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ARTICLE INFO ABSTRACT

Keywords: Iron Age combustion structures on the eastern Iberian Peninsula have traditionally been analysed through the
Fire installations study of their morphological aspects and their association with archaeological finds. Approaches including
Protohistory

microarchaeology and a combination of different disciplines are still rare for this area and period, despite the fact
that they will be able to provide more information on the construction techniques, fuels and uses of fire facilities.
The authors are currently undertaking the project entitled “Transdisciplinary and Experimental Study of Com-
bustion Structures in the Western Mediterranean during Protohistory (first millennium BC)” (TRANSCOMB)
aimed at implementing an interdisciplinary methodology for the study of protohistoric hearths and ovens. This
paper presents the results of the analyses (anthracological studies, phytoliths and calcitic microfossils, micro-
morphology and FTIR) conducted on a selection of combustion structures. Micromorphological and FTIR ana-
lyses give us detailed information on the construction technique and materials used. Macrobotanical and
microfossil records indicate fuel sources. The different analyses also provide information on the temperatures
obtained in the studied combustion structures. The coordination between specialists and the comparison of re-
sults obtained from the different techniques have provided a complementary view of the aspects studied. These
need to be extended by further research, including experimental work, within the framework of our project.

Western Mediterranean
Iberian Peninsula
Microarchaeology
Interdisciplinarity

1. Introduction

This article aims to present and discuss the first results of an inter-
disciplinary project investigating fire structures in the north-western
Mediterranean: the TRANSCOMB Transdisciplinary and Experimental
Study of Combustion Structures in the Western Mediterranean during
Protohistory (first millennium BC)) Project. The project study area in-
cludes the northeastern Iberian Peninsula, the south of France and the
Balearic Islands. The chronological span is the first millennium BC,
focusing particularly on the Iron Age (from the 8th century BC to the
turn of the era). The results presented here derive from information
retrieved at archaeological sites on the Mediterranean fringe of the

Iberian Peninsula.

The Iron Age archaeological sites in this area share some general
characteristics, such as a predominantly elevated locations and good
visual control of the surroundings. Most settlements are of the agglom-
erated type with regular urban layouts, houses sharing party walls and
sometimes grouped in blocks separated by streets or organised around a
central area of collective use. Construction techniques and materials are
mainly stone, earth, wood and other plant materials (Belarte, 2008;
Belarte et al., 2009). Domestic architecture can vary according to
different factors, such as the chronology, the geographical area or the
natural environment. House walls are mainly built with mud bricks on
stone plinths, although massive earth walls are also documented.
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Finally, a few walls are built entirely of stone, which in some cases are
preserved up to significant heights (2-3 m).

In terms of domestic equipment, the most frequent features are
combustion facilities, mainly hearths and, less frequently, ovens. These
are usually interpreted as being related to food processing or prepara-
tion. Most of the structures, especially hearths, are located indoors, and
are considered to have been for private use. On the other hand, ovens
which are usually outdoors, were probably collective facilities (Belarte
et al., 2016).

These combustion structures present different morphologies, loca-
tions and building techniques, particularly the hearths (with or without
a preparation layer, in a shallow pit or at floor level, etc.). However, they
also have common elements, especially the existence of an earthen
surface for the fire (Belarte, 2021). These traits are also common in other
areas of the Mediterranean during the Iron Age, as well as in earlier
periods. It is therefore to be expected that the same study methodology
can be applied to a wide geographical area and over long periods.

Research into Iron Age combustion structures presents specific dif-
ficulties. For example, they were regularly cleaned and their combustion
surfaces do not always display traces of fuels. Moreover, objects related
to their use (e.g. pottery or other cooking utensils) may be scarce due to
a slow abandonment of the site or post-depositional processes. In addi-
tion, in some rooms, there are traces of several fires across the floor and
in some of them it is not clear whether they were specially built hearths
or only occasional fires. Generally speaking, research into Iron Age
archaeological sites usually includes the study of objects and macro-
remains, as well as a systematic sampling of sediments for other bio-
archaeological studies, whilst geochemical or micromorphological
analyses are less frequent.

Using a multidisciplinary approach within the framework of the
TRANSCOMB Project we aim to characterise the combustion features of
the area and period, in order to gather information about aspects such as
construction materials and techniques, fuel management and the ac-
tivities related to these structures (culinary or others). We focus on the
relationship between different morphologies and locations and diverse
uses of combustion installations, in terms of their functionality (do-
mestic vs artisanal uses), duration (sporadic fires vs long-term struc-
tures) and formation processes. All this will contribute to a more in-
depth knowledge of the exploitation of natural resources, the organi-
sation of daily activities, the use of space and the household organisation
of Iron Age societies.

The methodology integrates thin section micromorphology,
geochemical analyses, archaeobotany (anthracology, phytoliths and
calcitic microfossils), and organic residue analysis. To date, we have
sampled a total of 35 combustion structures from 16 archaeological sites
in the south of France, Catalonia, the northern Valencian region and the
Balearic Islands. Most of them are still under study.

Together with these analyses, an experimental archaeology pro-
gramme has been set up. This consists of building replicas of combustion
installations, lighting them with different fuels while recording times
and temperatures, and collecting samples from the combustion surfaces
that are also being analysed for comparative purposes (Belarte et al.,
2022).

This methodology, either in whole or in part, has been applied to
other contexts and periods and by different researchers (e.g. Gur-Arieh
et al., 2012; March et al., 2012; Gur-Arieh et al., 2014; Aldeias et al.,
2016; Mallol et al., 2017; Shahack-Gross, 2018, among others). How-
ever, such interdisciplinary analyses for the Western Mediterranean Iron
Age are still scarce.

As for the specific objectives of this paper, we aim to present the first
results obtained from the interdisciplinary analyses applied to a selec-
tion of combustion installations. More precisely, these results come from
a combined interpretation of anthracological studies, phytoliths, calcitic
microfossils, micromorphology and FTIR analyses.
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2. Materials and methods
2.1. Description of the structures

We have chosen to present the results from four combustion struc-
tures located at two different sites (two at each) (Fig. 1 and Table 1).
Several such installations have been excavated at each of the settle-
ments; they functioned in pairs in the same space and had different or
complementary uses. Although this is not the general rule, it can also be
found at other protohistoric sites.

Although these sites are still being excavated and studied; the per-
sons in charge of fieldwork kindly allowed us to analyse the combustion
structures. However, the results of some of the contextual research are
not yet available.

