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Abstract
Archaeostratigraphic study of the Stratigraphic Unit IV from theMiddle Palaeolithic site of El Pastor (Eastern Iberia) has resulted
on the definition of high-resolution analytical units mostly corresponding to Bmicro-palimpsests^ formed during more than a
single human occupation. Analysis of these anthropogenic assemblages has suggested their interpretation as remains from several
short-term occupations performed by MIS 3-4 Neanderthals. In this paper, we present an evaluation of this interpretative
proposal, focusing on the technical and spatial study of lithic refits. Our aim is to present an empirical work that also contributes
to the methodological discussion about refitting studies and behavioural interpretation related to Palaeolithic settlement
dynamics.

Keywords Middle Palaeolithic . Neanderthals . Settlement dynamics . El Pastor . Lithic assemblage formation . Lithic refitting

Introduction

Current research into Middle Palaeolithic has widely highlight-
ed formation processes analysis as the most significant require-
ment for the suitable behavioural and cultural interpretation of
archaeological assemblages (e.g. Adler et al. 2003; Conard
2001; Goldberg and Berna 2010; Goldberg and Macphail
2005; Machado et al. 2015; Mallol and Hernández 2016;
Mallol and Mentzer 2015; Mallol et al. 2013a, 2013b;
Martínez et al. 2015; Vaquero 2008). These efforts have been
principally focused on the definition of more temporally
bounded analytical frameworks that allows approaching past
human behaviours at time scales of analysis as close as possible

to the Bethnographic time^ (e.g. Bargalló et al. 2016; Carrancho
et al. 2016; Chacón et al. 2015; Gabucio et al. 2017, 2018;
Henry 2012; Machado et al. 2017; Martínez et al. 2004;
Romagnoli and Vaquero 2016; Rosell et al. 2012; Sánchez
et al. 2017; Sañudo et al. 2015; Spagnolo et al. 2016;
Vallverdú et al. 2005; Vaquero and Pastó 2001; Vaquero et al.
2012a, 2012b, 2015). This goal remains elusive given the dif-
ficulty that entails the accurate identification and ordering of
processes of overlapping, mixing and removing of natural and
anthropogenic materials that formed the archaeosedimentary
deposits (Audouze and Enloe 1997; Bailey 2007; Binford
1980, 1981; Isaac 1981; Lucas 2012; O’Connell 1987;
Schiffer 1985; Shott 2008; Stern 1993, 1994).
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To face such methodological constraints related to the widely
noted Bpalimpsest problem^, lithic refits have shown an important
informative potential for the recognition of temporal and spatial
relationships between areas and material accumulations. Also,
their study has been commonly used for assessing the impact of
post-depositional alteration on Palaeolithic deposits (e.g. Bleed
2002; Husmann 1990; Schmider and De Croisset 1990; Sumner
and Kuman 2014; Takakura 2018; Vaquero et al. 2001).

It should be also highlighted that lithic refits are key indicators
for high-resolution approaches to assemblage formation, since
their depositional stories are clearly related to specific human ac-
tions framed within a single occupation episode. Regarding the
study of behavioural and cultural dynamics, lithic refits do also
provide significant data about technical knowledge and skills of
Palaeolithic hominins. Furthermore, the combined study of their
technical and spatial features has been revealed as a potential tool
for approaching site function and duration of Palaeolithic human
occupations (e.g. Adler et al. 2003; Amick 2007; Conard and
Adler 1997; López et al. 2017; Machado and Pérez 2016;
Machado et al. 2013; Romagnoli et al. 2016, 2017; Thiébaut
et al. 2010; Vaquero 2008, 2011; Vaquero et al. 2012a, b, 2017).

The present work is a fine-grained approach to the
Stratigraphic Unit IV (SU IV) from the Middle Palaeolithic site
of El Pastor (Eastern Iberia) aimed to assess the behavioural
meaning of lithic refits within high-temporal resolution con-
texts. This study has been mostly supported on the
archaeostratigraphic isolation of high-resolution analytical
frameworks containing lithic, faunal and combustion remains.
Spatial analysis of these records was performed within each
isolated analytical unit. Lithic study was made from an inte-
grated perspective which included technical and spatial anal-
yses of raw material units (RMUs) and refits. Identified
refitting sets have provided information about assemblage for-
mation useful for the recognition of post-depositional process-
es and behavioural dynamics developed by MIS 3-4
Neanderthals. Discussion about the significance of El Pastor
lithic refits as indicators of the number, duration and function
of human occupations has been also included.

