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Abstract: The Oscurusciuto Rockshelter (Ginosa, Southern Italy) is a perfect sample-site for the 

reconstruction of multiple aspects of the last Neanderthals life. Different settlement strategies are 

attested in the excavated portion of the stratigraphic sequence, dated between ~ 55 and 43 ka BP. 

As a first goal, the reconstruction of the site spatial organization across the palimpsest SU 11 was 

achieved by a high-temporal-resolution approach (assisted by sedimentological analysis), 

integrating lithic technology, zooarchaeology and spatial analysis (by means of the GIS 

technology). As a second goal, a diachronic perspective was adopted by comparing results from SU 

11 with the previously studied evidence from the underlying SU 13. Results were processed at a 

diachronic scale, highlighting similarities and differences related both to the type of activities 

carried out at the site and to their spatial management. This allowed us to recognize discontinuities 

and, especially, continuities of settlement dynamics, which can be related to phenomena of cultural 

transmission hinting to a “memory of places”. Such results stimulate the debate not only on the 

necessity to study Middle Palaeolithic contexts at different temporal scales but also on the necessity 

to develop more refined multidisciplinary analytical protocols. The study of settlement dynamics at 

high-resolution scales allows to take advantage of the potentialities of contextual analysis i.e. the 

integration of results from different disciplines and data from the whole range of archaeological 

evidence in order to reconstruct solid behavioural models. 
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Introduction 

 

The rich cultural legacy of Neanderthal, found in the Mousterian sequences of Eurasia, appears to 

be inexorably constrained in a kind of “Neanderthal Paradox”: Neanderthals seem to be condemned 

to represent the shadow of Modern Humans (MH), in the form of a perfect alter ego, deprived of 

their own identity. This paradox is particularly evident when the crucial issue of the Neanderthal 

demise and of their replacement by MH is taken into account. Sometimes, the explanatory hy- 

potheses imply a preconceived idea of “modernity”, which con- stitutes the borderline between the 

“Neanderthal behaviour” and the “Modern behaviour”, implicitly creating the dichotomy “archaic” 

vs “modern” (Mellars and Stringer 1989; Mcbrearty and Brooks 2000). This approach, de facto, 

flattens the actual variety of the Neanderthal and MH cultural expressions to ide- alized concepts, 

where the Neanderthal (but also MH) becomes a mere imperfect replica of the idealized icon of the 

MH, im- plying a significant loss of past cultural diversity. A complex issue as human behaviour 

(or the reconstruction of Palaeolithic societies) cannot be inferred through wide-ranging generaliza- 

tions, i.e. the occurrence of a single evidence with an assump- tive symbolic meaning in the 

archaeological record (which by its nature is residual), without a contextual and multifocal anal- 

ysis of the whole range of data. In the scientific debate, the authentic meaning of the “Neanderthal 

behaviours” vs the “MH behaviours” and the evaluation of the actual reliability of these concepts 

represent a significant epistemological gap. The need for an in-depth knowledge of the 

“Neanderthal be- haviour” implies a Neanderthal re-evaluation in its own terms. In other words, a 

multidisciplinary, integrated and contextual approach is essential to recognize which diagnostic 

parameters can be used to isolate the range of behavioural diversity expressed by Neanderthals. 

The current scientific research has achieved very high stan- dards, not only thanks to the 

development of cutting-edge ana- lytical tools and protocols but also thanks to an increasingly 

multidisciplinary approach and to the integration of results, which allow gaining a multifocal 

perspective. As a conse- quence, a real comprehensive approach to the study of the be- havioural 

variety of the Mousterian appears to be emerging in scientific praxis. However, a consolidation 

phase of the theo- retical and practical approaches is still needed. Spatial Archaeology (Clarke 

1977), in this sense, constitutes the natural terrain in which the best convergence between multifocal 

per- spective, contextual archaeology (e.g. Carr 1991; Hodder and Hutson 2003) and behavioural 

approach (e.g. Leroi-Gourhan 1964; Newell 1987; Schiffer 1972, 1975a, 1975b) can be expressed. 

This pivotal role of Spatial Archaeology derives not only from the scientific background of the 

discipline and its multidisciplinary nature but also from the outstanding devel- opment of the GIS 

technology, to date perfectly integrated with the DataBase Management System and accurate 3D 

models (e.g. Conolly and Lake 2006; Dell’Unto 2014). Contextual and multivariate analysis, typical 

of the spatial approach, allow to frame data coming from different disciplines, endowing it with an 

increased epistemological value. However, the exact- ness of results is strictly linked both to the 

problem of archaeological visibility and to the need of a correct use of data. For this purpose, proper 

analytical procedures and, primarily, a concrete workflow (involving a taphonomic step, 

preventively to the “spatial-functional” one) are required. A contextual and spatial approach can, 

thus, help to formulate a more comprehensive and multi-scalar reconstruction of the Palaeolithic 

hunt- er-gatherers’ economies, societies and behaviours. 

A large sample of Neanderthal sites in Europe and the Near East has the potentialities to disclose 

high-resolution chronicles, in presence of good preservation of the contexts and of stratigraphic 

characteristics such as living-floors, other kind of short-term palimpsest and/or dissected 



palimpsests (e.g. Angelucci et al. 2018; Bargalló et al. 2016; Bataille 2006; Carrión and Walker 

2019; Chacón et al. 2015; Clark 2015, 2017; Depaepe 2004; Fenu et al. 2002; Folgado and Brenet 

2010; Gabucio et al. 2014, 2018; García-Moreno et al. 2016; Hayden 2012; Henry 2012; Jaubert et 

al. 2016; Leierer at al. 2019; Lembo et al. 2012; Machado and Pérez 2016; Machado et al. 2013, 

2019; Martínez-Moreno et al. 2016; Mellars 1996; Modolo and Rosell 2017; Moreau and Locht 

2017; Moroni et al. 2019; Neruda 2017; Ortiz Nieto-Márquez and Baena Preysler 2017; Peresani et 

al. 2011; Peretto et al. 2004; Plavšić 2015; Real et al. 2018; Romagnoli and Vaquero 2016; 

Ronchitelli et al. 2011; Sañudo et al. 2012, 2016; Spagnolo 2017; Speth and Tchernov 2001; Speth 

et al. 2012; Valensi et al. 2013; Vallverdú et al. 2010; Vaquero 2008; Vaquero et al. 2012; 

Wiśniewski et al. 2013, 2019). Nevertheless, only some of them are studied with a multidis- 

ciplinary and spatial approach. These sites are characterized by different chronological, 

geomorphological, paleoclimatic and contextual conditions. This means that a wide range of data 

can be collected on the diversity of Neanderthal behav- iour and adaptations. Prospectively, this can 

represent a new opportunity to compare Neanderthals and MH from a neutral viewpoint. 

From this standpoint, the Oscurusciuto Rockshelter (Southern Italy) is a perfect sample-site. As the 

first point, the richness of its stratigraphic sequence and the differences and similarities in the 

macroscopic organizational patterns within each anthropogenic layer (e.g. Boscato and Ronchitelli 

2017) allow pioneering studies to be carried out. As second point, the excavated part of the 

stratigraphic sequence of the site falls in the crucial phase between 55 and 40 ka BP, when the 

Neanderthal demise and the demographic replacement by MH occurred. In this period, the Italian 

peninsula was characterized by the presence of both Mousterian and Uluzzian techno-complexes. 

