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ARTICLE INFO ABSTRACT

Keywords: By studying combustion structures, which conceal information about anthropogenic activity, we might learn
M_iddle paleolithic about their makers. This is especially important for remote time periods like the Middle Paleolithic, whose
Pit h‘;ar&]‘] . archaeological record comprises numerous combustion structures. The majority of these are simple, flat, open
Ne.an ertha hearths, although a small number of features situated in pit-like depressions have been recorded. Given that
Micromorphology . s s . . . .

Lipid biomarkers hearths built on a flat surface can result in pit-like color alteration of the underlying sediment, accurate iden-
Archaeomagnetism tification of pit hearths is a crucial step prior to behavioral interpretation. Here we present a comprehensive
Zooarchaeology study of a possible pit hearth from the Middle Paleolithic site of El Salt, Spain, using a microcontextual approach

combining micromorphology, lipid biomarker analysis, archaeomagnetism and zooarchaeology. This pit hearth
involves a true depression containing a thick plant ash deposit. It reached very high temperatures, possibly
multiple burning events and long combustion times. Morphologically distinct combustion structures in a single
archaeological context may indicate different functions and thus a diverse fire technology, pointing to Nean-
derthal behavioral variability.

1. Introduction

Fire has played an important role in human lives since the late
Pleistocene, as evidenced by different Middle Paleolithic and Middle
Stone Age deeply stratified sites with archaeological fire throughout
their sequence (e.g. Courty et al., 2012; Galvan et al., 2014a; Goldberg
et al.,, 2009b; Mallol et al., 2013a; Vaquero and Pastd, 2001; Wadley,
2006). Thus, we can study archaeological combustion structures from
these remote periods to learn about their makers. These structures may
convey information on aspects of pyrotechnology (e.g. fuel use, fire
temperature, fire intensity, hearth maintenance) (Mentzer, 2012) which

as any other technology, reflects behavior and culture (e.g. Schiffer
et al., 2001; Vitezovi¢, 2013 and references therein). In order to obtain
relevant information from an archaeological combustion structure,
which is sedimentary in nature, it is necessary to apply geo-
archaeological techniques (Miller, 2011). In recent years, different
methodologies to study combustion structures as artifacts have been
incorporated into archaeological method and theory (Mallol et al., 2017;
Mallol and Henry, 2017; Mentzer, 2012, 2017; Miller, 2011) and there is
a growing number of case studies on this topic (e.g. Aldeias et al., 2012;
Haaland et al., 2017; Miller et al., 2013).

The Middle Paleolithic fire record comprises numerous combustion
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features (Roebroeks and Villa, 2011 and references therein). The vast
majority of these are generally described as simple open hearths, which
are basic, flat structures without stone linings or surface preparation
(James et al., 1989; Leierer et al., 2019a; Mallol et al., 2013a; Mallol
et al., 2017; Meignen et al., 1989; Mellars, 1996; Olive and Taborin,
1989; Roebroeks and Villa, 2011). Research into this fire evidence from
different perspectives has provided information about aspects of Nean-
derthal fire technology. For instance, although there is widespread ev-
idence of wood ash and charcoal as the main fuel source, other fuel
sources have been documented including bones (Costamagno et al.,
2005, 2008; Théry-Parisot, 2002; Yravedra et al., 2016; Yravedra and
Uzquiano, 2013), lignite (Théry-Parisot and Meignen, 2000) and liquid
hydrocarbons (Courty et al., 2012). There is evidence of fire use to
facilitate woodwork (Aranguren et al., 2018), for smoking purposes
(Vidal-Matutano and Théry-Parisot, 2016) and the possibility to produce
tar (Koller et al., 2001; Kozowyk et al., 2017; Niekus et al., 2019; Pawlik
and Thissen, 2011; Schmidt et al., 2019; Wragg Sykes et al., 2015). Some
of this evidence points towards pyrotechnological traditions involving
fire use for purposes other than cooking and obtaining warmth and light.
However, our knowledge on Neanderthal pyrotechnology is still very
poor.

We might gain information from Middle Paleolithic combustion
structures by focusing on their shape. A basic element of archaeological
artifact analysis is morphology, a formal attribute that can be linked to
culture and technology (Debénath and Dibble, 1994; Hunt and Bortolini,
2016). Although most Middle Paleolithic combustion structures are
simple and flat, in a few cases they are delimited by stones or are
concave, forming a depression or pit into the substrate. Middle Paleo-
lithic fires placed in a depression have been reported at several sites
(Table 1). These hearths have been variably described and analyzed (see
Table 1). The function and other technological aspects of these pit
hearths remain unknown.

Interpreting archaeological combustion structures in depressions as
anthropogenic pit fires solely based on field observation can be
misleading since experimental studies have shown that downward heat
transfer in a fire made on a flat surface may result in a shallow, pit-like
color alteration of the underlying sediment (Aldeias et al., 2016; Bel-
lomo, 1993; Brodard et al., 2015; Mallol et al., 2013b; March et al.,
2014; Pérez et al., 2017a). Such structures cannot be interpreted as
anthropogenic pit hearths, as they did not involve intentional prepara-
tion of a pit or depression (Aldeias et al., 2016), raising the question of

Table 1
Sites with hearths placed in a depression, hearth description, and accompanying
references.

Site Hearth description References
Champlost 15 cm deep accumulation of (Farizy, 1994; Villeneuve and
ashes, heated bones and lithics Farizy, 1989)
Abric amongst numerous flat hearths, (Gabucio et al., 2017;
Romani few built on natural depressions, ~ Vallverdd Poch et al., 2012;
few with a concave morphology ~ Vaquero et al., 2001)
Oscurusciuto 2 m wide 15 cm deep hearth, (Boscato and Ronchitelli,

Divje babe 1

Roca dels
Bous

Kebara Cave

Hayonim
Cave

containing heated bone, lithics,
and rubified sediment

one hearth with a 1 m diameter
located in a depression

large hearth made in a 20 cm
deep depression, at least used
twice

a few hearths with diameters
over 80 cm and a thickness of
around 25-45 cm, filled with
ashes and charcoal, and
hypothetically representing
successive burning events

large, well-delimited thick wood
ash deposits with over 110 cm in
diameter and a thickness of
10-12 cm

2008; Villa et al., 2009)
Paunovic et al. (2002)

Martinez-Moreno et al. (2004)

Meignen et al. (2007)

Goldberg and Bar-Yosef (2002)
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how many correctly identified Neanderthal pit fires there are. Likewise,
hearth cleaning activities might result in pit like structures showing
ripped-up soil aggregates of the underlying substrate (Mallol et al.,
2007).