Our results suggest that the studied records were shaped by at
least 9 short-term occupations. This analysis has also reinforced
the consideration of a hearth-related assemblage as the most
reliable material trace from a single human occupation episode
at Middle Palaeolithic contexts (see Machado et al. 2015).

Materials and methods

Overview of El Pastor rock shelter
and the stratigraphic sequence

El Pastor is a rock shelter (60 m2) located at 820 m above sea
level in the Mariola mountains, near to the city of Alcoy
(Alicante, Eastern Iberia) (Galván et al. 2009; Machado et al.

2013; Molina et al. 2010; Pérez et al. 2017; Vidal et al. 2015,
2017). This rock shelter represents an eroded karstic tube within
a larger karstic network linked to the phreatic activity of the
nearby Serpis River. Its structure is made up of a limestone
cobble conglomerate framed within a Miocene Tortonian sedi-
mentary geological context (Fig. 1).

The sedimentary sequence known to date is 1.5 m thick and
has been divided into six Stratigraphic Units (SU I–VI) according
to macroscopic and micromorphological sedimentological
criteria. It was mainly formed by gravitational deposition of rel-
atively fresh micritic calcite and fossiliferous limestone cobbles
coming from the dismantling of the rock shelter. A very low
amount of clay is only presented as fine coatings and infillings.

The stratigraphic sequence is as follows (from base to top)
(Fig. 2):

• SUVI (unknown thickness): It has only been recognised in a
test pit near the back wall. It is composed of dark brown silty-
sandy sediment with 40% of clasts and gravel. Combustion fea-
tures associated to anthropogenic bone remains, lithics and char-
coal fragments have been recorded in this unit.

• SU V (25 cm thick): Excavation of this layer is currently
in process. It is composed of dark brown silty-sandy sediment
with a similar proportion of gravel to SU VI. Very few lithic
and faunal remains have been recovered so far.

• SU IV (70 cm thick): This is archaeologically rich stratum
formed by alternation of pebbly (Lithostratigraphic Units IVa,
IVc, IVe and IVg) and finer-grained, pale brown sandy-gravelly
layers (Lithostratigraphic Units IVb, IVd and IVf). Preliminary
thermoluminescence dates have indicated that archaeological
assemblages from this unit are older than 75 ± 10.000 ky
(Hernández et al. 2014). The present analysis focuses on an-
thropogenic lithic and faunal remains associated to 9 combus-
tion structures recovered from Lithostratigraphic Units IVb,
IVc and IVd.

• SU III (3–12 cm thick): This is a thin, discontinuous,
locally cemented pale brown layer of calcareous sand and
gravel. Archaeological finds are very scarce relative to the
other units.

• SU II (8–13 cm thick): It is a small relict of dark brown
sediment located in the NW corner of the excavation area,
truncated by SU I. A single combustion structure with bone
fragments around has been recorded in this unit.

• SU I (30–65 cm thick): It was formed by an indeterminate
number of episodes of Holocene sedimentation. Several hand-
made pottery fragments and Palaeolithic remains in secondary
position have been recovered from this unit.

Archaeostratigraphic analysis

Approaching archaeological assemblage formation processes en-
tails the definition of temporally bounded analytical frameworks
as closer as possible to the temporal scale within which human
behaviours occurred (i.e. Bethnographic time-scale^). This task
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has been performed using archaeostratigraphicmethods based on
the analysis of the location of lithic, faunal and combustion re-
mains recovered from the Lithostratigraphic Units IVb, IVc and
IVd (Figs. 2, 3, 4 and 5). Further, it is also significant to highlight
at this point that this analysis is based on an excavation surface
corresponding to the almost entire potential occupational area.

Archaeological record was three-dimensionally plotted in or-
der to isolate single beds of archaeostratigraphically correlated
anthropogenic assemblages within the SU IV deposit (i.e. our
Archaeostratigraphic Units). The identification of archaeologi-
cally sterile sediments representing time without human activity
and the stratigraphic location of the top of combustion features
(black layers and accumulations of burnt limestone cobbles) have

been considered as chief archaeostratigraphic landmarks for this
purpose (Mallol et al. 2013a; Stevenson 1991). All 3D plots and
longitudinal and cross-sectional profiles were performed consid-
ering the entire excavation surface and the microtopographical
features and natural sedimentation slope approached during field-
work, using ArcGIS® software (ArcMap v10.2.2 and ArcScene
v10.2.2).