Two of the combustion structures (EC04 and LL25) are from Tossal
de la Vila (TV) (La Serra d’en Galceran, Castell) in the Valencian region
(Fig. 1). The site is on a hilltop 954 m above sea level. The fire structures
described here correspond to the first occupation period of the site,
during the Late Bronze Age-Early Iron Age (8th-7th centuries BC), after
which the settlement was destroyed by fire (Aguilella et al., 2016). We
have selected one of the excavation areas, where four contiguous spaces
separated by party walls have been unearthed, each of them containing
two combustion structures (most likely a hearth and an oven). We are
presenting the results obtained from LL25 (hearth) and EC04 (oven) (see
Table 1, Figs. 2 and 3a) in Sector 47, the southernmost room of this
excavation area. Other fire installations on the site have been previously
studied by one of us (Saorin, 2018).

The other two fire structures (LL7080 and LL7078) (Fig. 3b-c) are
from Masies de Sant Miquel (MSM) (Banyeres del Penedes) on the
central coastline of Catalonia, 40 km north of Tarragona, on a gentle
elevation 143 m above sea level and 25 m above the surrounding plains.
This is a major urban site with a surface area estimated at 3.5-4 ha and a
continuous occupation from the 6th to the 3rd centuries BC. The site was
discovered in the 1980s but was not subjected to a systematic excavation
programme until the 2020s (Noguera et al., 2020, 40; Sala et al., 2020,

/ / A / i X

X g \
Masies de Sant Mique‘ll/ﬁ
— L S//_> arcelona

A\

.

i NS

i (J / Tarragona
oW o
T}ssal de la Vila a n
e
(L 40 i
+/ Castello 1@ v 4:%
med ﬁgﬁ
wy
“a,s b
Jl ? : o\"c‘s : %
L g 3
& P
Lo b
0 200 km & migf o~
Fond de carte H. Bohbot (CNRS-ASM)

Fig. 1. Map of the study area with the location of the two archaeological sites
mentioned in the text, as well as the main present-day towns.
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Table 1
Summary of the main characteristics of the analysed combustion structures.
Site and code Combustion Type of Length and Shape Building material Stratigraphic unit Location
acronym structure structure width (cm) and technique
Tossal de la Vila EC04 Oven 100 x 30-60 Elongated, Mud and slabs 47105 (earth with gravel) Attached to a
(8th-7th irregular wall
century BCE) LL25 Hearth 72 x 68 Oval Mud, with border 41709 (earth with gravel) Next to EC04
(V)
Masies de Sant LL7080 Hearth 60 x 40 Irregular Mud. Built inside a 7080 (earth with charcoal and Central
Miquel shallow pit ashes), 7083 (earth, reddened)
(late 3rd LL7078 Hearth 70 x 40 Quadrangular- Mud. Built inside a 7078 (compact earth with ashes) Next to a
century BCE) irregular shallow pit wall
(MSM)

UOO

SECTOR 12

SECTOR 7

b

Fig. 2. a) General plan of Tossal de la Vila (TV) archaeological site; b) Plan of the excavated area with the location of Sector 47 and the fire structures (in orange)

(after Falomir et al. 2021, modified).

184). Combustion structures were located inside House CAOQ1 from the
last occupation phase. The building has an elongated, rectangular floor
plan with an earthen floor and two functioning fire structures (Morer
et al., in press) (Table 1 and Fig. 4).

2.2. Methodology and techniques

In order to study the combustion structures, we have developed
systematic sampling methods to conduct integrated micro-contextual
studies at high-resolution. Each of these four structures has been
sampled for phytolith analysis and FTIR (Figs. 3 and 5). Sediment
samples were also extracted for anthracological study, and individual
blocks for micromorphology of thin sections (Fig. 6). The analytical
methodology is explained in Sections 2.2.1 to 2.2.4.

2.2.1. Anthracology

The study of charred wood remains makes it possible to identify the
plant species used in the ovens and hearths (Chabal, 1992). A variable
amount of litres of sediment was collected from each hearth (2 1 for MSM
LL7080, 5 1 for MSM LL7078; 6 1 for TV EC04 and 8 1 for TV LL25). The
sediment was floated using 4, 2, 1 and 0.25 mm sieves (Kabukcu and
Chabal, 2021; Chabal, 1997). The anthracological analysis was per-
formed at the Bioarchaeology and Palaeoenvironment Laboratory at the
Catalan Institute of Classical Archaeology (ICAC) in Tarragona. The
collected remains were observed under reflected light microscopy, both

bright- and dark-field (Olympus BX51), using magnifications of x50,
x100 and x200. Charcoal identification was based on anatomical fea-
tures described in wood anatomy atlases (Schweingruber, 1990) and
websites (e.g. Wood Anatomy, InsideWood Database and Xylem
Database).

2.2.2. Phytoliths and calcitic microremains

The integrated study of phytoliths and calcitic microfossils may
allow the distinction between wood and dung fuel remains, or mixtures
of both (see Table 1 in Portillo and Garcia-Suarez, 2021). A total of
twenty-eight sediment samples was selected from Tossal de la Vila
(EC04 and LL25, coded as TV samples) and Masies de Sant Miquel
(LL7078 and LL7080, MSM) (Table 3). Six control sediment samples
from their vicinities were analysed for comparative purposes. Phytolith
analyses followed the methods of Katz et al. (2010). A weighed aliquot
of ca. 40 mg of dried sediment was treated with 50 pl of a volume so-
lution of 6 N HCl and 450 pl 2.4 g/ml sodium polytungstate solution
[Na6(H2W12040)]. Microscope slides were mounted with 50 pl of
sample. Morphological identification was based on modern plant
reference collections and standard literature (Twiss et al., 1969; Twiss,
1992; Brown, 1984; Rosen, 1992; Mulholland and Rapp, 1992; Piperno,
2006; Portillo et al., 2014; Albert et al., 2016). Wherever possible, the
terms used to describe phytolith morphologies follow the standards of
the International Code for Phytolith Nomenclature 2.0 (Neumann et al.,
2019).
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Fig. 3. View of the four analysed combustion structures, with the location of
the samples taken for phytolith and FTIR analyses: a) Hearth LL25 and Oven
ECO04 at the TV archaeological site; b) Hearth LL7078 at MSM; c) Hearth
LL7080 at MSM.

The methods used for calcitic microfossil analyses (dung spherulites
and wood ash pseudomorphs) were similar to those proposed by Canti
(1999). Approximately 1 mg of dried sediment was mounted on a mi-
croscope slide with Entellan New (Merck). Both phytoliths and calcitic
microfossils were examined at x 200 and x 400 magnifications using a
Leica DMEP optical microscope at the Institucié Mila i Fontanals of the
Spanish National Research Council (IMF-CSIC) in Barcelona. Samples
were also compared with modern reference ethnoarchaeological records
from Mediterranean areas that have followed a similar methodology
(Tsartsidou et al., 2008; Portillo and Matthews, 2020; Portillo et al.,

A
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2012, 2014, 2017, 2020a, 2021; Portillo and Garcia-Suarez, 2021).