Anthropogenic pit fires or pit hearths have been defined as com-
bustion structures with a bowl- or U-shape, a depth of not more than 1 m
and a diameter of 0.6-1 m (Groenendijk, 1987; Huisman et al., 2019;
Peeters and Niekus, 2017). In archaeological context, the most
commonly occurring pit hearths can be found in the Mesolithic record of
the Netherlands, Belgium and northern Germany (Groenendijk, 1987),
but also in other periods like the Bronze Age (Lgvschal and Fontijn,
2019) and the Ninevite 5 period (Smogorzewska, 2012). There are a few
ethnographic or ethnoarchaeological descriptions of pit hearths from
native Americans (Skibo and Schiffer, 2008), seminomadic pastoralists
(Zerboni et al., 2013) and contemporary hunter-gatherers (Mallol et al.,
2007). A pit hearth is constructed through the excavation of the sub-
strate, which limits the amount of oxygen in the fire (Mallol et al., 2017;
Skibo and Schiffer, 2008). The temperatures reached in pit hearths seem
to be lower than in flat hearths but more stable and spatially homoge-
neous (March, 1992; March et al., 2014; Peeters and Niekus, 2017).
Thus, their morphology and thermal properties allow for different and
more specialized functions than simple flat hearths. In the ethnographic
record, there are pit hearths for hide smoking (Skibo and Schiffer, 2008),
charcoal burning (Zerboni et al., 2013), and cooking (Mallol et al., 2007;
Wandsnider, 1997). A study summarizing ethnographic data from
cooking pits associates them with roasting big amounts of either plants
or fatty meat “for extended periods of time and subjected to moderate to
high heat” (Wandsnider, 1997, p. 28).

Given that the presence of pit hearths in the Middle Paleolithic would
suggest technological or functional variation in fire use, microcontextual
investigations of possible pit hearths can be of considerable value to
behavioral research on Neanderthals (Aldeias et al., 2016; Haaland
et al., 2017; Meignen et al., 2007). So far, successful identifications of
Middle Paleolithic pit hearths using a microcontextual approach have
been conducted in Kebara and Hayonim Cave (Goldberg and Bar-Yosef,
2002; Meignen et al., 2007).

At the Middle Paleolithic site of El Salt, a plausible pit hearth was
found at the boundary of two depositional layers (stratigraphic units Xb
and XI). This is so far, the only combustion feature that is not flat in the
entire archaeological fire record of the site (a total of 83 combustion
features). Normally at El Salt, combustion structures are simple, flat,
with black sedimentary layers (here onwards BL) interpreted as charred
topsoils (Leierer et al., 2019a; Mallol et al., 2013a). In contrast, the
possible pit hearth does not exhibit a BL. Instead, it comprises a thick,
whitish-grey sedimentary layer (WL) filling a small, irregular depression
and reddish sediment (red layer or RL) at the base (Fig. 1, Fig. 2). In
order to investigate the nature of this peculiar combustion feature, and
to contribute to the understanding of Neanderthal fire technology, in
this paper we applied a microcontextual and multidisciplinary approach
combining micromorphology, lipid biomarker analysis, archae-
omagnetism, and zooarchaeology.

2. Material and methods
2.1. Site

2.1.1. Setting

The Middle Paleolithic open-air site of El Salt (38°41'14”N,
0°30'32"W, 680 m a.s.l.) is located in Alcoy (Alicante, Spain). It rests
against a 38 m high Paleocene limestone wall covered in tufa and
travertine (Galvan et al., 2014a; Galvan et al., 2014b). The site has been
dated by thermoluminescence between 60.7 + 8.9 and 45.2 + 3.4 Ka
and comprises a 6.3 m thick stratified deposit divided into 13 lithos-
tratigraphic units (Galvan et al., 2014b; Garralda et al., 2014). The
Middle Paleolithic sequence includes stratigraphic units from the lower
of V to XII and can generally be described as horizontally bedded
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Fig. 1. Selected field photos of H77. a) Profile view of H77 from the year 2012. Note thick ash layer (arrow) that exhibits a slight bowl shape. b) Photograph of
perimeter of the WL of H77 (red pins) and surroundings of hearth exposing the stratigraphic unit Lsg11 ¢) H77 during excavation while separated in two parts, in the
left part, the WL has already been excavated and the RL and two archaeomagnetism samples are exposed. On the right part the upper surface of WL is exposed and has
not been excavated there yet d) detailed view of the profile of the WL that was created by cutting the feature in two parts. The profile is viewed from the left part of
the feature looking towards the right part. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.)

Fig. 2. Field photo of an area of H77 including the two archaeomagnetism samples of the WL (AM), the micromorphology block Salt-18-8 (MM), the underlying red
layer (RL) and a deer tibia in 14 fire-cracked pieces (B). (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of

this article.)
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geogenic sands containing archaeological remains and combustion res-
idues, while these get more abundant from layer IX onwards (Fumanal
Garcia, 1994; Galvan et al., 2014b; Leierer et al., 2019a).

Excavation and research from the University of La Laguna at this site
are ongoing since 1986. Research involves multidisciplinary approaches
at site formation and archaeological palimpsest dissection (Fagoaga
et al., 2017, 2019, 2017; Galvan et al., 2014a; Galvan et al., 2014b;
Machado et al., 2016; Machado and Pérez, 2015; Machado Gutiérrez
et al., 2011; Mayor et al., 2020; Pérez et al., 2017b, 2020; Rodriguez
Rodriguez et al., 2002; Rodriguez-Cintas and Cabanes, 2015; Sistiaga
et al.,, 2014; Sistiaga Gutiérrez et al., 2011; Vidal-Matutano, 2016;
Vidal-Matutano et al., 2017, 2018) as well as microstratigraphic ana-
lyses of hearths (Leierer et al., 2019a; Mallol et al., 2013b; Mallol et al.,
2013a).

2.1.2. H77

Combustion structure H77, which was cut and partially lost during
the excavations of 1960-61, was exposed during the 2018 field season. A
clear pit shape was visible on the profile left by the 1960 excavations
(Fig. 1a). It is located at the boundary between stratigraphic unit Xb and
XI. Unit Xb is 10-14 cm thick and consists of archaeologically rich,
slightly darker brown, sandy-silt (Fumanal Garcia, 1994; Galvan et al.,
2014b; Leierer et al., 2019a). Unit XI has a variable thickness of 15-30
cm and shows black and white laminations underlain by a dark brown
clayey-silty substrate (Fumanal Garcia, 1994). The contact between Xb
and XI is slightly undulating but very sharp.