Moreover, the Oscurusciuto Rockshelter is located in a crossroad between two agglomerations of 

MIS 3 Palaeolithic sites: the cluster of Salento at South-East (e.g. Grotta del Cavallo, Grotta di 

Uluzzo C, Grotta di Uluzzo, Grotta di Serra Cicora A, Grotta Mario Bernardini and Grotta 

Romanelli), the group of Campanian sites at West (Grotta di Castelcivita, Riparo del Poggio and 

Grotta della Cala). The Mousterian of this area is characterized by a predominance of Levallois 

debitage used in a variety of methods. That is to say, at Oscurusciuto (Marciani et al. 2016, 2018; 

Ranaldo 2017; Marciani 2018), Poggio (Caramia and Gambassini 2006; Boscato et al. 2009), and 

Castelcivita (Gambassini 1997) the Levallois was utilized in recurrent unipolar and convergent mo- 

dalities which, at the end of the reduction sequence, usually switched to a centripetal or preferential 

mode. At Romanelli, the Levallois sequence follows two dominant modalities: the centripetal and 

the unidirectional. At Bernardini and Uluzzo C (Spinapolice 2018), the recurrent centripetal 

Levallois predom- inates. These productions were aimed at producing both flakes, points and 

blades. The production of blades is found at Poggio (Caramia and Gambassini 2006), Castelcivita 

(Gambassini 1997), Oscurusciuto (Ranaldo 2017; Marciani 2018), Cavallo and Bernardini 

(Carmignani 2011). The discoid debitage is documented at Cavallo SU FII-FIIIa (Carmignani 2011) 

and Bernardini B1 (Carmignani 2011). At Oscurusciuto SUs 1–4 (Ranaldo 2017), Cavallo FIIIe-

FIIIb (Carmignani 2010, 2011) and Bernardini B3 (Carmignani 2011) is also documented a unipolar 

volumetric debitage aiming at producing blades and sporadically bladelets; the latter are notably 

represented at Oscurusciuto SUs 11–15 (Marciani et al. 2016; Marciani 2018) and Cavallo 

(Carmignani 2010). A systematic produc- tion of scrapers, mostly side-scrapers is attested. In the 

same area, the Uluzzian techno-complex occurs in the Uluzzo Bay (Uluzzo C, Uluzzo, Serra Cicora, 

Bernardini) especially at Cavallo where it was defined (Palma di Cesnola 1964, 2004), at 

Castelcivita and Cala where it is also followed by the Protoaurignacian which seems to be absent in 

the region of Salento. From the technical point of view, the Uluzzian marks a sharp break with the 

former and partially coeval Mousterian techno-complex. At Uluzzo C (study ongoing), Cavallo 

(Moroni et al. 2013, 2018), Castelcivita (Gambassini 1997; study ongoing), Cala (De Stefani et al. 



2012) the Levallois which has dominated the Mousterian in all its forms is absent, whereas the 

production is dominated by a unipolar volumetric debitage with a slight or none management of the 

striking plat- forms and lateral and distal convexities. There is a dominant use of the bipolar 

technique on anvil and flakes and blades of min- imal dimensions as primary objectives of debitage 

(Moroni et al. 2013, 2018; Marciani et al. 2019). The lunates, followed by end-scrapers, are the new 

retouched tools which characterize the Uluzzian. Such tools are very abundant at Cavallo during the 

evolved phase EII-I (Moroni et al. 2013, 2018; Sano et al. 2019) and less represented in the other 

Uluzzian sites Uluzzo C, Castelcivita, Cala. 

The purpose of this work is to understand the spatial orga- nization of a sequence of Mousterian 

camp-sites recorded in the Stratigraphic Unit 11 of the Oscurusciuto Rockshelter and to compare 

results with the evidence from the underlying and already studied SU 13 (Marciani 2018; Marciani 

et al. 2016, 2018; Spagnolo 2017; Spagnolo et al. 2016, 2019), in order to gain a diachronic 

overview on the evolution of settlements dynamics within these palimpsests. The archaeological re- 

mains coming from the SU 11 were studied from a multidis- ciplinary and integrated perspective, 

with a behavioural ap- proach. More specifically, data coming from lithic finds (di- mensional 

classes and technology) and faunal remains (di- mensional classes and burned/unburned state) were 

analysed with statistical and geostatistical methods, also in relation to the presence and position of 

several hearths. Finally, a high- temporal-resolution and diachronic perspective were applied in 

order to follow the evolution of the camp-sites in the SUs 13-11 sequence, integrated to the 

sedimentological analysis of this sequence. This has made it possible to gain a deeper perspective 

on the historical processes that shaped the struc- ture of a Mousterian site at about 55 ka BP. 

 

 

The site and the SU 11 

 

The Oscurusciuto Rockshelter is located on the hydrological right of the ravine of Ginosa (Southern 

Italy), about 20 km NW from the current Ionian coast, opening in a friable Pleistocene calcarenite 

(Fig. 1a). Research have been ongoing since 1998 by the Research Unit Prehistory and 

Anthropology of the University of Siena (Department of Physical Sciences, Earth and 

Environment). The stratigraphic sequence extends down- wards (reaching about 60 m2 at the base) 

and is about 6 m deep. The excavated part of the deposit (SUs 1–15), about 3 m deep, is attributable 

to the final stage of the Middle Palaeolithic (Fig. 1b). This is shown by available dates deriving 

from the tephra SU 14 (identified with the Mt. Epomeo Green Tuff of Ischia, of about 55 ka BP) 

and by a 14C date of a burned bone from the base of the SU 1 (38.5 ± 0.9 ka BP e AMS, Beta-

181165; cal. 42.724 ± 0.716 ka BP) (Higham et al. 2014). 

The excavated portion of SU 11 (about 11 m2) is delimited to N, S and W by stratigraphic baulks, 

to E by an erosional line. It is a massive sandy Unit. Vertical gradients of the an- thropogenic 

signals are detected in SU 11. In particular, a 2– 3 cm thick sediment, locally characterized by a 

rarefaction or absence of anthropogenic evidence, was discontinuously in- terposed between the 

upper and the lower part of the layer, both rich in hearths and finds (Fig. S1). The boundary 

between SUs 11 and 13 is abrupt, due to their different sedimentolog- ical composition (SU 13 is a 

mixture of tephra and sandy sediment). The thickness of SU 11 is not homogeneous (Fig. S1), 

ranging between ~ 10–13 cm (in the northern part of the excavated area, subdivided into two spits) 

and ~ 20 cm (in the southern part of the excavated area, subdivided into three spits). Many hearths 



(made in sub-circular shallow pits with a flat bottom and a “bowl” shape section) and ash/charcoal 

patches were found in SU 11. The hearths differ in size: the smaller ones have an average diameter 

of about 25 cm, where- as that is 50 cm in the larger ones. To this regard, it seems comparatively 

interesting that among the ten hearths present in SU 13, only one corresponds to the larger size 

module of SU 11, while the other ones have a median diameter of 24 cm (Boscato and Ronchitelli 

2017). Schematically, in the lower spits (SU 11/2 and 11/3) only small hearths were present (SUs 

53A1, 53A2, 56, 61, 62, 63, 64, 65, 66, 68, 69, 70, 71, 72, 73), while in the upper spit (SU 11/1) 

both small (SUs 46, 49, 51, 59, 60, 67) and large (SUs 10, 44, 45, 47, 48, 50, 52, 53, 54, 55, 57, 58) 

hearths were recorded (Figs. 2, 3; Table S1). 

 

 

Fig. 1 Localization of the site (a); stratigraphic scheme of the currently excavated units 

 



Material and methods 

 

The approach applied in the study of SU 11 is mostly the same successfully tested for SU 13 

(Marciani 2018; Marciani et al. 2016, 2018; Spagnolo 2017; Spagnolo et al. 2016, 2019), enriched 

by a diachronic perspective on the settlement dynamics. 

  

Sedimentological analysis of SUs 13–11 

 

The clastic sequence is investigated with bed-by-bed sedimento- logical logging and architecture 

line-drawings. The descriptive sedimentological terminology used is from Collinson et al. (2006), 

integrated with specific concepts for cave/shelter clastic sediments from Karkanas et al. (2007) and 

Martini (2011). 

 

Palimpsest dissection of SU 11 

 

Preliminarily to the study of materials, a dissecting of the SU 11 palimpsest was attempted, in order 

to gain a higher tempo- ral resolution for the reconstruction of the settlement dynam- ics. 

Differently, from SU 13 (a short-term palimpsest), SU 11 represents a long-term palimpsest. This 

fundamental differ- ence significantly affects the archaeological visibility of these sample layers: 

this was taken into account in order to calibrate the analytical process. 