Lithic analysis

Lithic records from each of the isolated high-resolution ana-
lytical units were studied from a depositional perspective in
order to approach temporal and behavioural indicators

Fig. 2 Picture showing
relationships between
stratigraphic, lithostratigraphic
and archaeostratigraphic data
from Pastor

Fig. 1 Overview of the
geological context and the Pastor
rock shelter; geographic position
of the site within the Iberian
Peninsula
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involved on their formation. This analysis was principally
focused on technical features and spatial distributions shown
by RMUs (Table 1) (e.g. Adler et al. 2003; Conard and Adler
1997; Roebroeks 1988; Vaquero 2008) and refitting sets.

RMUs were defined from a macroscopic comparative
study of cortex, opacity, halos, inclusions, grain size, texture

and colour presented by geological samples and archaeologi-
cal specimens. These diagnostic physical features revealed a
high degree of variability that has favoured the recognition of
RMUs and refits. RMU approach was also needed to recog-
nise specific knapping sequences performed within and out-
side the site, to discern the way in which lithic materials were

Fig. 4 East-to-west cross-sections of the Pastor IV archaeological assemblage

Fig. 3 Spatial distribution of faunal and lithic remains from Pastor Stratigraphic Units IV. a South-to-north general cross-section. b East-to-west general
cross-section
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transported and discarded and to establish spatial and temporal
relationships among particular areas of the excavation surface
and anthropogenic accumulations.

Refitting sets were classified according to the stage of the
reduction of nodules that they represent (cortex removal, plein
débitage or final reduction of cores). Then, technological

methods related to the production of these refitting groups
were recognised. It was also checked if a single reduction
scheme was applied (or not) to produce refitting sets from
RMUs including two or more of them. Further, the type of
blanks that are absent among refits and/or the remaining lithics
from each RMU was identified.

Fig. 5 General spatial distribution of lithic, faunal and combustion remains sorted by archaeostratigraphic units (1 m2 squares)

Table 1 Naming and general
quantitative data of studied
refitting sets

RMU Signature* Refits Refitted
specimens

Non-refitted
specimens

Refitted/non-refitted specimens
(%)

B1 S_B2 4 10 14 41.67/58.33

B2 B_B4 1 2 1 66.66/33.33

B3 M_B2 1 4 4 50.00/50.00

B4 B_B2 1 3 12 20.00/80.00

B5 B_B1 5 25 283 08.12/91.88

B6 B_B3 1 1 0 100.00/00.00

B7 M_B1 2 34 52 39.53/60.47

D1 B_D2 1 2 2 50.00/50.00

D2 S_D4 1 2 0 100.00/00.00

D3 S_D1 1 2 9 18.18/81.82

D4 B_D1 4 30 56 34.88/65.12

D5 S_D5 3 11 25 30.56/69.44

D6 S_D6 1 3 0 100.00/00.00

Total 25 129 458 129/458 specimens

21.98/78.02%Proportion (%) 21.98 78.02

*The signatures are formed by the kind of flint (S, Serreta;M, Mariola; B, Beniaia), the Lithostratigraphic Unit (B
from IVb, D from IVd) and an id number. These signatures were used in Machado et al. (2013)
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Spatiotemporal analysis and behavioural inference

This approach focuses on the study of spatial and temporal
relationships between archaeological materials framed within
each of the defined archaeostratigraphic units. Its main goal is
the identification of anthropogenic depositional events
representing human activities and determines—as far as
possible—their temporal relationships. This approach aims
to achieve two objectives:

1. To evaluate if our archaeostratigraphic units were formed
during a single occupation episode or more.

2. To evaluate if inferences about site function and duration
of human occupations could be proposed through the
studied records.

Following these purposes, we have performed a behaviour-
al approach from two different time scales of analysis:

- The Bassemblage level^. The archaeological record from
each archaeostratigraphic unit is considered as a whole for
behavioural interpretation. This is the less-detailed time scale
of analysis reachable through a behavioural approach (i.e.
analogous to formation lengths of our analytical units), since
only general trends can be identified this way (Vaquero et al.
2012a).

- Analysis of single activities. This analysis is based on the
recognition of single-activity episodes, which represent the
highest temporal resolution achieved by behavioural-
oriented research (Lucas 2012). Behavioural inference at this
level of analysis is based on the study of spatial and technical
features of raw material units and refits in the case of lithics.

Applying this approach, we could observe two kinds of
indicators of relative diachrony framed within a single occu-
pation or within more of them (intra-occupational and inter-
occupational diachronic indicators, respectively). Indicators
of inter-occupational diachrony are easily observable from
the described Bassemblage level^ approach. Overall, we con-
sider as such the amount of anthropogenic bones, lithics and
combustion remains, as well as the variety of faunal taxa and
geological raw material sources evidenced by them. Among
lithic artefacts, the number of RMUs and refits and the pres-
ence of recycling evidences are also considered as indicators
of inter-occupational diachrony. A high scattering degree of
archaeological remains is also interpreted as such, as it has
been widely highlighted elsewhere (e.g. Binford 1980, 1981;
Isaac 1981; Schiffer 1985; Stern 1994).