The feature was covered by a lens of grey sandy silt (Field name:
Lsg11), which was reported to be texturally different from the prevailing
sedimentary facies in this unit. Directly beneath facies Lsg11 was the WL
of feature H77. As can be seen on the 1960 profile (Fig. 1a). The WL was
thicker towards the center of the feature, with a maximum thickness of 5
cm. Upon excavation of the WL, which was loose and massive and
contained a few fresh rootlets, a sloping, reddish-brown (RL) sedimen-
tary surface was exposed (see Figs. 1c and 2). The RL showed a massive
appearance and was approximately 2 cm thick at the center of the
feature, thinning out towards the periphery.

The archaeological assemblage stratigraphically associated with
feature H77 comprises a concentration of calcined bone (n = 7),
including a shaft fragment of around 8 cm. There were also a few cm
long charcoal fragments and a few flint objects (n = 4). All the remains
were found towards the bottom of the WL. The underlying RL deposit
contained a larger archaeological assemblage, with 18 flint objects and 7
bone fragments.

2.2. Methods

2.2.1. Micromorphology

Archaeological soil micromorphology can aid in establishing strati-
graphic relationships, identify sedimentary and archaeological compo-
nents in their context, and can help with clarifying depositional and
post-depositional processes (Courty et al., 1989; Goldberg and Mac-
phail, 2009). In the case of a plausible pit fire, micromorphology can aid
in distinguishing between a bowl shape created through heat penetra-
tion from a flat surface and an excavated pit.

Undisturbed blocks of sediment were extracted from within the
feature (n = 3) and from outside in close proximity (n = 1) (see Fig. 2).
The samples were processed at the Archaeological Micromorphology
and Biomarker Research Lab (AMBI Lab), Universidad de La Laguna,
Tenerife, Spain with the protocol published in Leierer et al. (2019a) and
Leierer et al. (2019b).

The thin sections were observed under PPL (plane polarized light)
and XPL (cross polarized light) using a Nikon Eclipse E200 polarizing
microscope, with magnifications ranging between 20 and 100, and
described following the guidelines of Stoops (2003) and Nicosia and
Stoops (2017). The concept of microfacies approach was applied
(Courty, 2001) to facilitate the understanding of micromorphological
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features and interpretations.

2.2.2. Lipid biomarker analysis — n-alkanes

In the last two decades, lipid biomarkers have gained importance in
geoarchaeological research (Buonasera et al., 2019; Connolly et al.,
2019; Herrera-Herrera and Mallol, 2018; Jambrina-Enriquez et al.,
2018, 2019; Leierer et al., 2019a; Peters et al., 2005). Here, n-alkanes
were extracted and measured to identify possible plant residues. A
detailed protocol for obtaining these n-alkanes can be found in the
supplemental material (Suppl. 1).

2.2.3. Total carbon, total inorganic, and total organic carbon analysis
A description can be found in the supplemental material (Suppl. 1).

2.2.4. Controlled heating experiments

In order to explore the rubification process of the RL in a sedimentary
substrate such as that of El Salt, we conducted a series of controlled lab
burns using presumably unburnt sediment from the stratigraphic unit XI.
For each burn, approximately 0.8 g of sediment was placed into a
ceramic crucible and heated in a muffle furnace (Nabertherm B180) to
between 100 °C and 800 °C at intervals of 100 °C in oxidizing condi-
tions. The furnace heating rate was +26 °C/min (Kuo et al., 2008) and
the designated temperature was kept constant for 1 h. After heating, the
crucibles were extracted and cooled down. Color change and exact
colors of the sediment were measured using the Munsell Soil Color Chart
(Munsell Color (Firm), 2010).

2.2.5. Archaeomagnetic and rock-magnetic analyses

Four hand-blocks (samples) were collected from the H77 hearth.
Two of the samples correspond to the WL (from 0.5 to 5 cm of thickness)
(Fig. 2) and the other two to the subjacent RL (ca. 1-2 cm of thickness)
(Fig. 1). Additionally, bulk (unoriented) sample from each facies was
collected to carry out rock-magnetic analyses. A detailed description of
sample extraction and analysis can be found in the supplemental ma-
terial (Suppl. 1).

2.3. Faunal analysis

Zooarchaeological and taphonomic analyses were carried out
following the standard methods (Lyman, 1994; Reitz and Wing, 2008).
The protocol for these analyses can be found in the supplemental ma-
terial (Suppl. 1).

3. Results
3.1. Micromorphology

Together, all the thin sections analyzed (6 from inside the feature, 2
from outside but closely related) provided a microscopic overview of the
entire combustion structure. We identified 4 microfacies types (here
onwards: MFTs) which can be correlated with the macroscopic field
facies. These MFTs are, from base to top: MFT XI, MFT RL, MFT WL, and
MFT Lsgl1 (Fig. 3). Since lithology, components, and post-depositional
processes share comparable characteristics throughout the sample set,
they will be presented separately in the following paragraphs. Changes
in frequency or composition within an MFT will be noted in the
description of the MFTs. A detailed description of every microfacies unit
can be found in the supplemental material (Suppl. 2).

3.1.1. Lithology

The lithological composition of the sample set is homogenous and
characteristic of El Salt unit Xb, as has been previously documented
(Leierer et al., 2019a). The sediment is sandy and detritic, with sub-
rounded, quartz-rich limestone fragments, subrounded travertine and
tufa fragments, and few subrounded quartz grains. These components
show variations in abundance, degrees of weathering, and burning
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Fig. 3. Location of micromorphology block and their corresponding thin sections. Different colors indicate the microfacies types (MFT) and dots indicate the location
and degree of burning of bones bigger than 1.5 mm. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of

this article.)

throughout the different MFTs (see Suppl. 2). Some of the tufa fragments
are brownish grey in PPL due to burning (Mallol et al., 2013a).

3.1.2. Other components

Anthropogenic and biogenic components are frequent in the sample
set and are listed and described in Table 2 and presented in Fig. 4.

Microscopic faunal remains exhibit different degrees of burning. All
bone fragments (excluding teeth) larger than 1.5 mm were mapped and
their approximate degree of burning was subjectively classified, result-
ing in 173 bones with 4 possible degrees of burning: Calcined (n = 42),
presumably burnt (n = 55), presumably unburnt (n = 73) and uniden-
tified (n = 3) (see Fig. 3). The subjective classification was done ac-
cording to optical differences in color (in PPL) and birefringence (in
XPL), following reference material of experimentally heated bone and
micromorphological guidelines for their characterization (Villagran
et al., 2017). The distribution of the altered bones is random in all MFTs,
while MFT XI and MFT Lsg11 have a predominance of heated bone and
MFT RL and MFT WL a predominance of calcined bone. The abundance
of bone is lower in the MFT WL compared to all other MFTs.