As the possible presence of two sublayers in SU 11 is sug- gested by excavation report (“The site 

and the SU 11”), the palimpsest dissection was carried out, in order to corroborate this subdivision 

and to verify the correlation between actual sublayers and excavation spits (made following, when 

possible, the vertical gradients of materials). For this purpose, the recog- nition of possible hiatuses 

between archaeo-stratigraphic sub- units was performed by items recovered with cartesian coordi- 

nates (both lithics and faunal remains), then the goodness of the association between excavation 

spits and actual archaeo- stratigraphic sub-units was statistically evaluated. 

 



 

Fig. 2 Matrix of the stratigraphic relations among the hearths and charcoal/ash patches in 

Unit 11, with reference to their relative dimensional class 

 



 

Fig. 3 General planimetries of SU 11, with relative distribution of the hearths in the upper (a) 

and in lower (b) parts of the unit 

 

 

More specifically, in the SU 11, 1302 items were recovered with their cartesian coordinates (950 

lithic finds and 352 faunal remains). These plotted pieces constitute a significant sam- ple to test the 

occurrence of hiatuses in the vertical distribution of archaeological finds (e.g. Adler et al. 2003; 

Anderson et al. 2018; Baena Preysler and Torres Navas 2019; Bargalló et al. 2016; Bunn et al. 

1980; Canals et al. 2003; Chadelle 2000; Diez-Martín et al. 2014, 2017; Gravina et al. 2018; López- 

Ortega et al. 2017; Machado et al. 2013, 2019; Martínez- Moreno et al. 2004, 2010, 2016, Martínez-

Moreno et al. 2019; Mora et al. 2018; Real et al. 2018; Sánchez-Romero et al. 2017; Sañudo et al. 



2016; Vaquero 2008; Vaquero et al. 2015). The plotted finds, despite their relative high num- ber, 

do not constitute a dense enough cloud of points suitable to perform the vertical profiles analysis 

along 25 or 20 cm wide transects. Therefore, 50 cm wide transects were taken into account for this 

analysis, both with N-S (YZ axes) and W- E (XZ axes) orientation, covering the excavated area. 

The internal coherence of the identified sub-units was tested in order to reduce the subjectivity of 

archaeo-stratigraphic inter- pretation, growing the overall reliability of the palimpsest dissec- tion. 

The analysis of the vertical distribution of plotted items was performed by frequency histograms 

(e.g. Brantingham et al. 2007; Canals et al. 2003; Chadelle 2000; Mackay et al. 2014; Surovell et al. 

2005). The Y-axis of these histograms, reporting the elevation data, was set on bins’ interval of 2 

cm to magnify the reading of the distribution trends of findings. The histograms were systematically 

analysed for each 50 × 50 cm sector of the excavation grid in order to avoid the noise effect 

deriving from the slope bearing of the layers. A minor slope-related variance of elevation values 

(and then of overlapping noise), indeed, is ex- pected in the smaller spatial sample-unit than in the 

larger ones. The observed frequency distributions (e.g. continuous, bimodal, multimodal) were used 

to refine the identification of possible hiatuses in the vertical projections of plotted items and to 

report them in the extract of the SU 11 profiles. 

A Pearson correlation was performed to verify the as- sociation between excavation spits and 

archaeo- stratigraphic sub-units. Specifically, as first step, a reli- ability value for the archaeo-

stratigraphic sub-units recog- nition was assigned to each 50 × 50 cm sector, based on the 

abovementioned vertical frequency distributions pat- terns. The reliability of sectors with clear 

bimodal distri- butions was considered “good”, the one with multimodal or weakly bimodal 

distributions was considered “weak” and the one with continuous distribution was considered 

“bad”. The last ones were excluded from the statistical test. Then, the Pearson correlation test was 

run comparing the distribution of findings by spits and sub-units. 

  

Zooarchaeological analysis of SU 11 

 

The faunal remains were identified using the osteological ref- erence collection at the University of 

Siena. Only fragmenta- tion rate, dimensional classes (1–3 cm, 3–6 cm, 6–10 cm, > 10 cm) and the 

burned/unburned state were considered for spatial analysis. No other taphonomic analyses were 

possible, due to the presence of a carbonate concretion layer on the surface of most of the bones. 

 

Lithic technology analysis of SU 11 

 

A technological analysis was carried out to gain comprehen- sive and comparable data regarding all 

the phases of lithic reduction sequences (Geneste 2010; Inizan et al. 1995; Pelegrin et al. 1988; 

Perlès 1991). To achieve this aim, every item was analysed separately i.e. all its features were regis- 

tered in an Access® database specifically set up to suit the peculiarities of the collection in question 

(for specification of the collected traits Marciani 2018). The technological analysis included the 

identification of the lithic raw material consider- ing its nature (pebble, slab, block), granulometry 

(fine, coarse) and type (chert, jasper, siliceous limestone, limestone and quartz sandstone). The 

presence and type of post- depositional alteration (chemical, mechanical or thermal) were evaluated. 



Four technological classes were considered: flakes, cores, pebbles, debris (including fragmented un-

orientable pieces, altered pieces and entire management flakes smaller than 150 mm2). Then a 

qualitative analysis of cores and flakes was performed to understand the volumetric concepts, 

dynam- ics and objectives of the debitage (Boëda 2013). For the com- plete flakes, the amount and 

localization of the cortex, the morphology, symmetry, profile and section shape, the number and 

orientation of dorsal scars, the type of butt and bulb and the position of the impact point were 

registered. Based on these technical features, the concept of debitage of the flakes was identified. 

Lastly, occurrences, type and localization of retouch were registered. For each core, the nature and 

shape of the raw block, its volumetric concept, the hierarchy of sur- faces, the type, location and 

kind of preparation of the striking platform, the number and direction of the negatives on the 

debitage surface and the possible reason for its abandonment were observed. 

To integrate the technological data with the spatial analysis some lithic traits were selected, which 

are significant to infer a spatial behaviour, following Spagnolo et al. (2019). These cat- egories 

include micro-debris, cores (with the relative state of exploitation) and “tools”. The micro-debris is 

a sub-category of the technological class “debris” (including fragmented un- orientable pieces, 

altered pieces and entire flakes) defined by dimensional criterion. More specifically, all lithic 

artefacts were subdivided according to five Dimensional Classes (DC 1, 1–50 mm2; DC 2, 50–100 

mm2; DC 3, 100–150 mm2; DC 4, 150–200 mm2; DC 5, > 200 mm2). The micro- debris represents 

the fraction of the debris included in the smallest Dimensional Class (put another way the produc- 

tion waste in DC 1, 1–50 mm2). The state of exploitation of the cores permits to classify cores 

according to the volume that remains to exploit, thus according to the concept of debitage present at 

the site (mostly Levallois and additional debitage) the initial, medial or final volume were consid- 

ered. Also, a macro class labelled as “tools” which included all retouched items and items with 

macro traces was creat- ed. On some items some macro traces at naked eyes or with a magnifying 

glass (based on the recurrence, order and reg- ularity of the scars) were identified. Random traces 

and scars or fracture with different patinas were considered as mechanical post-depositional 

alterations. 

 

Spatial analysis of SU 11 

 

The spatial analysis was performed by means of Past 3.14 (Hammer et al. 2001) and ArcMap® 

10.6.1. The mixture analysis (based on the normal distribution model) was made to detect and 

discriminate possible modularity in the hearth- to-hearth distances, as suggested both by the visual 

analysis of the maps and by the evidence documented in the underlying SU 13. In agreement with 

the protocol applied for the study of SU 13 (Spagnolo 2017; Spagnolo et al. 2019), a set of data 

were identified as significant for the reconstruction of the spa- tial management of the site. These 

include: lithic micro-debris, lithic “tools”, cores (taking into account also their exploitation rate) and 

the faunal remains sorted by dimensional classes and physical state of the surface, namely unburned 

small speci- mens (1–6 cm), burned small specimens (1–6 cm) and large specimens (> 6 cm). 