Defined analysis of single activities provides us the tempo-
ral scale of analysis needed to identify indicators of intra-
occupational diachrony. That is because an ideal approach to
the number, duration and function of occupation episodes only
could be possible through an accurate recognition of single
activities and their temporal relationships. Therefore, the fol-
lowing has been considered as indicators of intra-occupational

diachrony; the presence of clear spatial relationships between
hearths and bone and lithic remains resulted from single ac-
tivities, the lowest degrees of spatial scattering displayed by
anthropogenic material, homogeneity among lithic raw mate-
rials and faunal taxa and a low amount and variety—or even
the absence—of combustion features, RMUs and refits.

Performed spatiotemporal analysis of refitting sets from
our analytical units has been focused on unravelling their sig-
nification as relative diachronic indicators. The following var-
iables have been used for this purpose: general spatial distri-
bution of refitted remains, their spatial relationships with other
anthropogenic materials and their spatial distribution sorted by
technical criteria.

Results

Several Archaeostratigraphic Units (AUs) were defined with-
in El Pastor SU IV deposit by a previous analysis (AUs IVa, IVb
and IVc1), which has been already published elsewhere
(Machado et al. 2013). The definition of the remaining AUs
resulted from the present study (AUs IVc2 and IVd1) (Figs. 3
and 4). Results from the performed integrated analysis of spa-
tial and technical features shown by RMUs and refits are also
empirical contributions from this work.

Lithic record from the SU IV is integrated by 715 flint
artefacts. A total of 587 have been ascribed to any RMU,
and 129 of them have been refitted in 25 refitting sets
(Table 2). These refits were classified into three groups ac-
cording to their technical features within the framework of
their corresponding RMUs:

• Single short knapping sequences: This type of refitting
sets is integrated by a small amount of items representing a
single short reduction sequence. They are the only refits from
their respective RMU in all cases. Four refitting sets from the
AU IVb (R5–7 and R13) and other four ascribed to the AU
IVd1 (R15–17 and R25) correspond to this refit-type.

• Several short knapping sequences: This group is formed
by at least two independent refitting sets belonging to the same
single raw material mass. Refits from this group were recov-
ered from the AUs IVb (R1–4) and IVd1 (R22–24) (Table 3).

• Almost entire knapping sequences: This type of refitting
set represents the almost total reduction of a single nodule. We
have identified three of them in this work (R8–12 and R14a–c
from the AU IVb and R18–21from the AU IVd1) (Table 3).

Archaeological contents and results from performed anal-
yses for each AU are presented below.

Archaeostratigraphic unit IVb

Anthropogenic assemblage from the AU IVb is the widest one
and comprises 3 hearths (H3, H4 and H5), 445 lithics and 159
faunal remains (Table 4). Among lithics, 79 specimens have
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been refitted into 15 refitting sets (R1–15) belonging to 7
RMUs (RMUs B1–7) (Table 1).

Most of the items comprising IVb refitting sets formed a
main accumulation spatially related to one of the combus-
tion structures (Figs. 5, 6, 7 and 8). This is the case of
refitting sets R1–4 (RMU B1), R6 (RMU B3), R7 (RMU
B4), R8–12 (RMU B5) and R14a–c (RMU B7) (Table 3).
However, it should be noted that some of their elements are
scattered away from the principal clusters. Usually, the
core is the most distant element, as it can be observed in
the case of R14b or R12. Finally, it should be also
highlighted that refit R13 (RMU B6) is the only one that
presents a significant vertical scattering caused by post-
depositional processes (Machado et al. 2013).

Further, specific spatial relationships between RMUs
including refitting sets and the top of burnt surfaces from
combustion structures have been revealed by a detailed
archaeostratigraphic study of their vertical locations.
This analysis has determined the existence of at least three
depositional events including lithic refits and a single
hearth (RMUs B5 and B4 and H5 belong to the oldest
depositional episode, RMU B7 and H3 to the intermediate

one and RMUs B1 and B2 and H4 to the most recent one)
(Table 3).