3.1.3. Post-depositional processes
The entire sample set is slightly disturbed by bioturbation. However,

the degree of bioturbation is small enough to enable a good comparison
amongst the different MFTs. A majority of the void structure is domi-
nated by channels and chambers. A small number of passage features
could be observed as well. Nevertheless, physical transformation due to
bioturbation is at a small scale, without disturbance of the general
sedimentary structure. In a few instances, bioturbation took place at the
boundary of two distinct MFTs, where sediment from one layer was
mixed into the other layer in the form of a passage feature.

Part of the sample set shows post-depositional decalcification (Kar-
kanas and Goldberg, 2010). MFT XI and MFT RL are more strongly
decalcified than MFT Lsgl1, whereas the ashes of MFT WL are the least
decalcified. MFT XI and MFT Lsg11 contain massive coprolites and some
voids are internally hypocoated with a phosphatic stain.

3.1.4. Microfacies types (MFTs)

3.1.4.1. MFT XI. MFT XI has a dark brown color in PPL. At high
magnification, the groundmass is brownish yellow, and it is evident that
the dark brown color observed in the naked eye and at low magnifica-
tion is due to the common presence of charcoal and black organic resi-
dues. In XPL, the b-fabric is only weakly crystallitic, indicating
decalcification. The mineral grains are also affected by decalcification.
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Table 2

Anthropogenic and biogenic components found in the sample set, their
description, and their presence (marked with an “x”) or absence (empty cell) in
the specific MFT. Cells marked with an “(x)” represent a single occurrence of that
component within the MFT.

Component Description MFT MFT MFT MFT
XI RL WL Lsgll
Ash Woody and nonwoody X

plant-ash in different
states of preservation

Wood charcoal Some fragments X x) X
identified as pine
Black organic Fine to medium sand size,  x X
residues possibly charred
Fibrous Herbivore origin X X X
coprolite
Massive Omnivore/carnivore X X X
coprolite origin
Celtis australis Abundant throughout the — x X X X
seed coats sample set, some burned
Possible animal ~ Very few particles of X
fat-derived massive black matrix
char with vesicular voids and
fragments fissures commonly
identified as charred
liquid drops of fat (Clark
and Ligouis, 2010;
Goldberg et al., 2009b;
Miller et al., 2009)
Bones Abundant throughout X X X X
sample set,
Predominantly
microfauna and lower
proportion of
nondistinctive fragments,
possibly macrofauna
Teeth From rodents X X X

Flint flakes Sand-sized flakes and X X
flake fragments, some

burned, visible as crazing

(fine pattern of cracks) (

Angelucci, 2017)

Intergrain microstructures are predominant and are complemented by
subangular blocky microstructures. Voids are complex packing voids,
channels, and chambers. Anthropogenic components like possible fat-
derived char, charcoal, and bone are very abundant.

3.1.4.2. MFT RL. MFT RL exhibits massive reddish-brown sediment in
PPL, devoid of organic material. The b-fabric resembles that of MFT XI.
Depending on the position of the thin section within the feature, the RL
is thicker, more reddish, without organic material (towards the center)
or thinner, less red with very little organic matter (towards the pe-
riphery). In some areas, especially towards the center of the combustion
structure, the upper part of the RL exhibits horizontal planes. Micro-
structure and voids are, apart from the planes, similar to that of MFT XI.

3.1.4.3. MFT WL. The thickness of the WL in thin section is up to 5 cm
and the boundaries to over- and underlying units are sharp. MFT WL
appears pale-yellowish brown in PPL and locally blueish grey or light
grey in XPL. It is locally fibrous and composed exclusively of wood ash
and unidentified plant ash. The light grey zones show a crystallitic b-
fabric in XPL and contain calcium carbonate pseudomorphs of calcium
oxalate, specifically calcitic wood ash rhombs (Fig. 5a-c), while the
blueish grey zones lack rhombs and show scattered micritic crystals
(Fig. 5d-i). The ashes in these areas are submicroscopic, which in-
fluences their interference color (Canti, 2003). Additionally, ash parti-
cles resembling plant structures are encountered within the blueish grey
zones (Fig. 5i and j). They have a dark red color and are fibrous. Bigger
particles have a cell structure preserved.

The microstructure is predominantly intergrain microaggregate and
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vughy with occasional channels. MFT WL contains very few components
— besides ash - the most abundant being bone fragments, followed by
lower amounts of tooth fragments and Celtis australis seed coats.

3.1.4.4. MFT Lsgll. In regard to color, microstructure, voids, and the
presence of anthropogenic components, MFT Lsgl1 and MFT XI appear
similar, however, MFT Lsgl1 shows less decalcification of the matrix.
The dark brown color of MFT Lsgl1 is due to the presence of charcoal
and black organic residues.

3.2. Lipid biomarkers — n-alkanes

We obtained n-alkane data from 8 loose sediment samples from in-
side the combustion feature (WL: n = 4, RL: n = 1) and from surrounding
sediment on top (Lsgl1l: n = 1) and on the bottom (SU XI: n = 2) (Fig. 6).
The concentration of total n-alkanes is rather low with an average of
0.113 pg per gram of dry sediment (pg/gds) with the highest concen-
tration of 0.59 pg/gds (BM18 — Lsg11) and the lowest concentration of
0.005 in WL samples (BM37, BM43). We can broadly distinguish be-
tween samples from within the feature and samples around it. The RL
and WL samples from within the feature are low in total alkane con-
centration (0.018 pg/gds n = 5) with dominant peaks in shorter chains
between C18 and C21. The surrounding samples have a higher total
alkane concentration of 0.656 pg/gds (n = 4) with dominant peaks in
C31 and C35 and an odd-over-even predominance.

3.3. TC, TIC, and TOC

The results of TC, TIC, and TOC measurements can be found in the
supplemental material along with a table depicting individual values.

3.4. Controlled heating experiments

Colors ranged from dark reddish-brown (on the Munsell soil color
chart 5 YR 3/4) (100 °C) to reddish-yellow (5 YR 6/6) (800 °C) (see
Fig. 7) (Munsell Color (Firm), 2010). We did not observe color change
between 100 and 300 °C. At 400 °C, the sediment turned lighter in color
but remained reddish-brown (5 YR 4/4). From 500 to 600 °C a change in
color towards a very light reddish-brown was noted (5 YR 5/4), and
towards light reddish-yellow at 700 and 800 °C (5 YR 6/6).