The spatial patterns (dispersed, random or clustered) and their statistical significance were 

preliminarily explored through the Ripley’s K function and the Spatial Autocorrelation (Global 

Moran’s I method) powered by Getis-Ord General G statistics. Then, the Kernel Density Analysis 

(setting the searching radius according to the results of the Ripley’s K function), the Hot Spot 

Analysis (Getis-Ord Gi* algorithm) were carried out and thematic maps were used to visualize the 



spatial patterns of the aforementioned catego- ries of findings. Finally, in order to achieve a more 

compre- hensive overview of the possible structuration of the space, a Ward’s Cluster Analysis was 

performed (Carrer 2017; Crezzini et al. 2016; Fletcher 2008; Garcea and Spagnolo 2018; Lancelotti 

et al. 2017; Moroni et al. in press; Romagnoli and Vaquero 2016; Shennan 1997; Spagnolo 2017; 

Spagnolo et al. 2016, 2019; Thacher et al. 2017; Whallon 1984; Werdelin and Lewis 2013). 

Resulting patterns were macroscopically compared with the presence and posi- tion of the hearths in 

SU 11. 

The input-data were adapted to the specific working-mode of the different analytical strategies here 

adopted both related to the Point Pattern Analysis (PPA) and to the Quadrat Count Method (QCM). 

The whole sample was taken into account without indexing of data for the PPA (e.g. Ripley’s K 

function and Kernel Density Analysis) and the univariate QCM (e.g. Spatial Autocorrelation, Getis-

Ord General G statistics, Hot Spot Analysis). The multivariate Ward’s Cluster Analysis, conversely, 

was carried out discarding the not comparable spatial units of the excavation grid (scilicet 50 × 50 

cm squares with an integrity level < 80%) and normalizing data by con- version into percentage 

indexes. This preliminary manage- ment of data is required to prevent under-/over-representations 

of some spatial patterns and, consequently, the misreading of the actual quantitative and relational 

distribution of the findings. 

 

 

Results 

 

Sedimentological framing of SUs 13-11 

 

The Oscurusciuto Rockshelter’s clastic sequence is more than 6 m thick (Fig. 4a). The 

sedimentological analysis presented in this work focuses on the stratigraphic fea- tures of SUs 13 

and 11 (Fig. 4a, b). From a sedimen- tological point of view, the archaeological layer SU 13 

corresponds to a single bed, while the archaeological layer SU 11 can be subdivided into two 

distinct beds labelled SU 11-upper and SU 11-lower (Fig. 4a). 

SU 13 overlays SU 14 through a sharp erosional sur- face at place locally marked by the occurrence 

of col- lapsed blocks. In the west section, SU 13 displays a dome-shape, thus explaining lateral 

variations in thickness. The passage from SU 13 to the overlying SU 11-lower is marked by a 

relatively flat and slight-erosional surface (Fig. 4a). SU 13 is about 12 cm thick in present-day 

exposed sections, small thickness variations locally occur due to the scoured erosional surface at its 

base, but data collected during archaeological excavation indicate an al- most constant thickness for 

SU 13 in all the area. The bed is composed of coarse-grained sand with abundant silty- sized matrix 

and displays a crude plane-parallel lamination (Fig. 4b). Scattered granules, small pebbles and 

debris locally occur. At place, debris are made of tephra deriving from the erosion of the underlying 

SU 14. 

The overlying SU 11-lower bed is about 9 cm thick and displays similar features to SU 13 bed, 

except for a lack of tephra debris and of the internal lamination (Fig. 4b). Consequently, the bed SU 

11-lower is structureless. 



Bed SU 11-upper overlies SU 11-lower through a slight erosional surface, it is about 12 cm thick 

and it is made of dominant granules/small pebbles in a sandy matrix. Pebbles scale is 14.5 cm long. 

b Sedimentary log of the investigated part of the succession. See a for the log trace are moderate to 

well rounded. The bed displays a crude finning-upward trend and lack of any sedimentary structure. 

Finally, SU 11-upper passes upward to SU 9 through a rela- tively high-relief erosional surface 

(Fig. 4a). 

 

 

Fig. 4 a Panoramic view of the upper part of the Oscurusciuto Rockshelter clastic successions 

with highlighted the boundaries of the investigated stratigraphic units from the Southern 

section. Pencil for 

 

Preservation state and archaeology of time of SU 11 

 

The cross-sectional analyses of stratigraphic profiles, the car- tesian diagrams and vertical 

frequency histograms of plotted items remarked the sub-horizontal bedding of SU 11, charac- 

terized by a weak dip towards the NW corner of the shelter (Figs. 5 and 6; Figs. S1–S4). This 

evidence constitutes a po- tential conservative factor for the preservation of context in- tegrity from 

post-depositional tractive/gravitative distur- bances, that is macroscopically suggested by the fresh 

state of the lithic edges (with absence of double patinas), the quan- titative distribution by 

dimensional classes of lithics (“Lithic technology of SU 1 1 ” ) a nd fa un al re mai n s 

(“Zooarchaeological evidence of SU 11”) (higher frequencies of small pieces on the large ones), the 

good preservation of some hearths (Table S1), the strong spatial correlation be- tween hearths and 

burned bones (Figs. 7 and 8; Figs. S6–S7) and the absence of large-scale erosional episodes or 

bioturbations on the preserved surface of SU 11. 

The most relevant result of these analyses is the identification of at least one archaeo-stratigraphic 

hiatus, about 2–3 cm thick, discontinuously evident both by vertical distribution of finds and by the 

hearths patterns (vertical separation and sizing difference among the “lower” and the “upper” 

hearths). More specifically, a clear bimodal distribution pattern was returned by the plotted items 



analysis: a rarefaction/absence of materials, indeed, was highlighted in the whole excavated area, 

sandwiched between two high-density-finds sub-units of the SU 11 (Figs. 5–6; Figs. S2–S4). This 

hiatus perfectly fits with the separation layer be- tween the upper and the lower hearths, as shown 

by stratigraphic profiles (Fig. S1). This evidence allowed to dissect SU 11 into two sub-units: the 

upper one was named 11a and the lower one 11b. Moreover, the integration between 

sedimentological and archaeo-stratigraphic studies allowed to detect a significant cor- respondence 

between these archaeo-stratigraphic units and the geological beds (“Depositional processes and 

stratigraphy”, Fig. S5). The Pearson correlation (Table 1), moreover, corroborates a very good 

correspondence between the archaeological spits and the actual achaeo-stratigraphic sub-units. The 

excavation grid, indeed, includes 48 sectors (50 × 50 cm wide), among these five were excluded 

from the analysis due to the low number of plot- ted items, nine returned a unimodal distribution 

pattern of eleva- tions (then they are considered badly reliable), nine returned weak bimodal or 

polymodal distributions (then they are consid- ered weakly reliable) and 29 returned a clear or very 

clear bi- modal patterns (then their reliability is considered good). The statistical test was run on the 

reliable sectors (good and weak sectors, N = 34), that constitutes a representative sample as it 

represents the 79% of the analysed sample (71% of overall sec- tors). With the correlation 

coefficients recognized (R11/1-11a = 0.95, p = 3.30E−18; R11/2–3-11b = 0.86, p = 4.72E−11), the 

positive correspondence between archaeological spits and archaeo- stratigraphic sub-units appear 

statistically highly significant (Table 1). The number of hearths and the presence of multi- stratified 

features are a significant evidence of the palimpsest magnitude, also giving information about 

anthropogenic post- depositional disturbances. As previously stated, all the hearths in SU 11 were 

not simple surface fireplace, but structured fea- tures, made in sub-circular shallow pits with a 

“bowl” shape section and flat bottom, usually 5 cm deep (“The site and the SU 11”; Table S1). In 

particular, the hearths SUs 50 and 53 (in the Southern part of the excavated area) are characterized 

by a complex stratigraphic sequence of pits: most of them (SU 50A-F and 53B-D) are related to 

sub-unit 11a, but at least two of them (SUs 53A1 and 53A2) are related to the lower sub-unit (SU 

11b). This implies that, at least locally, a vertical dislocation of anthro- pogenic materials has to be 

expected. It is conceivable that, contextually to the formation of SU 11a, a moderate number of 

faunal and lithic findings coming from sub- unit 11b could have been unearthed by the Neanderthal 

digging activity during the making of some hearths in sub-unit 11a. In any case, possible under-

representation (sub-unit 11b) and over-representation (sub-unit 11a) of the densities of findings in 

relation to the actual inten- sity of activities carried out during the formation of these sub-units can 

be considered not very extensive given the shallowness of the hearths’ pits (Table S1). 