2.2.3. Micromorphology

The study of soil and sediment thin sections (on a micro-scale) pro-
vides information on their in-situ composition, formation processes and
possible use (Mateu et al., 2019). In this research, we took one undis-
turbed and oriented sample from each combustion structure (Fig. 6). The
thin sections were prepared in the University of Barcelona Institute of
Geology laboratory following standard protocols. The samples were
consolidated with polyester resin by total impregnation through capil-
larity, then sliced into 30 um-thick sections and placed on slides (Loaiza
and Poch, 2015: 19-20; Verrecchia and Trombino, 2021). The thin
sections were studied at the Catalan Institute of Classical Archaeology
Archaeometric Studies Unit (UEA - ICAC) under a petrographic optical
microscope (x20 to x 200 magnifications), in Plane Polarised Light
(PPL), between Crossed Polarisers (XPL) or Oblique Incident Light (OIL).
The descriptions and interpretations are based on criteria from Bullock
et al. (1985), Courty et al. (1989) and Stoops (2003), and the features
used to infer the technological characteristics proposed by Friesem et al.
(2017), Cammas (2018) and Mateu and Daneels (2020).

2.2.4. FTIR (Fourier Transform Infrared Spectroscopy)

As a spectroscopic technique, it obtains information on the molecular
structures of crystalline and amorphous materials, as well as organic
materials. It is based on the absorption of energy caused by the inter-
action between electromagnetic radiation and the material to be ana-
lysed; in this case, the interaction of the infrared with the analysed
sediment. Eleven sediment samples from Tossal de la Vila (EC04 and
LL25, coded as TV samples) were collected, ten of them from the com-
bustion surfaces of both structures and one from the edge of Hearth
LL25. At Masies de Sant Miquel (LL7078 and LL7080, MSM), 18 samples
were collected, seven of them from the hearth combustion surfaces, four
from the layer above them, four from the floor and, finally, three more
from the section of the block extracted for micromorphology analysis.
For each sample, a few milligrams of sediment were homogenised and
powdered with an agate mortar, mixed with a few milligrams of KBr and
pressed into a 7 mm pellet using a manual hydraulic press (Specac).
Infrared spectra were obtained at a resolution of 4 cm 1 by 32 scan with
an iS5 from Thermo Fisher Scientific. Spectra were collected at 32 scans
at a resolution of 4 cm ™. The software used for the interpretation of the
spectra was OMNIC and the mineral database used is available at the
Kimmel Centre for Archaeological Science (Weizmann Institute of
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Fig. 4. a) General plan of Masies de Sant Miquel (MSM) archaeological site; b) Plan of the excavated area with the location of House CAO1 and the combustion

structures (in orange) (after Morer et al., in press modified).
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Fig. 5. a) Collecting samples for phytolith and FTIR analyses; b) Collecting a block of sediment for micromorphology.

Science, Israel). The origin of the calcite was determined according to
Chu et al. (2008) and Regev et al. (2010) and the thermal alteration of
the clays was identified following Berna et al. (2007). When clay is
exposed to elevated temperatures, it is altered and becomes more
disordered. The infrared spectra of clays exposed to high temperatures
change depending on the type of clay, the temperature, and the length of
exposure. Identification of clays by FTIR is only possible if the clay
sample being analysed contains a single clay mineral. Unfortunately,
several different clay minerals are often mixed together; when this is the
case, it is very difficult to identify the type of clay in the sample (Weiner,
2010).

3. Results and discussion
3.1. Anthracology

Altogether in MSM and TV, the sediment samples from the com-
bustion surfaces and preparation layers of hearths and ovens provided a
total of 136 wood charcoal remains. Most of them cannot be determined
taxonomically due to their poor state of conservation. Indeed, the
charcoal remains consist of small, often vitrified fragments. Vitrification
is a common phenomenon affecting charcoal remains and consists of the
fusion and homogenisation of cell walls, although the causes of such
processes are still unclear and a matter of debate in anthracology
(Courty et al., 2020; Marguerie and Hunot, 2007; McParland et al.,
2010; Théry-Parisot and Henry, 2012). At MSM indeterminate remains
amounted to 43.7%, while at TV they were 83%. Despite this, some
fragments were sufficiently well preserved to allow taxonomic identifi-
cation. At MSM a total of 6 taxa were identified (Table 2 and Figs. 6 and
7). The most abundant species is represented by Pinus sylvestris/nigra (n
= 10) followed by Quercus evergreen (n = 5), Ficus carica (n = 4),
Phillyrea/Rhamnus (n = 2), Juniperus sp. (n = 2) and Arbutus unedo (n =
1). At TV the variety of plant species present is slightly lower, as only 4
taxa have been discovered (Table 2 and Figs. 6 and 7). Fragments
belonging to the Quercus family are the most frequent (n = 9) followed
by Rosaceae Prunoideae and R. Maloideae (n = 1 each). Finally, Acer sp.
was also identified (n = 1).

The charcoal fragments identified at both MSM and TV come from a
“concentrated” archaeological context (Chabal 1992; Di Pasquale, 2011)
and it is therefore difficult to discuss their paleoenvironmental signifi-
cance in depth. It is also difficult to deduce whether there was a “se-
lection” of specific species, given the scarcity of charcoal assemblages
and the lack of wider environmental archaeology studies (on-site and
extra-site analyses). However, it can be noted that pine and oak were the
most commonly used species, which fits in with other research con-
ducted in both the Valencian and Catalan regions for the same chrono-
logical periods (Belarte et al., 2021: 238; Vila Moreiras, 2018; Vila

Table 2

Anthracological results. Relative frequencies of charcoal remains identified at
Tossal de la Vila (TV) and Masies de Sant Miquel (MSM). Results are shown per
archaeological structure and stratigraphic unit.

Anthracological Results

Site MASIES DE SANT MIQUEL TOSSAL DE LA VILA
Structure LL7080 LL7078  Total EC04 LL25 Total
Stratigraphic 7078 7083 remains 47105 47109  remains
Unit
Taxa N. abs. N. abs. N. abs. N. N. N. abs.
abs. abs.
Acer sp. 0 0 0 0 1 1
Angiosperm 0 1 1 1 1 2
Arbutus unedo 0 1 1 0 0 0
Gymnosperm 0 1 1 0 0 0
Ficus carica 1 3 4 0 0 0
Juniperus sp. 1 1 2 0 0 0
Pinus sp. 0 2 2 0 0 0
Pinus type 3 7 10 0 0 0
sylvestris/
nigra
Quercus sp. 0 0 0 3 2 5
Quercus sp. 4 1 5 0 4 4
evergreen
cf. Quercus 0 0 0 0 1 1
Phillyrea/ 1 1 2 0
Rhamnus
cf. Rosaceae/ 0 0 0 0 1 1
Prunoideae
cf. Rosaceae/ 0 0 0 0 1 1
Maloideae
Indeterminable 13 8 21 15 58 73
Total analysed 23 25 48 19 69 88
remains
Total identified 10 18 28 4 11 15

remains

Moreiras and Piqué, 2012; Piqué et al., 2011; Bux6 and Piqué, 2008).
Those trees are characteristic of Mediterranean vegetation with some
specific variations typical of the respective altitudinal zones. They may
therefore have been more easily available. In addition, both pine and
oak are considered to be superior quality wood and were commonly
used both as a building material and as a fuel (i.e. high calorific value).
The presence of the other identified species is not surprising as they
could be characteristic of the undergrowth of pine and oak woods and
therefore easily available in enormous quantities.