3.5. Archaeomagnetic results

Initial natural remanent magnetization (NRM) intensities of the WL
are between 2.8x 10™* and 1.75 x 10~ Am?kg ™! while susceptibility
varies between 5.5 x 107® and 4.0 x 107® m®kg~!. In the RL, NRM
values vary between 4.5 x 10™* and 4.3 x 107> Am?kg ™! and suscep-
tibilities oscillate between 5.45 x 107® and 9.6 x 10~7 m®kg L. For both
parameters, WL samples show higher values compared to the RL, sug-
gesting that the concentration of ferromagnetic (s.L) particles are higher
in the WL.

Fig. 8 shows the values of the Konigsberger (Q,) ratio for both facies.
The Q ratio (Koenigsberger, 1938; Stacey, 1967) is a magnetic
parameter which relates to the remanent and induced magnetization
([Qn = NRM/(yH)]1, where y is the magnetic susceptibility and H the
intensity of the local magnetic field). This parameter is commonly used
to characterize burnt archaeological materials or igneous rocks and is
considered a measurement of stability to indicate a sample’s capability
of maintaining a stable remanence such as thermal remanent magneti-
zation (TRM). All values but one are over unity indicating that the
magnetization is most probably of thermal origin and are in the range of
other burnt archaeological and experimental materials such as hearths,
pottery or fireplaces (e.g. Francés-Negro et al., 2019; Herrejon Lagunilla
et al., 2019; Kapper et al., 2014).

The orthogonal NRM demagnetization diagrams obtained in both
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Fig. 4. Components mentioned in Table 2 as microphotograph. Each microphotograph represents PPL on the left side of the picture and XPL on the right side of the
picture. a) charcoal, b) black organic particles, c) fibrous coprolite, d) massive coprolite, ) intact Celtis australis seed coat containing its charred seed, f) possibly fat
derived char, g) heated bone, h) calcined bone, i) tooth, j) heated flint flake.

facies are characterized by high intensities of magnetization and stable Exceptionally, in a single case, the ChRM direction is defined between
and reproducible directions (Fig. 9). All specimens exhibit a low tem- 200 and 500 °C in a RL sample (Fig. 9b). This behavior reflects a partial
perature secondary viscous component unblocking up to 200-250 °C. thermoremanent magnetization (pTRM) caused by the lower tempera-
The characteristic remanent magnetization (ChRM) direction is isolated ture reflected in this sample. A high-temperature (HT) component can

from 250 °C to 580-600 °C, systematically showing normal polarity. be observed between 500 and 600 °C (Fig. 9b). The maximum
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200 pm

-

500 um

Fig. 5. Microphotographs of ashes taken in XPL: a) fresh wood ash in the form of calcium carbonate pseudomorphs of calcium oxalate (ash rhombs and rods), b)
micritic mass of fine crystalline calcitic ash and carbonate pseudomorphs, c) fresh wood ash as carbonate pseudomorphs together with micritic mass of ashes, d)
micritic mass of ashes of different crystal sizes according to the difference in color, e) micritic mass of ashes intermixed with sediment, f) micritic mass of ash crystals
recrystallized around remains of reddish plant fiber, g) aggregate of RL sediment (passage feature) within micritic mass of ashes, h) aggregate of micritic ashes within
the RL, i) accumulation of reddish plant fibers surrounded by recrystallized micritic ashes, j) close-up of large fibrous tissue fragment with preserved cell structure
embedded in micritic ashes. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.)
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Fig. 6. N-alkane profiles of samples related to H77. Graphs show name of the sample, total alkane concentration and abundances of n-alkanes from chain length of
C17 to C35 with two different scales on the y-axis. Error ranges are shown according to their standard deviation. Error ranges not visible are lower than 0.0009.

unblocking temperature (max Tyg) of the pTRM would indicate the
maximum heating temperature experienced by this RL during its last
heating. It seems logical to expect some variability in the temperatures
reached by the burnt facies of prehistoric combustion features (e.g.

Carrancho et al., 2009), especially considering that the RL is underlying
the WL, thus further away from the heat source. In any case, the
dominant behavior in the NRM directional stability of both burnt facies
is defined by highly magnetic, univectorial, stable normal polarity
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Fig. 7. Color change after controlled burning of sediment from SU XI at different temperatures for 1 h. (For interpretation of the references to color in this figure

legend, the reader is referred to the Web version of this article.)
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Fig. 8. The natural remanent magnetization (NRM) versus the bulk magnetic
susceptibility (S.I.), showing lines of constant Koenigsberger ratio (Qn) between
0.1 and 10. RL = Red layer. WL = white layer. (For interpretation of the ref-
erences to color in this figure legend, the reader is referred to the Web version
of this article.)

diagrams most probably carrying a TRM. This observation is supported
also by the Q, ratio values and the thermomagnetic results explained
below.

Regarding the magnetic properties, the WL maximum values of
magnetization in the isothermal remanent magnetization (IRM) curves
are higher than those from the RL. A similar trend is detected in ther-
momagnetic curves, in which a decreasing pattern in depth is also
observed (Fig. 10a—j). The main magnetic carrier is in all cases a slightly
substituted magnetite with Curie temperatures (T¢) around 580 °C. In
general, there is a progressive decrease in the intensity of magnetization
as a function of depth. Although the RL subsamples show some vari-
ability, their values are within the same order of magnitude (Fig. 10a—e).
The decrease in the magnetization intensity as a function of depth is
especially clear in the ash subsamples (Fig. 10f-j). In both facies, a total
or very high degree of reversibility is observed, perhaps with the only
exception of the deepest WL sample (Fig. 10i). In any case, the WL is
magnetically more intense than the RL since it underwent higher tem-
peratures generating a higher concentration of ferrimagnetic (s.s.)
minerals (magnetite).

3.6. Faunal analysis

The bone remains associated with and recovered from H77 are very
scarce, with only 13 NR (number of remains) that are split into 11 NME
(minimal number of element) and 2 MNI (minimum number of in-
dividuals) (Table 3): one prime deer (Cervus elaphus) and one rabbit
(Oryctolagus cuniculus). The remains are for the most part composed of
long bone fragments, with a few instances of cranial or axial parts.
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At a taphonomic level, all bone fragments exhibit thermal alteration,
with a higher degree of surface modification in the layers closest to the
heat source, as shown by the degree of burning and presence of cracks.
For example, a single deer tibia was collected in 14 fire-cracked frag-
ments (Fig. 2). However, signs of anthropogenic modification (e.g.
slicing marks, scraping marks, dental imprints) are generally absent and
only five fresh fractures were recorded (Table 4).