Archaeostratigraphic unit IVc1

Anthropogenic record from the AU IVc1 is structured as a
hearth-related assemblage formed by the hearth H6, 95
faunal remains (Table 4) and 22 lithics without any
refitting set (Table 2). This lithic assemblage is integrated
by 6 RMUs and 2 single tools transported to the site al-
ready configured.

Archaeostratigraphic unit IVc2

Anthropogenic record from the AU IVc2 is integrated by an
archaeostratigraphically correlated assemblage formed by 18
lithics, 184 faunal remains (Table 4) and a single combustion
feature (H15). This latter is shaped by an accumulation of
burnt limestone cobbles and blocks that represent the material
trace of a partially dismantled hearth (Fig. 5). This combustion
feature and the original distribution of several archaeological
remains have been slightly altered by the gravitational

Table 2 General technological
and quantitative data sorted by
archaeostratigraphic units

Archaeostratigraphic unit IVb

(466 lithic finds) flint types: 341 Beniaia, 97 Mariola, 28 Serreta; 5
retouched flakes

Levallois
production

Non-Levallois
production

Cores 5 3

Cortical flakes 5 66

Flakes 108 269

Core-flakes 2

Fragments 8

Archaeostratigraphic unit IVc1

(22 lithic finds) flint types: 7 Beniaia, 1 Mariola, 14 Serreta; 7 retouched
flakes

Levallois
production

Non-Levallois
production

Cores 4

Cortical flakes 9

Flakes 7

Fragments 2

Archaeostratigraphic unit IVc2

(18 lithic finds) flint types: 3 Beniaia, 12Mariola, 2 Serreta, 1 unknown;
5 retouched flakes

Levallois
production

Non-Levallois
production

Cortical flakes 1 1

Flakes 8 8

Archaeostratigraphic unit IVd1

(198 lithic finds) flint types: 84 Beniaia, 16 Mariola, 92 Serreta, 6
indeterminate; 5 retouched flakes

Levallois
production

Non-Levallois
production

Cores 2 2

Cortical flakes 67

Flakes 26 93

Core-flakes 3

Indeterminate 5
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deposition of limestone cobbles from the roof that formed the
top of the Lithostratigraphic Unit IVc.

Lithic record from the AU IVc2 is the less numerous
among defined AUs within the SU IV. It includes 3
RMUs without any refitting set and 5 transported tools
(one of them is made on an unknown flint type) (Table 2).

Archaeostratigraphic unit IVd1

Anthropogenic record from the AU IVd1 is formed by
198 lithics, 228 faunal remains (Table 4) and four com-
bustion structures (H8, H9, H11 and H14) (Fig. 5).

A total of 132 lithics belongs to 6 RMUs (RMUs D1–D6)
and 50 of them have been refitted into 11 refitting sets (R15–
25) (Tables 1 and 5).Most of the items from these refitting sets
were located in a single main accumulation (Figs. 5 and 9).

Table 3 Technical features and
main archaeostratigraphic
information from refitting sets
and RMUs

RMU Group Refit Tech.
features

Relation to
hearth

Spatial features

B1 Several short
sequences

R1 RCL H4 Main accumulation with few
elements awayR2 Uni non-L

R3 RCL

R4 RCL

B2 – R5 RCL-like
flake

–

B3 Short seq. R6 RCL H4

B4 Short seq. R7 Uni non-L H3

B5 Almost complete
nodule

R8 RCL H5
R9 RCL

R10 RCL

R11 RCL

R12 RCL1

B6 Short seq. R13 Non-L H4? Horizontal and vertical dispersion

B7 Almost complete
nodule

R14a Unipolar H3 Main accumulation with few
elements awayR14b Non-L

R14c RCL2

D1 Short seq. R15 RCL H9 Main accumulation
D2 Short seq. R16 Uni non-L

D3 Short seq. R17 RCL H10

D4 Almost complete
nodule

R18 Uni non-L H9
R19 Uni non-L3

R20 Orth non-L

R21 Uni non-L

D5 Several short
sequences

R22 Cortex
removal

R23 RCL

R24 Uni2,4

D6 Short seq. R25 Cortex
removal

1 Final more secant extractions. 2 Small-sized products. 3 Elonged products. 4 One of these 7 flakes is Kombewa

RMU, rawmaterial unit; tech., technological;Uni, unidirectional extractions; RCL, recurrent centripetal Levallois;
non-L, non-Levallois; orth, orthogonal extractions

Table 4 Available
quantitative faunal data
from Pastor SU sorted by
Lithostratigraphic Units
(Machado et al. 2013;
Sanchis et al. 2015;
Leopoldo J. Pérez pers.
com. 2019). Bone
remains recovered from
the sieve are also
included