3.2. Phytoliths and calcitic microfossils

Phytoliths were noted in all samples in different amounts (Fig. 8).
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Acer sp.
n=1

cf. Rosaceae
Maloideae

of. Rosacdbet
Prunoideae
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cf. Quercus
n=1

Fig. 6. Graphic representation of the main species present at TV. Total ana-
lysed remains: n = 88. Total identified remains: n = 15.

Arbutus unedo

Phillyrea/Rhamnus et

n=2

Fig. 7. Graphic representation of the main species present at MSM. Total
analysed remains: n = 48. Total identified remains: n = 28.

Phytolith numbers in the TV samples ranged from 22.000 to 260.000 per
1 g of sediment (Table 3), whereas most of the MSM samples yielded
higher concentrations (up to 520.000 phytoliths/g sediment, LL7078,

Journal of Archaeological Science: Reports 47 (2023) 103803

Sample No. 6).

The phytoliths weathering index (ca. 4-22% TV samples, ca.
0.7-33% MSM samples, (Table 3), widely used as an indicator of the
state of preservation of phytolith assemblages, refers to unidentifiable
phytoliths presenting pitted surfaces and irregular shapes that may
derive from depositional and post-depositional weathering and alter-
ation by dissolution for example (Portillo et al., 2020a), and particularly
in this case to bioturbation, as indicated by thin section micromor-
phology (see Section 3.3). In addition to weathering, certain phytoliths
from these assemblages were partially affected by melting due to
increased heating temperatures, although these were recognisable and
morphologically identified. Phytoliths were identified in low concen-
trations in these samples and thus results should be taken with
precaution.

The morphological results show that monocotyledonous phytoliths,
mainly grasses, dominated in most of the assemblages, with an average
of around 60-84% in TV and MSM samples, respectively (Table 3). Grass
phytoliths mainly belonged to the Pooideae subfamily, which is common
in well-watered environments and is particularly resistant to both
dissolution and increased temperatures (Cabanes et al., 2011; Portillo
et al., 2020a) (Fig. 8a). Phytoliths from the leaves and culms of grasses,
including flabellate bulliforms, acute bulbosus (prickles or trichomes)
and elongate polylobates, were also common in the assemblages
(Fig. 8b). Inflorescences were characterised mainly by elongate den-
dritic and dentate phytoliths, in addition to epidermal cells such as
papillate, although the latter only in lower amounts in MSM assemblages,
as they are particularly vulnerable to taphonomic processes (Cabanes
et al., 2011; Portillo et al., 2020a). Multicellular or interconnected
phytoliths, from both the floral parts of grasses and the leaves and stems
of those plants, were also noted in most of the TV samples in different
proportions, but were almost completely absent in MSM assemblages
(Table 3, Fig. 8c). Of particular note is the presence of diagnostic
spheroid echinate phytoliths produced by the leaves of the Arecaceae
family (palms), such as dwarf palm (Chamaerops humilis) (Fig. 8d).
Arecaceae leaf phytoliths were only observed in MSM samples (Table 3).
Lastly, phytoliths from woody/herbaceous dicotyledonous plants
included diagnostic morphotypes from their leaves, such as hairs and
their epidermal bases. To a lesser extent platelets and spheroids were

Fig. 8. Photomicrographs of phytoliths and calcitic microfossils from Tossal de la Vila (TV) and Masies de Sant Miquel (MSM) (x200 or x 400). a) Short cell rondel
from Pooideae grasses (Sample TV-LL25-8); b) Epidermal appendage acute bulbosous (sample TV-EC4-5); ¢) multicellular elongate phytoliths (Sample TV-LL25-8); d)
spheroid echinate (MSM-LL7078-2); e) calcitic wood ash pseudomorph resembling Quercus sp. (MSM-LL7080-4); f) calcitic wood ash pseudomorphs comparing

favourably to Pinus sp. (MSM-LL7080-2).
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Table 3
Description of samples and main phytolith and ash pseudomorph results obtained from Tossal de la Vila (TV) and Masies de Sant Miquel (MSM) samples.
Site/ SU Sample  N. phytoliths g N. phytoliths Multi-celled Phytoliths Grasses Palms Dicotyledonous Dicotyledonous wood/ N. ash pseudomorphs g/
structure num. /sediment counted phytoliths weathering (%) (%) (%) leaves (%) bark (%) sediment
(m) (%) (m)

TV EC04 47105 1 0.26 75 10.7 4 72.5 0 8.7 14.7 0.07
47105 2 0.15 40 5 7.5 76 0 3.9 12.6 0.02
47105 3 0.005 15 13.3 20 68 0 3.2 8.8 0.01
47105 4 0.16 41 2.4 17.1 58 0 8.1 16.8 0.01
47105 5 0.15 40 0 12.5 68 0 8.2 11.3 0.03
47107 6 0.15 43 0 7 78.1 0 7.1 7.8 0

TV LL25 47109 7 0.07 21 4.8 4.8 44.8 0 11.2 39.2 0.1
47109 8 0.09 27 7.4 11.1 59.3 0 2.2 27.4 0.05
47109 9 0.002 6 33.3 16.7 50 0 0 33.3 0.02
47109 10 0.003 9 22.2 22.2 31.3 0 1.3 45.3 0.06
47109 11 0.004 14 14.3 7.1 70 0 5.1 17.7 0.03
47109 12 0.006 20 10 10 44 0 8.6 37.4 0.03
47107 13 0.19 49 12.2 12.2 75.1 0 5.9 6.7 0.02

MSM 7078 1 0.24 66 0 4.5 91.8 0 2.2 1.4 0.14

LL7078

7078 2 0.15 44 0 2.3 90 4.5 1.9 1.3 0.25
7078 3 0.003 8 0 12.5 82.5 0 3 2 1.25
7078 4 0.004 12 0 8.3 78.3 8.3 3 2 0.71
7078 5 0.07 20 0 15 82 0 1.8 1.2 0.21
7048 6 0.52 145 0.7 0.7 95 0 2.6 1.7 0.04
7048 7 0.28 82 0 2.4 91.7 1.2 2.8 1.8 0.07

MSM 7080 1 0.49 145 0 3.5 91.3 0 2.3 2.9 0.05

LL7080

7080 2 0.21 64 0 1.6 90.3 0 6.1 2 0.04
7080 3 0.46 140 0 2.9 93.3 0 2.3 1.5 0.06
7080 4 0.43 140 0 0.8 91.6 0 4 3.7 0.05
7083 5 0.01 131 0 50 40 0 6 4 0.05
7083 6 0.001 2 0 33 53.3 0 8 5.3 0
7048 7 0.35 102 0 5.9 88.6 0.9 2.7 1.8 0.03
7048 8 0.61 85 0 3.2 90.8 2.7 1.6 1.6 0.04
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also common in most of the samples, with an average of around 27% in
the TV samples (n = 10, Table 3). This is also noteworthy, given that
dicotyledons are minor phytolith producers.