4. Discussion

Our multiproxy study indicates that the H77 combustion feature
represents an in-situ pit hearth. Below, we discuss different lines of ev-
idence from the geoarchaeological and zooarchaeological techniques
applied, which provided clues about the nature of the feature, its degree
of preservation, temperature estimates, and its possible use history.

4.1. H77: a well preserved in-situ pit hearth

Thick ash layers (of up to 20 cm) documented in Paleolithic contexts
are typically interpreted as ash dumps based on their micromorpho-
logical features (Berna and Goldberg, 2008; Meignen et al., 2007). In the
case of H77, an ash dump in the pit is improbable. First, the WL filling
the small depression is composed of primary plant ash. Second, in
agreement with experimental data from (Aldeias et al., 2016), the RL at
the surface of the depression is thicker towards the center of the hearth
(see Salt-18-9 in Fig. 3), indicating in-situ burning. The absence of a
black layer underlying the H77 ash deposit is a notable difference from
the other El Salt combustion structures, in which such black sedimentary
layers are composed of charred decayed plant remains and excrements
(Leierer et al., 2019a; Mallol et al., 2013a). Instead, H77 contains a thick
RL completely devoid of organics. This RL resembles SU XI in all aspects
(e.g. lithology, components, microstructure) except for the absence of
organic matter and the red color, suggesting the same depositional
source.

Further evidence of in-situ burning was obtained through archae-
omagnetism. Our results clearly show that all the samples are highly
magnetic and stable and that they have efficiently recorded the direction
of the Earth’s magnetic field at the time of the last burning and subse-
quent cooling. The magnetization intensity values are similar to those
reported for burnt facies in prehistoric combustion structures (e.g.
Carrancho et al., 2009; Kapper et al., 2014). The Qn ratio values point
out that the mechanism of magnetization is most likely a thermorema-
nence (TRM). Furthermore, the stable orthogonal NRM demagnetization
diagrams with reproducible directions and a good statistical grouping
also indicate an efficient record of the magnetization through a TRM as
well as a good preservation of the original combustion structure. If the
samples had undergone severe mechanical reworking (e.g.: by tram-
pling, bioturbation, etc.), the dispersion of the ChRM directions in the
stereogram would be significantly higher with lower k values. Consid-
ering the reasonably low dispersion obtained (k = 111.3) and the age of
this combustion structure (ca. 55 ky B.P.), the preservation level of H77
is very good.

This agrees with macro and microstratigraphic-scale observations.
The contact between the RL and the WL is sharp, which is common in
combustion structures (Mallol et al., 2017), and does not show any signs
of post-depositional disturbance. No microscopic ripped-up clasts or
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mixing between the two layers was observed, except for two instances of
ash embedded in the RL, which will be discussed in the fire use history
section below. The absence of ripped-up aggregates from underlying
substrate speaks against hearth cleaning activities and thus incidental
production of a pit (Mallol et al., 2007). Regarding the formation of the
pit, it could have been intentionally excavated or it could have been
present prior to the fire as a natural depression.

4.2. Estimating burning temperatures

Reddening and absence of organics together point towards high-
temperature combustion. Organic matter is oxidized between 500 and
550 °C, where it gets converted to carbon dioxide and ash (Heiri et al.,
2001; Wang et al., 2011). At these temperatures, both fresh and charred
organics disappear from the sedimentary matrix. Thus, the RL must have
been exposed to such temperatures for some time. Rubification is the
reddening of iron-containing soils or sediment from heat (Ropke and
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Dietl, 2017). Experiments have shown that organic substrates rubify less
than inorganic sediments (Aldeias et al., 2016; Berna et al., 2007; Canti
and Linford, 2000; Mallol et al., 2013a; March et al., 2014). Neverthe-
less, the temperature at which reddening occurs is unclear. Different
experimental burning studies report rubification at different tempera-
tures which taken together yield a broad range (250 °C-800 °C) (Berna
et al., 2007; Gualtieri and Venturelli, 1999; Mathieu and Stoops, 1972;
Ropke and Dietl, 2017), suggesting that sediment type may be an
influential variable. Some sediments show no reddening even at high
temperatures (Berna et al., 2007; Canti and Linford, 2000). In an
experimental study in which fires were made on the natural substrate
surrounding the El Salt site, only 2 out of 25 of the resulting combustion
structures yielded reddish layers at their base (Mallol et al., 2013b). One
structure, with a 9 mm thick patchy RL directly underneath the ash layer
was from a fire made on artificially wet sediment, fueled with a total of
24.4 kg of pine wood for 6-7 h (Mallol et al., 2013b). The resulting RL
was interpreted to originate from mineral dehydroxylation upon fast
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Measures of abundance and quantification of taphonomic alterations of faunal remains in H77.

Abundance Taphonomic alterations
Taxa NR MNE MNI Thermal Alt. Fracture fresh Fracture dry Mixed Fracture Manganese Root-marks
Cervus elaphus 3 3 1 (Prime) 3 1 2 2
Oryctolagus cuniculus 1 1 1 1 1 4 1
Medium size 3 1 - 3 1 1 1
Small size 1 - - 1 1
Undetermined 5 1 3 1 2 1

13 6 11 5 4 3 7 2

Table 4
Main features observed in the H77 heated bone.

Taxa Anat. Element Facies Fragment Type Origin Agent Distribution Color Modification
Cervus elaphus Ribs WL 550 Thermal alt. Fire Anthropic Total Grey Cracks
Cervus elaphus Radius WL 500 Thermal alt. Fire Anthropic Total Black Cracks
Cervus elaphus Tibia WL 050 Thermal alt. Fire Anthropic Total Bl/G/Wh Cracks
Oryctolagus cuniculus Long bone RL 050 Thermal alt. Fire Anthropic Total Black/Grey -
Medium size Cranial RL 050 Thermal alt. Fire Anthropic Total Grey/White Scaling
Medium size Long bone RL 050 Thermal alt. Fire Anthropic Partial Brown/Grey -
Medium size Long bone RL 050 Thermal alt. Fire Anthropic Total Black -
Small size Long bone WL 050 Thermal alt. Fire Anthropic Total Brown/Black -
Undetermined Cranial WL 051 Thermal alt. Fire Anthropic Total White Cracks
Undetermined Undetermined RL 050 Thermal alt. Fire Anthropic Total Grey/White Cracks
Undetermined Long bone RL 050 Thermal alt. Fire Anthropic Total Brown/Grey -

water evaporation rather than high temperatures (Mallol et al., 2013a).
The other structure yielded a 0.5 cm thick RL directly underneath the
ash layer. It resulted from a fire made on very compact, inorganic
sediment fueled for 3 h (Mallol et al., 2013a). Our results from experi-
mental lab burning of unit XI sediment, which comprises abundant black
organic residues and charcoal fragments (see MFT XI), showed that
rubification started at 500 °C and was strongest at 700-800 °C (see
Fig. 7).