Family Lithostratigraphic Unit

IVb IVc IVd

Bovidae 14 34 5

Canidae 1 – 1

Caprinae – – 22

Cervidae 8 2 18

Corvidae 2 – 2

Equidae 5 2 –

Leporidae 3 2 8

Rhinocerotidae 6 – –

Suidae 1 – –

Testudinidae 5 108 129

Indeterminate 114 214 136

Total 159 362 321
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Discussion

Defined high-resolution analytical contexts representing
archaeostratigraphically synchronic anthropogenic assem-
blages do not correspond necessarily to single human occupa-
tion episodes. Diachronic indicators identified within them
have shown that even when working at a temporal scale of
analysis close to the ethnographic time, the Bpalimpsest
problem^ persists in most cases. This difficulty has been evi-
denced by performed technical and spatial analyses involving
RMUs, refits, hearths and faunal remains, used to distinguish

between activities carried out during a single human occupa-
tion (intra-occupational diachrony), and those corresponding
to several occupations (inter-occupational diachrony).
Resulting data have indicated the presence of inter-
occupational diachronic indicators in all the analytical units,
except for the AU IVc1. The absence of these temporal markers
allows proposing as hypothesis that IVc1 anthropogenic mate-
rial was deposited during a single occupation episode.

In this sense, it should be highlighted that IVc1 record is
clearly structured as a hearth-related assemblage (Vaquero
and Pastó 2001), widely considered as the most reliable

Fig. 6 Spatial distribution of R12 and R10 (RMU B5)

Fig. 7 Spatial distribution of
RMU B4. Distribution of Refit
R7 has been also indicated
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material imprint of a single human occupation from the
Middle Palaeolithic (see Machado et al. 2015). It can be also
noted the scarce taxonomical variability shown by the faunal
record (90% Testudinidae) (Sanchis et al. 2015), the lack of
evidences of on-site knapping activity such as refits, the low
amount of lithic remains and their technical and morphologi-
cal features (prevalence of tools brought to the site already
configured and the low number of RMUs, formed by a few
items). Further, performed geoarchaeological analyses (in-
cluding micromorphological data) at the top of the
Lithostratigraphic IVc (where the deposition of materials from
the AU IVc1 occurred) have not revealed significant post-
depositional alterations (Machado et al. 2013).

A hypothetical consideration of AU IVc2 assemblage as
result from a single human occupation could be supported
on the scarcity of material remains, the presence of a single
hearth and the low amount (18) and features (3 RMUswithout
any refitting set and 5 transported tools) shown by lithics.
However, other indicators have suggested to be cautious in
this sense (in addition to the variability of faunal taxa and
the mentioned alteration produced by roof collapse)
(Table 4). First, the synchrony of the accumulation nearby
the back wall and the remaining IVc2 assemblage can be
discussed. In spite of the evidenced archaeostratigraphic rela-
tionship between them, the original position of the assemblage
that was recovered close to the back wall could have been
modified by post-depositional alterations (sporadic water

flows and bioturbation). Location of this assemblage directly
above of materials related to one of the hearths from the UA
IVd1 (H14) reinforces its separation from the remaining IVc2
record. Further, the only two artefacts from the mentioned
accumulation cannot be related to any other AU IVc2 lithic
remain by belonging to the same RMU or refitting set.

Archaeostratigraphically correlated assemblages shaping
AUs IVb and IVd1 could be initially considered as results from
single long-term occupations. However, the existence in both
units of inter-occupational indicators as several hearths, faunal
records showing an appreciable taxonomical variability
(Table 4) and significant evidences of knapping have sug-
gested that their formation lengths could represent more than
a single human occupation.

Performed archaeostratigraphic and spatial studies in IVb
have allowed us to identify three main depositional episodes
including several specific events. The oldest episode is formed
by a refit that represents a cortex removal stage (RMUB4) and
several refitting sets belonging to the same single flint mass
(RMU B5). All of them are spatially related to H5 (Fig. 6).
RMU B5 also shows the widest spatial scattering within the
AU IVb and H5 is the worst preserved hearth of the assem-
blage. Both features can be explained by the alteration pro-
duced by the following occupations of the rock shelter.

RMU B5 represents an in situ Levallois reduction of an
almost complete nodule (Figs. 6 and 10). Physical disconnec-
tion between their refitting sets has been interpreted as the

Fig. 8 Spatial distribution of RMU B7
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evidence of transport and use of several blanks out of the site.
These Bmaterial gaps^ and the on-site knapping activity evi-
denced by refitting sets from this RMU could be interpreted as
an indicator of intra-occupational diachrony. These mentioned
features could be representing several trips geared to perform
specific activities out of the site while the human group was
settled on the rock shelter. However, remains from RMU B5
could be also interpreted as the result of on-site provisioning
and recycling of a partially reduced core during subsequent
occupations.