 

 

 



 

Fig. 5 Scatter-plot graphs of the findings with cartesian coordinates along the E-W transects. 

The transects relative to each graph are highlighted by a red rectangle 

 



 

Fig. 6 Scatter-plot graphs of the findings with cartesian coordinates along the N-S transects. 

The transects relative to each graph are highlighted by a red rectangle 

 



  

Fig. 7 Distribution of the analysed categories of findings in the lower sub-unit 11b. Kernel 

density map of the lithic micro-debris (a); distribution map of the cores with their exploitation 

rate (b); composite kernel density and distribution map of the lithic tools with differentiation 

be- tween retouched and items with macro-traces (c); kernel density map of the unburned 

small faunal remains (d); composite kernel density and distribution map of the large faunal 

remains with differentiation by Dimensional Classes (e); kernel density map of the burned 

faunal remains (f) 



 

Zooarchaeological evidence of SU 11 

 

The faunal remains (15,640 items) are highly fragmented: most of the pieces are smaller than 6 cm 

(15,264 items), only 376 items fall in the third and fourth dimensional classes (6– 10 cm; > 10 cm). 

Seventy-four remains were taxonomically identified, mainly by isolated teeth (Boscato 2017) 

(Tables S2–S3). Taxa are to be related mostly to steppe/ wooded grasslands (61 are attributable to 

Bos primigenius and 3 to Equus ferus), rather than to more vegetated environ- ments (5 Cervus 

elaphus, 3 Dama dama, 1 Capreolus capreolus, 1 Sus scrofa). The bulk of NISP (66.2%) is repre- 

sented by isolated teeth. Limb bones are mainly represented by diaphyseal fragments (18.9% of 

NISP), whilst epiphyses, with the exception of a fallow deer scapula, are only related to the distal 

portions of limbs (one distal metapodial and three phalanges). Noteworthy, in a sample of 5292 

unidentified specimens from SU 11 only the 2.7% is represented by frag- ments of spongy tissues 

(Table S4). The lack of epiphyseal fragments, as well as of other spongy bones, is in line with the 

picture already described for the Mousterian from Apulia (Boscato and Crezzini 2007, 2012). The 

burned bones (9986 items) fall almost all in the first-dimensional class (1–3 cm) and constitute 64% 

of the sample (Tables S2–S3). 

 

Lithic technology of SU 11 

 

The lithic sample of SU 11 includes 31,030 items (the SU 13 consists of 7504 items). The recovered 

objects are mostly in an excellent state of preservation, with fresh edges and well- preserved macro-

traces (visible even to the naked eye), double patina is absent. According to results of the palimpsest 

dissec- tion, the technological analysis was carried out considering the distribution of lithics among 

the sub-units 11b and 11a. 

The supply of raw material is strictly local, the pebbles of cherty limestone, jasper, chert and quartz 

sandstone were found in the secondary formation of the marine and fluvial terrace deposits near the 

site. The most common raw material in the examined levels (SUs 13, 11b and 11a) is cherty lime- 

stone (46.7%) followed by jasper (33%). We note a selection of raw material depending on the 

concept of debitage: i.e. the additional volumetric debitage is mainly performed on chert and jasper 

followed by cherty limestone. Moreover, there is a concept-oriented selection of the shape of the 

block depending on which kind of reduction sequence was performed. That is to say, oblong and 

lenticular pebbles for the Levallois and fragment or angular pebbles for the other reduction 

sequences. The vast majority of the items in the two sub-Units in question are all included in the 

smallest dimensional classes (DC1 and DC2), documenting a flaking activity in situ (Table S5). The 

lithic complexes were produced by debitage: besides a great quantity of debris, the presence of raw 

pebbles, hammerstone and cores is attested together with a predomi- nance of flakes and few 

retouched items (mainly side scraper). All of the technological classes show a similar percentage in 

every Unit except for the class of retouched tools which are progressively more represented in 11a 

and 11b (Table S6). 

The majority of cores in both sub-unit are in a very ad- vanced state of exploitation (exploited 

volume 11a: 58 items and 11b: 30 items); followed by medium (11a: 19 items and 11b: 32 items) 

and initial state (11a: 6 items and 11b: 6 items). Both sub-units of SU 11 show a dominance of 



Levallois in all of its recurrent modalities (i.e. unipolar, convergent, cen- tripetal) followed by 

various other additional debitages (i.e. a volumetric unidirectional sequence aimed at producing 

flakes, blades or bladelets with a management of the striking platform and few managements of the 

lateral and distal convexities). In these cases, each block is used for one or more sequence of 

reduction used independently by each other. A sporadic ap- pearance of discoid and kombewa 

production is also attested (Table 2). In both sub-units of SU 11 an increase in the variety of the 

additional reduction concepts can be seen (i.e. unidirec- tional cores for producing flakes: 

unidirectional cores aiming at producing blades or bladelets; cores producing techno-typo Levallois 

points (Boëda 2013; Marciani 2018)), together with a switch from one concept to another (i.e. from 

Levallois to additional). Furthermore, some exploited cores were later retouched (Marciani 2018). 

 

The spatial patterns of SU 11 

 

As in SU 13, the presence and localization of the hearths in SU 11 is an essential feature of the 

spatial structure of the site, dividing it into two sectors: the inner one (between the hearths 

alignments and the Rockshelter wall) and the outer one (be- tween the hearths and the ravine 

bottom) (Boscato and Ronchitelli 2017). 

Beyond the macroscopic similarity of the spatial organiza- tion, some differences can be recognized 

among the hearth patterns of SU 11. More specifically, the lower sub-unit (11b) is characterized by 

small hearths (some of them stratigraphically overlapped) aligned along a SW-NE axis and 

arranged in 3 small clusters of 5, 6 and 8 features respec- tively (from SW to NE). The dimensional 

ranges of these hearths appear relatively standardized (standard deviation of the diameters 7.3 cm), 

with a median diameter of 26 cm (first quartile, Q1 24 cm; third quartile, Q3 33.5 cm) (Table 3). 



  

Fig. 8 Distribution of the analysed categories of findings in the upper sub-unit 11a. Kernel 

density map of the lithic micro-debris (a); distribution map of the cores with their exploitation 

rate (b); composite kernel density and distribution map of the lithic tools with differentiation 

be- tween retouched and items with macro-traces (c); kernel density map of the unburned 

small faunal remains (d); composite kernel density and distribution map of the large faunal 

remains with differentiation by Dimensional Classes (e); kernel density map of the burned 

faunal remains (f) 

 



Modular distances can be detected among these combustion features, apparently based on a 

polymodal distribution model. As shown also by the mixture analysis, the “inter-cluster” distances 

range from about 2 ± 0.4 m to 3 ± 0.2 m, respective- ly (Fig. S6b; Fig. 3b). 

The hearths in the upper sub-unit (SU 11a) are grouped into two-dimensional classes: the smaller 

ones appear more ho- mogenous (standard deviation of the diameters 6 cm, CV: 0.19), while a 

slightly larger variability is reflected among the larger ones (standard deviation of the diameters 

23.4 cm, CV: 0.36). The smaller hearths tend to exhibit a median diam- eter of 33 cm (Q1 29.5 cm, 

Q3 35.5 cm), and the larger ones have a median diameter of 54 cm (Q1 49 cm, Q3 73.5 cm) (Table 

3). Their spatial pattern appears clearly clustered: a high concentration of 21 features (mostly 

stratigraphically o- verlapped) is located in the SW sector of the excavated area, the other ones 

(seven) are in the NE sector. Moreover, in the latter sector, SU 10 represents a mass of un-

disentangled hearths, perhaps similar to the multi-stratified hearths SUs 50 and 53. Due to the 

massive palimpsest effect, a hearth-to- hearth distance pattern in sub-unit 11a is not so clear. Both 

the visual and the mixture analysis of the distances between the “SW cluster” and the “NE cluster” 

suggest an increase in the distance modules for the inter-cluster range, characterized by two peaks at 

about 2.8 and 4.4 m, respectively, which can be directly related to the hearth-size increase (Fig. 