From the experiments described above, we can reasonably speculate
that the H77 combustion structure represents three possible scenarios: a
pit hearth 1) made on organics-containing sediment whose temperatures
(at the substrate) may have reached at least 500 °C, or 2) made on
inorganic sediment whose temperatures might have not necessarily
exceeded 500°, or 3) made on wet sediment. The presence of micro-
scopic horizontal fissures observed at the upper part of the H77 RL in the
samples closest to the center of the structure suggest that the substrate
reached high temperatures, as reported in previous experiments (Mallol
et al.,, 2013b; Mallol et al., 2013a). As discussed below, our lipid
biomarker and archaeomagnetism data also agree with this hypothesis
and are both against the wet substrate scenario and the inorganic sedi-
ment scenario.

Our n-alkane data indicate that the RL and WL were exposed to high
heat. These sedimentary layers yielded low n-alkane concentrations
with dominant peaks at C20 and C21 indicative of degradation. A record
of degradation implies that the original sediment contained some
organic matter. Possible causes for degradation are either thermal
(Eckmeier and Wiesenberg, 2009) or microbial (Brittingham et al.,
2017). Microbial degradation would generally affect the whole sample
set, and the surrounding sedimentary facies (Lsgl1 and SU XI) showed
better preservation and no signs of alteration, hence microbial degra-
dation is unlikely. Thermal degradation was shown in experimental
work on n-alkanes of Celtis australis leaves, bark, branches, and twigs,
which represent similar n-alkane patterns as the H77 assemblage with
dominant peaks at C20 at temperatures higher than 350 °C (Jam-
brina-Enriquez et al., 2018). Another study on a combustion structure
assemblage from El Salt SU X showed comparable patterns in several BL
and WL (Leierer et al., 2019a). Comparing our data with these results, an
estimated burning temperature of much higher than 350 °C can be
proposed for the H77 fire. Comparing our data to Wiesenberg et al.
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(2009), who conducted charring experiments with rye and maize,
temperatures might have even exceeded 500°.

Regarding our archaeomagnetism data, the high degree of thermo-
magnetic reversibility recorded in the thermomagnetic curves (coinci-
dence between the heating and cooling cycles) indicates that both WL
and RL underwent high heating temperatures, most likely > 600-700
°C. Otherwise, they would not show such high reversibility upon labo-
ratory re-heating to those temperatures as probably, their ferromagnetic
mineralogy would not be stabilized. The stable and reproducible
directional behavior of the NRM orthogonal demagnetization plots is
also compatible with high-temperature heating.

In a single case, a p-TRM seems to have been recorded in a RL sample
that would have reached a maximum temperature of 460-500 °C (Fig.
9b). This might be explained by the internal temperature variability
expected for simple anthropogenic combustion structures (Canti and
Linford, 2000). The considerable thickness of the ashes of the H77
hearth (up to 5 cm) is also indicative that a significant amount of fuel
was burnt, which would favor reaching high temperatures. In any case,
the high NRM intensities observed, Q, ratio values > 1, stable orthog-
onal NRM demagnetization plots with quite reproducible directions and
a high reversibility in the thermomagnetic curves all indicate a
high-temperature heating and the record of a TRM. These criteria have
already been observed in other archaeomagnetic studies on prehistoric
fires as proof of stable remanences and well-heated materials (e.g.
Carrancho et al., 2012).

In the literature, burning temperatures of pit hearths are still being
discussed. There is a consensus that pit fires do not reach the same high
temperatures as flat hearths (March et al., 2014; Peeters and Niekus,
2017) due to the insulating effects of the pit depression and reduced
oxygen input (Mallol et al., 2017), which also renders combustion
slower, incomplete and more charcoal-rich (March, 1992; March et al.,
2014). Another factor which limits burning temperatures is the rapid
infilling of the pit with ash and charcoal, which are both thermally
insulating (Aldeias et al., 2016; Canti and Linford, 2000; March et al.,
2014). March et al. (2014) report average temperatures above ground in
experimental hearths with simple flat hearth temperatures at 335 °C and
pit hearth temperatures at 273 °C. Other experimental flat hearths reach
maximum mean temperatures of 600 °C (Bellomo, 1993) or their
maximum temperatures range from 600 to 1000 (Bentsen, 2012, 2013;
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Braadbaart et al., 2012; Canti and Linford, 2000; Sievers and Wadley,
2008; Stiner et al., 1995). Evidently higher temperatures than reported
in March et al. (2014) can be reached.

Factors that seem to influence temperatures reached on the surface
are the number of heatings, the quantity of fuel, conductivity of the
substrate as well as the position within the combustion structure (Car-
rancho and Villalain, 2011) and in the subsurface are amongst others
intensity of heat, duration, sedimentary moisture and compaction
(Aldeias et al., 2016).

Despite these conditions and considering our different proxies, our
temperature estimates for H77 would be between 500 °C and 600 °C for
the RL. These temperatures are relatively high compared to other
experimental values of pit hearths but might not be impossible to reach.
Even if temperatures reached are slightly lower than in the experimental
flat fires, if kept burning for long enough, temperatures between 500 and
600 °C might be reached in the uppermost few centimeters (Aldeias
et al., 2016).