The next depositional episode from IVb is characterised by
a directional non-Levallois reduction of an almost entire flint
nodule (RMU B7) next to H3. This sequence was clearly
conditioned by its poor quality for knapping. Most of resulted
products from this process (including two cores) were clus-
tered in a main accumulation. However, a third refitting set
belonging to RMU B7 (refit R14c) was relatively scattered
away from this accumulation and also showed a different
technical trend (centripetal reduction of a flake core)
(Fig. 8). This sequence could be also highlighted as a clear
evidence of intentional production of small-sized flakes (<
2.5 cm long) (e.g. Ríos et al. 2015; Vaquero et al. 2012c).

These three described knapping activities related to
RMU B7 are probably reflecting different depositional
stories in occupational terms. The two refitting sets that
represent non-Levallois sequences spatially related to H3
(R14a and R14b; Figs. 8 and 12) seem to belong to the
same human occupation. In this sense, it could be indicated
that items integrating these refits and most of the remaining
lithics from the RMU B7 are shaping the H3 hearth–related
assemblage. Also, both sequences represent attempts of
exploitation of two flint masses of poor quality following
the same technical strategy (Fig. 12).

On the other hand, different spatial and technical fea-
tures displayed by the third mentioned refitting group from
RMU B7 (R14c) could be considered as indicators of inter-
occupational diachrony. From this perspective, what seems
to be remarkable is its spatial location slightly away from
the main accumulation (being the core the farthest item
from the group). Further, this refitting set represents a de-
liberate production of small centripetal Levallois blanks
from a thick cortical flake, which could be interpreted as
an on-site recycling event occurred during a subsequent
occupation (Fig. 8).

Table 5 Quantitative and
technical data of studied refitting
sets sorted by
archaeostratigraphic units

AU* Refit RMU Technical features Represented reduction stage

IVb R1 B1 2 cortical flakes Cortex removal

R2 3 flakes Cortex removal

R3 Complete flake and 2 refitted flake fragments Production

R4 Core and flake Production

R5 B2 Refitted fractured flake Production

R6 B3 4 flakes Production

R7 B4 2 cortical flakes and flake Cortex removal

R8 B5 5 cortical flakes Cortex removal

R9 Flake with natural surface and flake Cortex removal

R10 7 flakes Production

R11 5 flakes Production

R12 Core and 5 flakes Production

R13 B6 Core Production

R14 B7 Full block fractured in 3 fragments Production

IVd1 R15 D1 Core and flake Production

R16 D2 2 cortical flakes Cortex removal

R17 D3 2 flakes Production

R18 D4 3 cortical flakes Cortex removal

R19 7 flakes Production

R20 17 elements from a single block fragment Almost complete sequence

R21 Core, cortical fragment and flake Almost complete sequence

R22 D5 2 cortical flakes Cortex removal

R23 2 refitted fragments from a flake Production

R24 7 flakes Production

R25 D6 2 cortical flakes and 1 flake Cortex removal

*Archaeostratigraphic unit
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Despite the above, the recognition of the R14c deposi-
tional event is only confirming the existence of a temporal
gap between it and depositional events involving the re-
maining RMU B7 refitting sets. Therefore, this temporal
gap could be framed within the same single occupation,
thus representing an indicator of intra-occupational
diachrony.

The most recent depositional episode from the AU IVb is
shaped by refitting sets from the RMUs B1 (Fig. 11) and B3
(R1–4 and R6, respectively), spatially linked to H4. The pres-
ence of six unburnt RMU B1 items resting on H5 leads to
think about a depositional event occurred after the use of the
hearth, thus confirming the diachronical relationship between
H4 and H5 (Fig. 5). In this sense, the better preservation state

shown by H4 could be also interpreted, probably performed
during the most recent human occupation from IVb.