S6a; Fig. 3a). Statistically significant clustered patterns are given by the Spatial Autocorrelation 

Global Moran’s and the Getis-Ord General G statistics among the different categories of findings of 

SU 11 dataset, with the exception of the cores (from both sub-units) and the unburned small faunal 

remains from sub- unit 11b, whose z-scores values appear quite similar to a ran- dom distribution. 

Comparatively, sub-unit 11a shows a greater clustering rate and spatial overlapping than the 11b 

(Tables 4, 5, 6 and 7). The Hot Spot Analyses of each sub-unit show a macroscopic spatial 

correspondence between the patterns of the categories of findings, with some minor relative differ- 

ences. The main hot-spots in sub-unit 11b are positioned in the NE and in the SW edges of the 

excavated area, while two cold-spots are detected in the NW corner of the shelter and along the 

eastern limit of the excavated area. A significant overlapping of hot-spots can be noted in the 

southern part of the excavated area in sub-unit 11a (related to the high concen- tration of hearths). 

As in the lower sub-unit, the cold-spots are mainly located along the eastern limit of the excavated 

area and in the NW corner of the shelter (Fig. S7-S8). 

 

 

Table 1 Correlation table of the archaeological spits and archaeo- stratigraphic sub-units 

identified in SU 11. Data in bold are statistically significant 

 



 

Table 2 Concept of debitage from SUs 13 to 11a. Data in bold represents the tatal values 

 

More in detail, the Ripley’s K function confirms this scenar- io, highlighting different clustering 

radius: within 0.4–0.7 m for tools and slightly smaller (0.3–0.6 m) for micro-debris and fau- nal 

remains (included the small faunal remains from the sub-unit 11b). On average, the 0.5 m diameter 

seems to be the main dimensional trend of the findings’ agglomerations (Fig. S9). Kernel density 

analyses, therefore, were made taking into ac- count the Ripley’s K results and setting the searching 

radius at 0.25 m. The resulting density maps allow to detail the picture obtained by previous 

analyses. Compared to the Rockshelter setting, the main concentrations of findings appear spatially 

re- lated to the hearths, being usually positioned along the side of the hearths towards the back wall 

of the shelter (that is to say in the “inner sector” of the shelter). For each sub-unit, the spatial 

patterns of the analysed categories do not differ significantly between each other, highlighting a 

relative overlapping of the main high-density areas (this appears particularly evident in the upper 

sub-unit). In particular, in sub-unit 11b, the patterns of micro-debris, lithic tools, unburned and 

burned small faunal remains covary according to a common model with small- scale dislocations. 

The large faunal remains and the cores, in- stead, seem to follow a different logic: both these 

categories of findings are marginally distributed along the borders of the high- density areas of the 

small unburned faunal remains and of the micro-debris, respectively. Noteworthy, further pattern 

differ- ences are detectable in the ensemble of cores if the exploitation rate is taken into account. 

The still usable cores are typically scattered in the outer side of the hearths alignment, and the 

exhausted ones appear relatively grouped immediately to the inner side, forming a sort of arc 

alignment (with two main con- centration in the SW and in the NE zones respectively) (Fig. 7a– f). 

In sub-unit 11a, the spatial overlapping of micro-debris, lithic tools, unburned and burned small 

faunal remains is more evi- dent (with a major clustering in the SW area of the excavation, 

corresponding to the main concentration of hearths). The large faunal remains and the cores seem to 

be distributed in a slightly marginal position with respect to the high-density areas of small faunal 

remains and micro-debris. Specifically, while the usable cores are mainly clustered in the SW area 

(spatially overlapped to the main hearths and micro-debris concentration), the exhausted cores are 

arranged in the northern part of the excavated area, along a SSW-NNE alignment (similar to the one 

recognized in lower sub-unit 11b) (Fig. 8a–f). 

Finally, statistically significant low-density areas are recog- nized and they appear to spatially 

coincide both between sub- unit 11b and 11a. The most evident is located along the SE edge of the 

excavated area, another one occupies the NW corner of the shelter (Figs. S7–S8; Figs. 7 and 8). 



These results are well summarized by the Ward’s cluster analysis as well. In the lower sub-unit 

(11b), despite the rela- tively low cophenetic correlation value (c = 0.5814), the good- ness of the 

obtained dendrogram seems to be suggested by the spatial coherence of the five clusters recognized. 

Specific find- ings associations correspond to each cluster. Specifically, clus- ter 1 is characterized 

mainly by high values of small unburned faunal remains, micro-debris and lithic tools, cluster 2 by 

totally exploited cores and micro-debris, cluster 3 by a very low den- sity of materials (with absence 

of cores), cluster 4 by a middle- low occurrence of all the categories (with higher concentration of 

burned bones) and cluster 5 by a higher incidence of large faunal remains (Fig. S10; Table S7). In 

the upper sub-unit (11a), the cophenetic correlation value is higher but still not optimal (c = 

0.7632), attesting, alongside the spatial coherence of the clusters, a better goodness of the 

dendrogram. Clusters 1 and 2 are very similar, characterized by high frequencies of all the 

categories of findings (cluster 1 is substantially differentiated by a higher quantity of small 

unburned faunal remains) and strictly related to the mass of hearths in the SW part of the studied 

area. Cluster 3 differs from the aforementioned ones for a higher occurrence of exhausted cores 

opposed to a minor (but still high) frequency of findings. Cluster 4 exhibits a very low den- sity of 

findings. Clusters 5 and 6 are very similar (middle-low occurrence of remains) and differentiated by 

a relatively higher representation of the micro-debris in cluster 5 (Fig. S11; Table S8). 

 

 



Table 3 Overview of the dimensional classes of the hearths in SUs 13 to 11a. The descriptive 

statistics (mean, standard deviation, coefficient of variation, I quartile, median and III 

quartile) are reported in bold 

 

 

Table 4 Global Moran’s I summary of the analysed categories of findings from sub unit 11b. 

Statistically significant data are reported in bold 

 

 

Discussion: diachronic perspectivism on the settlement evidence from SUs 13, 11b and 11a 

 

The stratigraphic continuity of the palimpsests sampled for this study constitutes a good reference to 

explore Neanderthal behaviour from a middle-to-long range time- scale. In other terms, the 

evolution of the settlement dynamics from SUs 13-11 can be included and understood in light of 

time perspectivism (Bailey 2007). The combination between high-temporal resolution and 

diachronic perspective allows to gain a deeper view of the historical processes developed in this 

continuous Mousterian settling sequence, as observed in each recognized anthropogenic Unit. 

 

Depositional processes and stratigraphy 

 

Sedimentological features of SUs 13 and 11-lower are similar and this indicates that the two beds 

were deposited by similar depositional processes. These features suggest that sedimen- tation 

occurred mainly due to infiltration processes, namely sediments derived from surficial soils and pre-

existing de- posits infiltrated through fractures and/or joints into the shelter (Bosch and White 2004; 

Martini 2011; Iacoviello and Martini 2012, 2013). Small debris and granules with lithological af- 

finity with the host rock, could be settled by rockfall process- es. The occurring of a crude plane-

parallel lamination in SU 13 suggests that the deposition of this layer was only partially perturbed 

by human trampling and digging, while the struc- tureless nature of the overlying SU 11-lower 

could be indica- tive of a major human influence during deposition (e.g. Karkanas et al. 2007; 

Martini et al. 2018). The slight- erosional boundary that separates the two investigated beds 

suggests that deposition of the two layers occurred almost in continuity i.e. without any relevant 

time interval dominated by erosional processes. 



