selva coast. Furthermore, although Quercus petraea nowadays is scarcely present in these areas, it was supposed to be more
abundant in the past (Vilar i Sais 1987; Bolòs et al. 2004).
According to the Libres de la Mostassaﬁa (version of the year 1560),
a collection of laws and regulations on manufacturing, trades and services of the city, wood fuel was considered an essential good and the
government guaranteed low prices and limited the resale. Charcoal was
considered even more precious, and, from 1393, it was forbidden to export it or to take it out of the city (Bajet 1993, pp. 304-312). The prices
of pine and heath charcoal, used in productive activities, were established by law to 10 diners for one sarrio of pine charcoal (the half of a
càrrega, ~62,1 kg), and 2 sous for one sac of heath charcoal (i.e. 24
diners for ~85-90 kg) (Riu 1996; Bajet 1993, pp. 309-312). The price
of evergreen oak charcoal was 20 diners for quintar (41,6 kg), almost
twice as much as the price of heath charcoal (Riu 1996; Bajet 1993,
pp. 305, 311-312). Moreover, the document lists the ofﬁcial prices of
ﬁrewood at the 16th century: 18 diners for quintar for evergreen/deciduous oak and olive tree, 16 diners for quintar for strawberry tree, and
14 diners for quintars for pine wood (Bajet 1993, pp. 304-309). However, these values result inexplicably higher than the ones extrapolated
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from different archival sources concerning the previous century, as summarized in ﬁg. 14.
The unloading and sale areas were strictly regulated as well. It is
known that all the wood fuel that entered through the port was deposited near the Torre Nova, between Palau square and Marquès de l’Argentera street (Pujades et al. in press), at least from the 14th to the 16th
century (Bajet 1993, pp. 304-309).
Wood transported by land was ofﬁcially weighed at Llull square or
near Boquería market along La Rambla and then sold in dedicated public
squares. Moreover, wood which came from the sea had to be weighed
and sold in the Ribera neighbourhood and sellers trading outside the ofﬁcial places had to impose a discount of 1 diner for quintar (Bajet 1993,
pp. 304-309).

5.4. Firewood or charcoal?
Fuel was obtained both burning charcoal and ﬁrewood and these were
considered different products with different prices, uses and often different areas of origin.
According to Soberón (2017), who studied the ﬁrst registers of the
anchoring right dated to 1439 (when some goods transported by boats
were listed), the area of La Selva was mostly dedicated to the production and selling of charcoal as fuel; this seems conﬁrmed also by the
study of the Tossa export activity (Zucchitello 1991). Mainly two type of
charcoal were produced here, one for domestic use, called carbó de fum
or carbó de foc (smoke charcoal or ﬁre charcoal), and another for industrial activities (above all metallurgy) called carbó de ferrer (blacksmith
charcoal). For the ﬁrst type, oak species were preferred, whereas the
second was produced mostly using wood from pines or strawberry trees
(Zucchitello 1991). In general, as this distinction implies different economic values and trades, it could be interesting to distinguish charcoal
produced from charcoal burning, and charcoal generated from ﬁrewood.
However, during anthracological analysis, this distinction is complicate
to obtain. A viable way seems to be the observation of the vitriﬁcation
degree of the charcoal fragments, as it could indicate that a second
combustion has occurred or that the material was subjected to high
temperatures (Fabre 1996; McParland et al. 2010). However, these do
not seem to be the only factors that inﬂuence vitriﬁcation (Scheel-Ybert
1998) and so it will be better to combine it with other approaches. In
this sense, the evaluation of trunk/branch calibre seems promising in
order to understand if the material has been previously carbonized in
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charcoal kilns or not (Paradis-Grenouillet et al. 2015). The approximation
of the wood initial diameter could be carried out through dentro-anthracological software (Dufraisse, García Martínez 2011; Paradis-Grenouillet 2012; Dufraisse et al. 2018, 2020).
Overall, in light of these considerations, it is assumed that highly selected fuel was used in Corrales’s house. This is shown by the huge percentage of oak charcoal in the phases 1-2 and 5-8, considered by the
written sources the domestic fuel par excellence and the most expensive. Probably, this material came mostly from Maresme and La Selva
areas, ranging a maximum of 100 km north from Barcelona. During the
16th century, oak fuel use decreased in favour of heath tree, strawberry
tree and Aleppo pine. These species can be a clue pointing to the exploitation of degraded maritime woodlands, but they are also good fuels
used generally for productive activities with lower prices compared to
oak fuel. This phenomenon could have been caused by speciﬁc internal
house dynamics (change of tenants, different activities inside the house),
depositional processes (taking charcoal debris for ﬂoor arrangements
from different places), or external causes, such as the decline of
Barcelona’s trades and the shortage of oak fuelwood.
Furthermore, it will be essential in the future to elaborate an approach to distinguish charcoal from ﬁrewood starting from the anthracological record, in order to understand which speciﬁc product was used
through time.

6. Conclusions
In this study, we have analysed the anthracological record of Corrales’s house, a structure located in the Born Market archaeological site
(El Born CCM), in the centre of Barcelona. This provides a ﬁrst approximation of the fuel exploitation between the Late Medieval and Early
Modern period (15th-18th centuries), in a neighbourhood that was the
heart of the city’s commercial life. In addition to a traditional charcoal
analysis, results have been commented considering various archival
sources (Dret d’ancoratge and Llibres de la Mostassaﬁa above all),
which allow us to understand the origins and prices of fuel at the time.
The anthracological record is mostly composed of species linked to
the Mediterranean woodland and it seems that the exploitation of the environment and the fuel consumption were extremely selective. Forest
products were imported above all from the area of Maresme and La
Selva and transported by sea to Barcelona. Evergreen oak species dom-
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inate the anthracological sequence and, according to written sources,
this was the fuel speciﬁcally produced for domestic use and, probably,
the most expensive. During the 16th century, the consumption of oak
fuel decreased in favour of shrubbier taxa, that were cheaper and mostly
exploited for productive activities. This phenomenon could reﬂect a
change (tenants, space functionality or activities) inside the house that
lead to buy different kinds of fuel. It could also be a symptom of different
trade dynamics of the city or a crisis period that caused shortages in
some types of fuel.
In general, this study shows that, in an urban context, the charcoal
assemblage could be the result of very different dynamics, which must
be interpreted through a multidisciplinary approach, combining together
charcoal and archival document analysis, in order to examine the socioeconomical aspects of fuel supply. In the future, more anthracological
studies in the urban archaeological contexts of Barcelona are necessary,
in both a synchronic and diachronic sense, to conﬁrm and compare the
trend obtained in this study and to expand the understanding of the fuel
exploitation in historic times.
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