Furthermore, the calcitic microfossil records are dominated by wood
ash pseudomorphs, particularly in the MSM assemblages (up to
250.0000 ash pseudomorphs/g sediment, LL7078, Sample No. 2,
Table 3). In contrast, calcitic spherulites derived from dung were
completely absent in all the samples. Calcitic ash pseudomorph con-
centrations in the TV assemblages ranged from 22.000 to 260.000 per
gram of sediment (Table 3), whereas most of the MSM samples yielded
higher concentrations (up to 520.0000 phytoliths/g sediment, LL7078,
Sample No. 6). Most of these calcitic microfossils display characteristic
regular-shaped rhomboid morphologies directly comparable to Quercus
sp. and Pinus sp. (see Fig. 8a in Portillo et al., 2017; and Fig. 5 in Portillo
et al., 2020c), although the latter only in MSM samples (Fig. 8e-f). This is
consistent in turn with the wood charcoal macro-botanical assemblages
dominated by both oak and pine in the MSM records (see Sub-section
3.1).

3.3. Thin section micromorphology

In the thin sections from the sample blocks it was possible to identify
the different layers of combustion structures. Common characteristics to
all of them include the fact that combustion surfaces can be clearly
identified and that they are clean (with no anthropic debris or ashes). In
three of them the combustion surface is differentiated from the layer just
below, but in MSM LL7078 the difference is not so clear; it looks like the
same material but has been hardened and reddened by fire. The most
important aspects that can be used for discussion are presented below
(for a more detailed description of each structure, see Table 4).

In the TV structures we observe two distinct layers: the combustion
surface and the layer underneath it (Fig. 9). In both cases, combustion
surfaces have a massive microstructure with low porosity. Nearly the
entire groundmass is sorted; it is composed of fine and medium dolomite
and calcite sands (Fig. 9 A2 and B3). Due to use and post-depositional
processes, these layers (FS) were fractured and we can observe aggre-
gates with plate shapes, as have also been observed macroscopically
(Fig. 9 B2). The fine fraction has reddening zones and heterogeneous
colours. On the top of the LL25 combustion surface, we observe black
particles that are dolomite crystals in a dedolomitisation process (Dor-
ronsoro, 2015; Mateu, 2016) and cemented b-fabric (Fig. 9 A2), both as
a result of the direct impact of fire or temperature (Mallol et al., 2017).
Both layers under the combustion surfaces are highly bioturbated with
fresh organic matter (roots) and earthworm biospheroids. They present
a silty-sandy dark groundmass of granular microstructure (Fig. 9 A3).
There are small fragments of charcoal, some of pottery, and some small
fragments of thermo-altered bone (Villagran et al., 2017) (Fig. 9B4). In
these layers we find some microfossils and some dolomite sand,
although the sediment is unsorted and heterogeneous; clearly different
from that of the combustion surfaces (sorted and massive). This dem-
onstrates intentionality in the mixing and application of the earth layer
composing the combustion surfaces and the dumping of the material
into the layer below it (Mateu et al., 2022; Daneels et al., 2022). The fuel
used is not detected in these structures.

In MSM structures we identify two layers in LL7080 (Fig. 10 A1) and
three layers in LL7078 (Fig. 10 B1). The two bottom layers display
similar characteristics: heterogeneous and bioturbated groundmass
(Fig. 8 A3), with some small charcoal and bone fragments. These layers
probably correspond to the earthen floor of the house. In LL7080 there is
a sharp boundary between the two layers. On the top, the combustion
surface is a massive layer, rubified, with a reddish colour (Ropke and
Dietl, 2017). It has a sorted and homogeneous groundmass (medium and
fine sands) and a massive microstructure (Fig. 10 A2). It only has a few
voids: moldic voids from the vegetal temper used in the mix (Matthews,
2010), small vesicular voids (formed by small air bubbles trapped in the
matrix) and plane parallel and perpendicular voids in the upper part
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(due to the use of the structure) (Cammas, 2018; Mateu et al., 2022). In
contrast, in LL7078 we distinguish a massive layer with a gradual
boundary with the bottom layer. The massive layer is interpreted as the
combustion surface (Fig. 10 B3); it is also rubefied and massive, but has
similar components to the bottom layer. The last is heterogeneous
(Fig. 10 B4), with some small bone and pottery fragments, and some
moldic voids with phytoliths (Fig. 10 B6). We have also observed a third,
upper layer. It is sandy (medium calcite and quartz sands) and has ag-
gregates of ash and small charcoal fragments (Fig. 10 B2) (Matthews,
2010; Mentzer, 2014). Most of these aggregates are in bands near the
combustion surface (Fig. 10 B5). This would correspond to the remains
of fuel used.

3.4. FTIR

The samples analysed from the two TV site structures (Fig. 11)
consist mainly of calcite, clay and dolomite in smaller quantities
(Table 5 and SM)'. In EC04 (oven) all samples, except Sample No. 5,
show a high degree of thermal alteration and the presence of ash has
been determined. In all the samples of this structure, calcite pre-
dominates over clays and dolomite, which appear in lower concentra-
tions. The composition of LL25 (hearth) consists of calcite, clay and
dolomite in smaller quantities. In all samples, except in Sample No. 6
(edge), calcite is abundant and exceeds clays. Samples 2, 5 and 6 show
very little thermal alteration, while Sample 4 presents major thermal
alteration, and stands out for the small amount of clays.

All the samples have calcite of geogenic origin (Chu et al., 2008;
Regev et al., 2010), which means that the pyrotechnic process did not
reach very high temperatures and therefore the calcite was not
transformed.

These results are consistent with other combustion installations
studied from the same site (Saorin, 2018) where the composition of the
structures is calcite and clay and also a notable presence of dolomite. In
this previous study, a reference sample was collected from the access
road to the site, and we were able to verify that it had the same
composition as the samples from the combustion structures, although
the spectral peaks show no thermal disturbance in the minerals.