The bed SU 11-upper is as structureless as SU 11-lower but it is made of coarser sediments, 

indicating a grain size increase of the clastic sedimentary inputs. This is generally related to the 

spatial expansion of pre-existing fractures and joints and/ or to new points of sediments input, as 

suggested by the oc- currence of moderately- to well- rounded pebbles that are lacking in older 

strata. Similarly, to SU 11-lower, the lack of any sedimentary structure could be indicative of 

human influ- ence during deposition. The marked erosional boundary at the top of SU 11-upper bed 

points to the occurrence of an erosion- al phase after the deposition of the bed and before the 

deposi- tion of bed SU 9, with the subsequent erosion of a part of the sedimentary record that can be 

estimated as having amounted to some centimetres. 

 

 

Table 5 High-low clustering report (Getis-Ord General G statistics) of the analysed categories 

of findings from the sub-unit 11b. Statistically significant data are reported in bold 

 

 

Table 6 Global Moran’s I summary of the analysed categories of findings from the SU 11a 

sub-unit 11a. Statistically significant data are reported in bold 

 

Beyond the sedimentological meaning of these beds, a cor- relation between geological and 

archaeological units can be performed. Currently, the correlation is possible in the south- ern 

section of the shelter, where the sedimentary log was col- lected and the SU 11 bed shows a 

present-day total thickness of 21 cm (SU 11-lower, 9 cm; SU 11-upper, 12 cm). Here, 

archaeological and GIS data highlight that the overall thick- ness of SU 11 is about 22 cm, with the 

interval of rarefaction of artefacts (that separates archaeological layers SU 11a and b) comprised 

between − 12 and − 8 cm from the top of SU 11 (Fig. S5). Considering that small thickness 

differences be- tween archaeological data and present-day thickness measur- able in the exposed 



section are possible for several reasons (e.g. different original thickness of beds, erosional processes 

associated with beds boundary), these data highlight a perfect correlation between geological bed 

SU 11-lower with archae- ological layer SU 11b and of bed SU 11-upper with SU 11a. The interval 

of rarefaction falls at the base of the geological unit SU 11-upper. Unit SU 11 displays marked 

differences in thickness both in its archaeological and sedimentological constituents, depending on 

the different excavation areas. These are imputable to various causes at the present state not 

completely investigated, including for example the different amount of sediment erosion connected 

with erosional bound- aries of beds, the differential accumulation of materials related to human 

activity and/or the differential syn-depositional ac- cumulation of clastic sediments in different 

sectors of the shelter connected with the location of sediments entry-points. 

 

 

The palimpsest unravelling  

 

In details, the frame arising from the palimpsest dissection highlights the different temporal 

meaning of the selected pa- limpsests: SU 13 is a short-term palimpsest (Spagnolo et al. 2016), 

while SU 11 is a long-term one. This essential differ- ence significantly affects the archaeological 

visibility of these Units and requires a different approach in their study. The strong spatial 

structuration of SU 13, indeed, is the product of a limited number of long-term and close in time 

settling episodes (apparently no more than three, if the hearth patterns are taken into account), as 

also suggested by sedimentological analysis. Therefore, a direct/isomorphic correspondence was 

detected between spatial patterns and activity areas (and consequently social structure of the 

Neanderthal camp-site) (Spagnolo et al. 2019). These premises allowed for a high- resolution 

screening and contextualization of other behaviour- al components mirrored in the lithic 

technology, as the tech- nical traditions, the import/production/export of lithic imple- ments and the 

techno-functional studies (Marciani 2018; Marciani et al. 2016, 2018; Spagnolo 2017). 

 

 

Table 7 High-low clustering report (Getis-Ord General G statistics) of the analysed categories 

of findings from the sub-unit 11a. Statistically significant data are reported in bold 

 

 



The spatial structure behind SU 11 derives from its nature of spatial palimpsest (sensu Bailey 2007). 

In other terms, an unknown sum of settling episodes (probably numerous) took place at the site 

following a similar scheme but with small- scale spatial dislocations. These seem to have taken 

place in accordance with an apparently linear progression between two main settlement 

configurations. This implies that the possibil- ity of a correct reading of the settlement systems 

evolution in this Unit is subject to the accuracy of the preventive palimp- sest disentangling because 

a correct and reliable behavioural approach is possible only starting from smaller time units. This 

purpose was reasonably reached by the cross-sectional analyses both of the stratigraphic profiles, of 

the frequency histograms of findings per 50 × 50 cm sector and of the Cartesian diagrams of the 

plotted items (and reinforced by the sedimentological evidence). The identified sub-units (SUs 11b 

and 11a) are palimpsests themselves, however, their lower inner spatial variances (as highlighted by 

the hearths and archaeological material patterns) suggest that they repre- sent the product of 

reiterate and homogeneous settling strate- gies even if in a sequence of tangled settling episodes. 

The related data can, therefore, be considered relatively reliable for the purpose of the spatial-

functional analysis. 

 

The site-structure identification 

 

The spatial patterns in SUs 13, 11b and 11a, as a whole, allow to individuate interesting analogies 

and differences. The dia- lectic relationships and the “relative” chronological positions between 

them could be considered as a clue to infer the long- term dynamics of the settlement strategies. 

In the first place, the lithic production in SUs 13, 11b and 11a is characterized by a manifest 

continuity, as suggested by the use of local raw material and by the predominance of Levallois 

concept. On this basis, we could relate the lithic material of SUs 13, 11b and 11a to a same 

technical tradition. However, the difference in the technological structure of the Units could be 

interpreted on the bases of the type of occupa- tion for each unit. In the two sub-units of SU 11 we 

note: the presence of cores reused several times in various reduction sequences; cores with two 

productional lives (first Levallois and subsequently additional); a change in the state of the in- 

strument: from core to retouched tool; and a progressively higher number of retouched items. These 

are all behaviours which indicate a correspondence between the space of the site and the source of 

raw material, that is to say, the lithic material discarded in the site is subsequently reprocessed. 

These activ- ities are indicators of a prolonged use of the lithic materials, and consequently of some 

reiterated and close in time occupations. 

In the second place, an evident gradual evolution is recog- nizable in the size of the hearths from 

these Units, from the smallest in SU 13 (median diameter of 24 cm) to the biggest in SU 11a 

(median diameter of 54 cm) (Table 3). 

Furthermore, Units 13, 11b and 11a are characterized by the presence of regular-spaced hearths, 

aligned along sub-par- allel/diagonal patterns in relation to the shelter wall (Fig. 3; Fig. S6). A 

possible module of 2.6–3m can be detected taking into account the distances between the hearths in 

SU 13 with a similar preservation state and, consequently, interpretable as possibly “synchronous”. 

This module perfectly fits with the “inter-cluster” ranges detected in sub-unit 11b (2 and 3 m). In 

sub-unit 11a, parallel to the growth in hearths’ size, the “inter- cluster” hearth distance modules 

seem to deploy to higher values, 2.8 and 4.4 m, respectively. On the one hand, the limited extension 

of the sheltered area behind the drip-line (probably not very far from the preserved extension of the 



deposit of SUs 13–11) could be considered as a constraining factor that limited the space free for 

the combustion features. On the other hand, the strong recurrence of very similar hearth-spacing 

patterns and alignments has to be connected to specific behavioural choices and not to a merely 

random pattern. The patterns recognized in SUs 13, 11b and 11a are consistent with the average 

distance values observed in many archaeological and ethno-archaeological sites for strictly con- 

temporaneous inter-fires distance and explained as a body-size dependent variable (Binford 1983; 

Galanidou 1997; Gamble 1986; Henry 2012). 

Moreover, the relative position of the hearths in relation to the shelter wall involves a spatial 

partition between an “inner place” and an “outer place” of the camp-site. This dichotomy is also 

supported by more or less sharp density gradients of findings (Figs. 7 and 8; Figs. S7–S8), but some 

differences are suggested between Units 13, 11b and 11a. In SU 13 a spatially segregated area, 

characterized by significantly low densities of findings and “bounded” between the shelter wall and 

some regularly spaced hearth was clearly identified, and it was interpreted as a possible 

sleeping/resting area (Spagnolo et al. 2019). A comparable spatial structure seems to emerge also in 

sub-unit 11b and, perhaps, in 11a, consisting in the low-density areas enclosed between the hearths 

and the NW corner of the shelter (comparatively less evident than the one in SU 13). This 

arrangement of sub-units 11b and 11a could be referred to the possible use of this sector of the 

shelter as sleeping/resting area by the Neanderthal hunter-gatherers, similarly to SU 13 (Figs. 9, 10, 

11), nevertheless, this inter- pretation is more difficult here, due to the massive palimpsest- effect of 

SU 11 (particularly for the SU 11a). Several Middle Palaeolithic contexts (both open-air and 

rockshelter/caves) yielded evidence of possible sleeping/resting areas. In Western Europe, possible 

cases are reported in Spain, in levels M, N and O of Abric Romaní (Gabucio et al. 2018; Hayden 

2012; Vallverdú et al. 2010) and in France, in level VIII of Grotte Vaufrey (Mellars 1996), in UA 2 

of Grotte du Lazaret (de Lumley et al. 2018) and at the open-air site of La Folie (Clark 2015, 2017). 