The four refitting sets from the RMU B1 (R1–4) represent
several stages of a non-Levallois reduction sequence (cortex
removal, plein débitage production and final exploitation
stage including an almost exhausted core). On the other hand,
RMU B3 represents a single short centripetal sequence corre-
sponding to the typical convexity restitution of the Levallois
cores (Table 2). Numerous Bmaterial gaps^ between knapping
stages represented by both RMUs (Fig. 11) have evidenced
that most of the on-site knapping activity that shaped the most
recent depositional episode from IVb was geared to generate
products to be used outside. This technical trend was also
observed in the case of the oldest IVb depositional episode

Fig. 9 Spatial distribution of RMU D4 next to H9. Spatial distributions of refitting sets from this RMU (R20 and R21) are also shown

Fig. 10 Four refitting sets representing different reduction stages from RMU B5. BMaterial gaps^ between are also indicated (Ø)
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related to H5 (RMU B5). However, such feature has not been
recorded at the H3-related assemblage, where an on-site re-
duction of a single nodule is almost entirely represented
(RMU B7) (Fig. 12).

Provided data by our archaeostratigraphic and spatiotem-
poral analyses allow proposing that AU IVb was formed by at
least three human occupations. The material imprint displayed
by the described assemblages is in agreement to the consider-
ation of hearth-related assemblages as the most usual trace of a
single occupation from theMiddle Palaeolithic. However, sig-
nificant behavioural differences related to the management of
lithic resources have been identified within these hearth-
related records.

Within the oldest one and the most recently deposited
hearth-related assemblages, Bmaterial gaps^ between refitting
sets demonstrated knapping activities aimed at producing
blanks to be used outside (RMUs B1, B3 and B5). On the
other hand, RMUB7, linked to the remaining IVb depositional
episode, shows an on-site reduction of a single nodule and
also includes the possibility that a thick flake resulted from
this process was used as a core during the subsequent occu-
pation (i.e. a possible recycling episode). Different technical
methods used (centripetal Levallois) and the spatial

distribution shown by this refit (the only group of items from
RMU B7 that does not show a clear spatial relationship to
hearth H3) are remarkable in this sense.

The AU IVd1 is also shaped by archaeostratigraphically
synchronic hearth-related assemblages (Fig. 5). All the
refitting sets and most of the RMUs from this unit were clearly
spatially related to one single combustion structure (Fig. 9).
This absence of any bidirectional spatial relationship between
accumulations around hearths shown by lithics has reinforced
their consideration as independently deposited records. The
farthest away accumulation around H14 can be pointed out
as the most illustrative example of such possibility.

Indeed, such depositional interpretation is also supported on
potential inter-occupational diachronic indicators identified with-
in the AU IVd1, such as the already noted presence of several
hearths (Fig. 5), the taxonomical variability revealed by faunal
remains (Table 4) and their relative high degree of scattering
between hearths H8, H9 and H11. Therefore, this lack of any
strong indicator of intra-occupational diachrony leads to think
that the formation of the AU IVd1 assemblage corresponds to a
minimal amount of four human occupation episodes.

Conclusions

Our results have demonstrated the feasibility of isolating high-
temporal resolution analytical units from which to approach
more suitable time scales for analysing behavioural and cul-
tural dynamics of Palaeolithic groups. Performed integrated
technical and spatiotemporal analysis has also highlighted that
lithic refits can provide significant intra-occupational and
inter-occupational diachrony indicators for unravelling the
formation lengths of horizontal palimpsests. In this sense, it
should be remarked that this approach is based on an excava-
tion surface corresponding to the almost entire potentially oc-
cupied area.

Fig. 12 Refitting R14a from RMU B7

Fig. 11 Three refitting sets from RMU B1. BMaterial gaps^ between are
also indicated (Ø)
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Presented temporal approach has permitted to raise several
interpretations about the meaning of our high-resolution units
in occupational terms:

• The AU IVd1 assemblage represents, at least, four single
human occupation episodes.

• Assemblage from the AU IVc2 has no lithic refits. Only
the accumulation spatially linked to H15 could correspond to
a single occupation episode, although this hypothesis needs to
be explored in depth.

• The AU IVc1 has not yielded any clear indicator of inter-
occupational diachrony. Its spatial distribution and material
features allow us to consider such unit as the material imprint
of a single occupation episode.

• The AU IVb represents a diachronic succession of at least
three human occupation episodes.

The interpretation of the studied Middle Palaeolithic as-
semblages responds to a model of short-term occupations,
focused on activity areas shaped as hearth-related assem-
blages. Also, observed behavioural trends and specific actions
concerning lithic resources management could support infer-
ences about site-function variability. In this regard, what could
be highlighted are the recorded intentional production of
small-sized flakes in AU IVb (< 2.5 cm long), the proposed
interpretation of the RMU B5 (AU IVb) as an indicator of
intra-occupational diachrony (several trips to outside framed
within a single human occupation of the rock shelter) and the
prevalence of on-site knapping activity shown within specific
units (IVb and IVd1) and its lack within others (IVc1 and IVc2).
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