As for MSM (Fig. 3b-c), the composition of the analysed samples of
the two structures (LL7078 and LL7080) is mainly calcite, clay, quartz
and, in some cases, a small content of dolomite (Table 3). The presence
of peak 472 or 474 in all samples and peak 1052 in Sample 6 of hearth
LL7078 also suggests the presence of iron oxides (Balu et al., 2018). In
hearth LL7078, Samples 1, 3 and 5 have a higher presence of clay than in
the other samples, in which calcite is abundant, followed by clays,
quartz, dolomite and iron oxides. Samples 6 and 7 both correspond to
the floor next to the fire structure; however, there is a difference in
Sample 6 compared to the samples of the combustion surface. Sample 7,
in contrast, has the same composition and thermal alteration as the
samples collected within the hearth. This is not surprising, since it is
very close to the combustion structure and could have been altered as a
result of the daily tasks involving fire. In hearth LL7080, Samples 1, 2
and 3 contain more calcite, although clays predominate, followed by
quartz, dolomite and iron oxides. In Sample 5, clays are more abundant
than calcite. In Sample 6, however, calcite is much more abundant than
other materials. Sample 2 is the most altered by fire, although all sam-
ples from this hearth are thermally altered. In Sample 7, corresponding
to the floor, peaks are almost identical to Sample 2, with a high presence
of clay. Finally, the second sample corresponding to the floor (No. 8)
shows characteristics similar to Sample 3, with an even greater degree of
thermal alteration.

In the case of MSM, all the samples are also of geogenic origin, except

! The following Supplementary Materials are available online at CORA.
Repositori de Dades de Recerca: https://doi.org/10.34810/data507: Graphs
SM1 to 29 (FITR Spectra).
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Table 4

Micromorphological description of all samples.
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Site and Sample code

Microstructure and
porosity

Coarse and fine fraction

Other Components

Pedofeatures

TV

MSM

LL 25

EC04

LL7078

LL7080

Combustion
surface
US47109B

Layer under
combustion
surface

Combustion
surface
US47105

Layer under
combustion
surface

Upper layer

Combustion
surface US7078

Floor US7048

Combustion
surface US7083

Floor US7048

Microstructure:
massive

Porosity: 15%, planes
and chambers/vughs

Microstructure:
granular

Porosity: 30%, planes,
chambers, vughs

Microstructure:
massive

Porosity: 15%, planes,
vughs

Microstructure:
granular

Porosity: 30%, planes,
chambers and vughs

Microstructure:
complex (massive and
granular)

Porosity: 20%,
chambers and planes

Microstructure:
massive

Porosity: 15%, planes
and some chambers
(bioturbation)

Microstructure:
spongy-granular to
massive

Porosity: 25%
(irregular), planes,
chambers
(bioturbation)
Microstructure:
massive

Porosity: 10%, planes,
some chamber
(bioturbation),
some moldic voids,
some vesicles
Microstructure:
spongy-granular to
massive

Porosity: 20% (more
irregular), planes,
chambers
(bioturbation)

All fine fraction: medium and fine sands
(calcite, dolomite, quartz) (more than 50%),
with microfossils. Silty-clay brown, red and
brownish grey (heterogeneous) and dotted
micromass (PPL), low interference colours
(XPL), crystallitic b-fabric

(on the top cemented)

c/f distribution porphyric

30% coarse fraction: coarse sands and gravels.
Fine fraction: medium and fine sands,

silty, dark brown and dotted micromass (PPL),
low interference colours (XPL),
undifferentiated b-fabric

All fine fraction: medium and fine sands
(calcite, dolomite, quartz) (more than 40%),
with microfossils. Silty-clay brownish grey and
red (heterogeneous), dotted micromass (PPL),
low interference colours (XPL),

crystallitic b-fabric

c/f distribution porphyric

30% coarse fraction: coarse sands and gravels.
Fine fraction: medium and fine sands, silty,
dark brown and dotted micromass (PPL), low
interference colours (XPL),

undifferentiated b-fabric

40% coarse fraction: coarse and medium sands
(subangular) (quartz, plagioclase and
ferromagnesian minerals). Brown and greyish,
dotted micromass (PPL), low interference
colours (XPL),

crystallitic b-fabric

c/f distribution porphyric

30% coarse fraction: some gravel, coarse,
medium and fine sands. Silty reddish brown
and dotted micromass (PPL), low interference
colours (XPL),

undifferentiated b-fabric

c/f distribution porphyric

25% coarse fraction: coarse-medium sands,
heterogeneous. Silty brownish grey and dotted
micromass (PPL),

low interference colours (XPL),
undifferentiated b-fabric

c/f distribution porphyric

30% coarse fraction: some gravel, coarse,
medium and fine sands. Silty red and cloudy
micromass (PPL), low interference colours
(XPL),

undifferentiated b-fabric

c/f distribution porphyric

25% coarse fraction: coarse-medium sands and
gravels (heterogeneous).

Silty brownish grey and dotted micromass
(PPL), low interference colours (XPL),
undifferentiated b-fabric

c/f distribution porphyric

No

Charcoal, bone fragments
Pottery fragments
Pollen grains

No

Charcoal, bone fragments

Pottery fragments
Pollen grains

Ash and some little bone
fragments (bottom)

Ash, bone fragments,

charcoal fragments (in voids).

Some charred plant
fragments. Some pottery
fragments

Charcoal fragments, small
bone fragments,
phytoliths

Phytoliths, charred plant
fragments. Some flint
fragments (silex),

some pottery fragments

Some charcoal, some small
bone fragments.
Pottery

Clayey silt intercalations,
residual aggregates
(dolomites and
microfossils),

CaCOj coatings of voids
(NFC), black Ox (hydr)
Fe/Mn nodules,
bioturbation: roots and
vegetal matter,
postdepositional infillings
in pores

CaCOj coatings of voids
(NFQ), black Ox (hydr)
Fe/Mn nodules,
bioturbation: roots and
vegetal matter,
postdepositional infillings
in pores,

earthworm biospheroids
Clayey silt intercalations,
residual aggregates
(dolomites and
microfossils),

CaCOj coatings of voids
(NFQ), black Ox (hydr)
Fe/Mn nodules,
bioturbation: roots and
vegetal matter,
postdepositional infillings
in pores

CaCOj coatings of voids
(NFQ), black Ox (hydr)
Fe/Mn nodules,
bioturbation: roots and
vegetal matter,
postdepositional infillings
in pores,

earthworm biospheroids
Aggregates, black Ox
(hydr)

Fe/Mn nodules,
bioturbation

(roots, seeds, etc.)