4.3. Approaching the use history of the H77 pit hearth: fuel and repeated
use

Microscopically, the H77 plant ash observed throughout the WL
samples consists of well-preserved calcium carbonate pseudomorphs of
calcium oxalate in a mass of fine crystalline, birefringent, calcareous
material (Canti, 2003), as has been previously described for partially
dissolved and recrystallized wood ash (Canti, 2003; Shahack-Gross
et al., 2008). Recrystallization of wood ash is a common diagenetic
process in archaeological contexts (Goldberg et al., 2009b; Karkanas
et al., 2007; Madella et al., 2002; Shahack-Gross et al., 2008; Zerboni,
2011). In H77, there is also residual reddish fibrous matter mixed with
the recrystallized ash (see Fig. 5i and j), resembling experimentally
burned moss (Mallol et al., 2017). However, the color of this fibrous
matter does not suggest charring or calcination. Given that the alkane
signature of the WL does not indicate input of fresh plant matter (see
Fig. 6), a possible explanation might be plant pseudomorphs, which are
common in ashes (Mallol et al., 2017 and references therein) associated
with clay that may have been coating the plant at the time of combustion
(Goldberg et al., 2009a). For now, the nature of the plant fuel that was
mixed with wood in H77 remains unknown.

How intense was the use of the H77 pit hearth? Considering possible
volume reduction of the original ash deposit due to slight dissolution
and compaction (Schiegl et al., 1994, 1996), the preserved ash volume
in H77 is considerable. This could have resulted from a single,
long-duration combustion event or a complex use history involving
different relighting episodes. Both scenarios may involve massive, thick
ash deposits (Mallol et al., 2007). Weiner et al. (2002) state that the
absence of charcoal in a hearth and therefore the white color of its ashes
might be indicative of repeated burning at the same location. H77 RL
and WL contained only one charcoal fragment in sample Salt-18-8a,
with a diameter of about 1 cm, fractured in-situ, and concentrated in
the upper third of the WL.

Slight reworking, relighting, or repeated use of the structure is evi-
denced in sample Salt-18-8b, which exhibits two ash lenses embedded in
the RL, and sample Salt-18-7, which shows thin ash concentrations un-
derlying the RL. Such evidence points to the structure’s complex for-
mation history. These ash lenses and concentrations have not been
disturbed by bioturbation, so it is highly likely that they are in-situ.
According to previous experiments, relighting a hearth after a short
time might not always show characteristic stratigraphic features and
thus go unnoticed (Mallol et al., 2013b), while relighting of hearths after
a long hiatus can be recognized as stacked combustion structures that
either have successions of BL and WL or laminated WLs (Berna and
Goldberg, 2008; Goldberg, 2003; Goldberg et al., 2009b; Meignen et al.,
2007). Here, it is unlikely that there was a long hiatus between the
burning events since sedimentation would have affected the entire
surface of the hearth and not only a small patch within the combustion
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feature. It is more likely that part of the sediment from the wall of the pit
fell on top of the initial ash layer and was possibly rubified upon sub-
sequent burning.

Finally, additional information on the use history of the H77 pit
hearth comes from the faunal assemblage contained in the ash deposit.
Although it is too small to draw any conclusions about anthropogenic
activity besides intentional burning, it seems clear that the bone remains
represent animal refuse (mainly red deer) that was tossed in the flames.
Unintentional burning of bone fragments that might have been lying on
the surface is unlikely, as all the bone specimens are strongly heated to
levels close to calcination, which has been experimentally shown to
correspond to bone in direct contact with fire (Mallol et al., 2013a; Pérez
et al., 2017a). The bone could have been tossed in the fire as fuel or for
other purposes or reasons.

4.4. Final remarks

The H77 combustion structure is located at the interface of strati-
graphic units X and XI. It is embedded in stratigraphic unit XI and
covered by stratigraphic unit X, suggesting a possible correlation with
human occupations taking place sometime between the end of the for-
mation of the unit XI deposit and the deposition of unit X. Archaeolog-
ical excavation of El Salt unit XI has only just begun and there is no fire
record to compare or results with. If we compare H77 with the unit X fire
record, which has been extensively studied (Leierer et al., 2019a; Mallol
et al., 2013a; Vidal-Matutano, 2016; Vidal-Matutano et al., 2017, 2018),
it is one of a kind. Neither the morphology nor the temperature reached
in H77 has been encountered in El Salt before. The microscopic
appearance of the ashes and the fibrous material is also undocumented.
Future experiments to generate ash from different plants are needed to
determine possible fuel sources.

The differences in morphology between flat hearths and pit hearths
are considerable. In artifacts differences in morphology represent vari-
ability in function and hence culture and technology (Debénath and
Dibble, 1994; Hunt and Bortolini, 2016). Given that combustion struc-
tures are artifacts, morphologically distinct combustion structures may
indicate different functions and thus a diverse fire technology. Even
though we do not know the function of H77, we can assume it is different
by comparing it with ethnographic cases. Pit hearths are normally used
for hide smoking (Skibo and Schiffer, 2008), charcoal burning (Zerboni
etal., 2013), and cooking (Mallol et al., 2007; Wandsnider, 1997). While
flat hearths might also be used for cooking, it is likely that the food gets
affected differently by a variation in heat transfer (Mallol et al., 2017).
Thus, the deliberate use of a pit fire reflects variation in fire technology.
Regarding the comparably high temperatures reached in this fire, there
might have been an intent to keep this fire burning with such high
temperatures. This is evidence of Neanderthal behavioral variability (i.e.
Burke, 2006; Kuhn, 1995; Scott, 2011; Speth, 2010).

5. Conclusion

H77 is an in-situ combustion structure that we interpret as an
anthropogenic fire made in a pit by Neanderthal groups living at El Salt
prior to the unit X occupations. Whether the pit was dug out or was a
natural depression remains unknown. Our multiproxy data indicate that
the fire reached high temperatures (500-600 °C in the RL) and possibly
had a complex use history. The fuel consisted of a mix of wood and
another undetermined plant and during its use, animal refuse (especially
ribs, radius, and tibia of red deer) was tossed in it.

So far, H77 is the only pit hearth documented at the site, which has
yielded 83 combustion features, and one of the few pit hearths docu-
mented in the Eurasian Neanderthal record. The addition of well-
documented pit hearths to the Neanderthal record implies variability
in fire technology and supports overall Neanderthal behavioral vari-
ability, an aspect that had not previously been explored through the fire
record.



L. Leierer et al.

For this study, we have applied a novel multiproxy, microcontextual
approach. Although soil micromorphology has been previously used to
reconstruct anthropogenic fire formation processes, there are very few
studies combining this technique with lipid biomarker analysis to pin
down fuel sources and burning temperatures. Coupling these two tech-
niques with archaeomagnetism is also unprecedented. In order to
advance our knowledge on the function and technological variability of
Neanderthal fire, more Middle Paleolithic combustion structures need to
be studied using similar multiproxy, microcontextual approaches. For
the specific case of H77, further experiments, including ones with single
and multiple-use pit hearths made on organic, inorganic, and wet sedi-
ment, need to be performed to test our present hypotheses.
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