Black Ox (hydr) Fe/Mn
nodules,
bioturbation

Bioturbation, black Ox
(hydr)

Fe/Mn nodules,
earthworm biospheroids

CaCO3 coatings of voids,
black Ox (hydr)

Fe/Mn nodules,
bioturbation (slight):
postdepositional infillings
in pores

Black Ox (hydr) Fe/Mn
nodules,

CaCO03 void coatings,
bioturbation: roots,
earthworm biospheroids
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Fig. 9. Photomicrographs of TV combustion structures. A) LL25. A1, thin section; A2, combustion surface: massive microstructure with cemented b-fabric (red
arrow) (a: PPL - Plain Polarized Light; b: XPL- Crossed Polarized Light), c: detail of microfossils (PPL), detail of dolomite sands (d: PPL and e: XPL); A3, layer
underneath combustion surface: granular microstructure (f: PPL and g: XPL). B) EC04. B1, thin sections; B2, boundary between the combustion surface (plate ag-
gregates) and the layer underneath it (a: PPL and b: XPL); B3: detail of combustion surface (massive microstructure and dolomite sands) (c: PPL and d: XPL); B4:
thermally altered bone fragment in layer underneath combustion surface (e: PPL and f: XPL).

10
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Fig. 10. Photomicrographs of MSM combustion structures. A) LL7080. A1, thin section; A2, combustion surface: plane voids on the top (a: PPL and b: XPL), c: detail,
massive microstructure with sorted groundmass (PPL); A3, layer below combustion surface (possible floor): spongy-granular to massive microstructure and het-
erogeneous (a: PPL and b: XPL), f: detail, unsorted groundmass (PPL). B) LL7078. B1, thin sections; B2, bottom layer: sandy groundmass (a: PPL and b: XPL); B3,
combustion surface: massive microstructure but unsorted (c: PPL and d: XPL); B4, layer underneath combustion surface (possible floor): same composition, but more
porous than the previous (e: PPL and f: XPL); B5, g: sandy bottom layer with ash bands (PPL) and h: red square detail of calcitic ash (PPL); B6, i: moldic void with

phytolith on layer below combustion surface (floor) (PPL).

for Sample 10, an ash layer of anthropogenic origin (Chu et al., 2008;
Regev et al., 2010). Calcite of vegetal origin is found exclusively in the
sample corresponding to an ash layer. Calcite pseudomorphs are the
main component of ash derived from the combustion of woody plants
when subjected to temperatures of between 400 °C and 500 °C (Alonso-
Eguiluz and Albert, 2021).

4. Discussion

The following discussion points arise from the results obtained.

4.1. Taphonomy, preservation and formation processes

A range of anthropogenic and natural depositional and post-
depositional processes, such as heating and weathering, along with
plant and animal bioturbation and atmospheric agents such as rain, can
make identification and interpretation of fire remains and particularly
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ashes in the study area even more challenging. Nevertheless, their
micro-contextual examination in micromorphological thin section may
allow the identification of the formation processes and contextual as-
sociations of individual components including phytoliths and calcitic
microremains at high-resolution (e.g. Gur-Arieh et al., 2014; Portillo
et al., 2019, 2020c). Several processes may have affected the preserva-
tion and integrity of both microfossil records in this study, including for
example: i) depositional and post-depositional dissolution resulting in
partial or complete weathering of certain phytolith morphologies (e.g.
epidermal appendage papillates), ii) heating resulting in the partial
melting of phytoliths and a decrease in the concentrations of calcitic
microfossils; and iii) mixing processes including bioturbation and
therefore also anthropogenic mixing activities, that may result in
weathering and alteration and a decrease or even the loss of both micro-
remains (e.g. Cabanes et al., 2011; Gur-Arieh et al., 2014; Portillo et al.,
2020b).

With regard to the formation process of the structures themselves,
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%

LL7078

7 LL7080

Fig. 11. Schematic plans of combustion structures from TV (a) and MSM (b) with the location of the samples (numbered) and the blocks for micromorphology
(marked with dashed lines). Samples 9 and 10 in MSM LL7080 have been subsampled from the section of the block extracted for micromorphology analysis.

micromorphology allows for a more refined identification of the com-
ponents and constructive typologies (see Table 1), as well as for a
distinction to be made between occasional fires and built hearths. In the
case of TV, where the structures are bordered by earth or stone edges,
the combustion surfaces are clearly differentiated from the filling layer
(which is highly bioturbated) at a micromorphological level. At MSM,
the two hearths have been built inside a shallow pit; they are made with
earth, with no border. However, differences in the construction tech-
nique of the two analysed structures can be detected at a micromor-
phological level: for LL7080, a built-up combustion surface can be
clearly differentiated from the layer below (with characteristic fissures);
the combustion surface is homogeneous, with some moldic voids (veg-
etal temper) (Mateu et al., 2022), which seem to be confirmed by the
study of phytoliths, in which more grasses are documented. In contrast,
in LL7078 there is no clear difference between the combustion surface
and the layer below, as was also observed at a macroscopic level.
Thermal alteration is observed but compositionally both layers are very
similar, and there are no moldic voids in the combustion surface.

4.2. Reconstruction of temperatures

From the FTIR analysis, it can be observed that all the TV samples
contain dolomite, although in small quantities, and that it is fused in the
calcite peaks. This means the combustion temperature of most of the
samples could have been around 500 °C. Sample 4 from LL25 presents a
high degree of thermal alteration, although this has mainly affected the
clays, caused their peaks to disappear and this making it impossible to
determine the type of clay. As already stated (Section 2.2.4), most of the
clays are very difficult to determine by FTIR (Weiner, 2010). In the case
of Sample 4 from LL25 discussed here, without determining the type of
clay we cannot deduce the temperature that could have been reached in
the hearth. The presence of Peak 1029 in Sample 2 from TV EC04 (oven)
could indicate the type of montmorillonite clay burned at less than
400 °C (Weiner, 2010).

In the anthracological study, alterations in the charcoal (vitrifica-
tion) have been observed (see Section 3.1.), which could be related to
high temperatures.

Furthermore, through the micromorphology analysis, and observing
the degree of thermal alteration of the materials, we can estimate the
temperature reached by the structures. As already stated, all the com-
bustion installations present a reddening of the sediment (Mentzer,
2014), but we do not find any high temperature features (either vitri-
fication or melting) (Ropke and Dietl, 2017). As already described in
Section 3.3, in the case of TV we observe the same composition in both
combustion surfaces, but in LL25 there is a “dissolution” of dolomites
and a cementation in the upper part that are not found in EC04. This

12

could indicate that LL25 reached a higher temperature. However, this
does not appear to be confirmed by FTIR. One possible explanation is the
specific location of the EC04 sample taken for the micromorphology
study: this is next to FTIR Sample 5 that, unlike the rest, shows little
thermal alteration, with no ash detected.

4.3. Fuel identification

The development of systematic sampling strategies integrating both
macro-botanical and microfossil records including phytoliths and
calcitic microremains, and their micro-contextual examinations at high-
resolution, has led to the identification of a substantial dataset of plant
remains, each influenced by different taphonomic processes as outlined
above. Although the available macro-botanical wood charcoal records
are still limited at both sites, the current study highlights the higher
frequency of pine and oak for fuel purposes, as recorded at many
contemporary sites in the study region and across the Western Medi-
terranean (Guérin, 2003; Buxo and Piqué, 2008, among others). This is
further supported in the current study by new calcitic microfossil evi-
dence from wood ash pseudomorphs, according to modern reference
records from Mediterranean areas (Portillo et al., 2017, 2020c).
Furthermore, the phytolith assemblages also indicate the presence of
monocotyledonous plants, dominated mainly by the leaves and stems of
grasses. Interestingly, phytoliths from palm leaves have been identified
in MSM assemblages, suggesting that this plant could also have been
used as fuel or thrown deliberately or accidentally onto the fire,
although the phytolith dataset is still limited at the site. Both the seeds
and leaves of palms are potential plant foods, although ethnographic
research in the Mediterranean region illustrates the extensive use of
these plants for basketry, matting and building materials (Pena-Cho-
carro et al., 2015, and references therein). Arecaceae leaf phytoliths and
macro-botanical remains from seeds of the dwarf palm (Chamaerops
humilis) have been recorded at several sites across the Western Medi-
terranean from the Early/Middle Holocene onwards, and even earlier
(Morales et al., 2013, 2016; Zapata et al., 2013; Carrion et al., 2018; Poti
et al., 2019).

5. Conclusions

The results presented have made it possible to establish sampling
protocols and a methodology for the study of Iron Age combustion
structures in the research area, which we hope will be generalised and
extended to other contemporary sites and nearby areas. So far, the re-
sults obtained correspond to a limited number of structures, but they are
promising and allow preliminary conclusions to be drawn. In any case,
the coordination between specialists and the comparison of results
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Table 5

FTIR results. Minerals are arranged according to their peak height from highest
to lowest. Abbreviations: Ca = Calcite; Cl = Clay; Qz = Quartz; Do = Dolomite;
Fe = Iron Oxide; (b) = thermally altered clay; (nb) = non-thermally altered clay.

TV
Combustion Structure SuU Sample FTIR Calcite Origin
EC04 47105 1 Ca, Cl (b), Do Geogenic
47105 2 Ca, Cl (b), Do Geogenic
47105 3 Ca, Cl (b), Do Geogenic
47105 4 Ca, Cl (b), Do Geogenic
47105 5 Ca, Cl (nb), Do Geogenic
LL25 47109 1 Ca, Cl (b), Do Geogenic
47109 2 Ca, Cl (b), Do Geogenic
47109 3 Ca, Cl (b), Do Geogenic
47109 4 Ca, Do, Cl (b) Geogenic
47109 5 Ca, Cl (b), Do Geogenic
47109 6 Cl, Ca, Do Geogenic
MSM
Combustion Su Sample FTIR Calcite Origin
Structure
LL7078 7078 1 Cl (b), Ca, Geogenic
Qz, Do, Fe
7078 2 Ca, Cl, Qz, Geogenic
Do, Fe
7078 3 Cl (b), Ca, Geogenic
Qz, Do, Fe
7078 4 Ca, Cl (b), Geogenic
Qz, Do, Fe
7078 5 Cl, Ca, Qz, Geogenic
Do Fe
7048 6 Ca, Cl (b), Geogenic
Fe, Qz, Do
7048 7 Ca, Cl (b), Geogenic
Qz, Do, Fe
Preparation 8 Ca, Cl (b), Geogenic
layer Qz, Fe
Layer, hearth 9 Ca, Cl (b), Geogenic
Qz, Do, Fe
Layer, Ash 10 Ca and Cl Anthropogenic
(b), Qz, Fe (Ash)
LL7080 7080 1 Ca, Cl (b), Geogenic
Qz, Do, Fe
7080 2 Ca, Cl (b), Geogenic
Qz, Do, Fe
7080 3 Ca, Cl, Qz, Geogenic
vDo, Fe
7080 4 Ca, Cl (b), Geogenic
Qz, Do, Fe
7083 5 Cl (+D), Ca, Geogenic
Qz+, Fe
7083 6 Cl (+b), Ca, Geogenic
Qz+, Do, Fe
7048 7 Ca, Cl (b) Geogenic
7048 8 Ca, Cl (b), Geogenic
Qz, Do

obtained from the different techniques have provided a complementary
view of the aspects studied (construction processes, fuels, temperatures).
The comparison between the macroscopic observations made during
the excavation of the structures and the micromorphological analysis
results allows us to obtain detailed information on the construction
technique and materials used. They also bring us closer to being able to
distinguish between occasional fires lit on the floor and purpose-built
structures with a combustion surface clearly different from the floor
level. In turn, FTIR analysis complements the information on the min-
erals selected in these construction processes. FTIR analysis, together
with micromorphology and phytoliths, provides us with complete in-
formation on the composition of the materials used to build the com-
bustion structures, the natural deposition of sediment, thermal
alteration and the presence of ash (Rodriguez and Cabanes, 2015). This
allows us to raise hypotheses on the length of use of the combustion
installations and the spaces in which they were located.
Archaeological excavations in the study area and period usually
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include anthracological analyses, although the microfossil analyses un-
dertaken so far have not been systematic. As we have seen, these allow
us to determine the use of plants that cannot be identified by
anthracology.

As outlined above, taphonomic pathways must be considered when
identifying and interpreting fuel compositions. The macro-botanical and
microfossil records point to fuel sources, including pine and oak, and
mixed grasses and other monocotyledons, including mainly Pooideae
grasses, in addition to palm leaves, possibly derived from matting,
basketry and/or building materials, although these may also have been
introduced attached to woody fuel materials.

The different analyses also provide information on the operating
temperatures obtained in the combustion installations studied. The FTIR
analyses suggest temperatures that could be close to 500 °C. This tem-
perature could also be corroborated by micromorphology: reddening,
ash and charcoal, and the absence of other features that indicate a higher
temperature. Future research should focus on the differentiation be-
tween the micromorphological features of a sustained fire and a high
intensity fire. This is one of the aspects on which we have focused in our
project, with the aim of verifying whether there is an association be-
tween factors such as morphology (open structure -hearth- / closed
-oven-), construction technique (presence or absence of preparation
under the hearth), or location (interior / exterior) of the combustion
structure and the temperature reached during combustion, as well as the
relationship between this variable and the fuels used. Some of these
aspects are also being verified by the experimental part of our project
(Belarte, et al. 2022).

In parallel to the analyses discussed above, the data obtained from
the experimentation studies, the results of which are still being analysed,
seem to confirm some of the aspects pointed out, for example, con-
cerning the temperatures obtained, the alteration of the sediments or
that of the fuels themselves (Belarte et al., 2022).

The continuation of this research, both from an analytical and
experimental point of view, will allow us to confirm or extend the in-
terpretations we have deduced so far from the results obtained.
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