In Eastern Europe and the Near East, similar arrangements are described in layer 3 of Velika 

Balanica Cave in Serbia (Plavšić 2015), in layer 4 of Molodova I in Ukraine (Hayden 2012) and in 

floors I-III of Tor Faraj in Jordan (Hayden 2012; Henry 2012). 

 



 

Fig. 9 Activity areas identified in the sub-unit 11b. Main lithic knapping areas (a); possible 

processing/consuming areas of faunal (and vegetal?) resources (b); possible evidence of 

working areas maintenance (c); possible sleeping/resting area and possible limits of the settled 

area (d) 

 

 

The low-density area along the SE edge of the excavated area, both in SU 11a and 11b, could 

represent an actual bound- ary of the Neanderthal camp (e.g. the peripheral band or the limit 

between different occupation areas), as suggested both by its possible correspondence with the drip 

line and, in particular, by the presence of cores and large faunal remains (that could indicate a 

possible toss-zones). The hypotheses of additional sleeping/resting areas and/or of organic beddings 

(e.g. animal skins/mats) removed after the camp abandonment and/or of structures realized with 



organic materials producing a barrier-effect (e.g. tents or windbreakers) seems less parsimonious, 

thus less plausible. Nevertheless, the interpretation of this sector of the site is more problematic, due 

to the in- complete record of the camp caused by slope erosion. 

 

Fig. 10 Activity areas identified in the sub-unit 11a. Main lithic knapping areas (a); possible 

processing/consuming areas of faunal (and vegetal?) resources (b); possible evidence of 

working areas maintenance (c); possible sleeping/resting area and possible limits of the settled 

area (d) 



 

Fig. 11 General synthesis of the settlement structure evolution from SUs 13 to 11a 

 

Finally, density patterns of archaeological findings and the cluster analysis allow to identify a 

different kind of activity areas, almost systematically related to hearths and partially overlapped. 

The “delimitation” and interpretation of these areas is easier in SU 13 (the short-term palimpsest) 

than in 11b and 11a, where the more intensive palimpsest-effect re- duces the archaeological 

visibility. Significantly, this seems to be mirrored also by cluster analysis: both the higher diversity 

index of the identified clusters and the cophenetic correlation of the SU 13 (Spagnolo et al. 2019: 



Fig. 7) describe a more structured picture than the evidence from sub-units 11b and 11a 

(characterized by a lower inter-cluster variance and cophenetic correlation). 

The density gradients of micro-debris are the best proxy to detect flint-knapping activity areas, 

when, as in this case, in- tensive post-depositional tractive disturbances can be ruled out. In this 

perspective, the spatial relation between some of the main micro-debris aggregates and the cores 

seems mean- ingful. Specifically, a clear dichotomy was recognized in re- lation to the cores’ 

exploitation rate in SU 13: the few still usable cores are functionally related to the knapping areas of 

the Northern part of the excavated area, while the exhausted ones are clustered in a marginal area of 

the settlement where large faunal remains are also found (a waste dump) (Spagnolo et al. 2019: Fig. 

6a–b). The picture which can be drawn from sub-units 11b and 11a appears more complex, due to 

less archaeological visibility. Macroscopically, in the sub-unit 11b, the cores seem mainly scattered 

along the borders of the main knapping areas with a subtle difference in position- ing related to their 

relative exploitation rate: the still usable cores are mainly placed along the “outer side” of the 

hearths’ alignment, whereas the exhausted ones are immediately along the “inner side”. The reason 

for this pattern could be a man- agement of the knapping areas which can be considered as a 

reflection of the double functional nature of the cores. This “peripheral” localization of the cores in 

relation to the knap- ping areas, on the one hand, could have been useful to keep the cores intended 

as a reserve of raw material (the still usable ones) within reach, on the other hand, it could be a by-

product of the primary cleaning up of the working areas (the final volume cores), by the lateral 

pushing of production waste (e.g. Binford 1983; Clark 2017; O’Connell 1987; Stevenson 1991). A 

similar pattern (but more evident) comes from upper sub-unit 11a, where the usable cores are 

clearly clustered around the main micro-debris concentration, while the exhausted ones follow a 

similar pattern to that observed in sub-unit 11b. The recurrent correlation between the micro- debris 

and the still usable cores could suggest a possible func- tional identity, indicating a storing 

behaviour, with the cores conceived as a raw material reserve close to the lithic- knapping areas 

(Figs. 9, 10, 11). 

The dynamics of faunal resources exploitation, as observed also in other sites, has a spatially 

fragmented character and seems to be organized into two main moments. It can be as- sumed that 

the first step was carried out directly on the killing sites and was aimed to the selective 

transportation of specific anatomical parts of the preys, as suggested by the systematic under-

representation/absence of some skeletal districts in the camp-sites. The second butchery step 

(slaughtering, marrow extraction, spongy-bone processing and meat cooking/con- suming) was 

made in the residential camps (Boscato and Crezzini 2007). In Units 13, 11b and 11a of the 

Oscurusciuto Rockshelter, this step tends to take place around the hearths, according to the hearth-

related activity areas mod- el (e.g. Bataille 2006; Gabucio et al. 2014, 2018; Henry 2012; Lembo et 

al. 2012; Modolo and Rosell 2017; Moreau and Locht 2017; Real et al. 2018; Spagnolo et al. 2019; 

Speth and Tchernov 2001; Speth et al. 2012; Valensi et al. 2013), as suggested by the spatial co-

varying of lithic tools, small faunal remains and burned bones. This spatial overlapping suggests 

that at least some of the lithic tools could be involved in butchery activity. Nevertheless, other 

possible activities re- lated to the lithic implements (e.g. presence of hunting weapons, vegetal 

resourced processing, skin scraping, …) cannot be ruled out. Subsequent and systematic techno-

func- tional/traceological analyses could help to deepen the spatial reading of these contexts (Figs. 

9, 10, 11). 

Another interesting behavioural aspect seems to be sug- gested by the spatial patterns of the large 

faunal remains and exhausted cores (as partially described above). In SU 13, both these categories 

were clearly clustered and spatially segregat- ed in a marginal area of the settlement (a possible 



heap), representing a clear evidence of preventive maintenance of the working areas. Significantly, 

this kind of behaviour along- side the presence of discrete activity areas (well highlighted by spatial 

and cluster analyses) is a clue of the long-term nature of the occupations in SU 13 (Spagnolo et al. 

2019). As observed in ethno-archaeological studies, the hunter-gatherers site structure is primarily a 

function of the anticipated duration of stay at the camp and only secondarily of the actual length of 

the occupation. Therefore, spatial structure is “preventive- ly” established at the arrival of the 

hunter-gatherers at the sites (Galanidou 1997; Kent 1987, 1991). Articulated spatial struc- tures 

with both multipurpose and spatially segregated activity areas and/or curated features tend thus to 

occur in relation to planned long-term camping. At the contrary, when the planned depth of 

occupation is short the evidence of structured behaviours appears decisively less evident and less 

curated. The actual duration of the camp acts secondarily, incrementing the archaeological signal 

(and so the visibility) of the site structure. In this scenario, the palimpsest-effect deriving from 

several discrete occupations plays a decisive role in the ar- chaeological visibility preservation, due 

to the entropy deriv- ing from the overlapping of many camps. The evidence from sub-units 11b 

and 11a recalls some organizational aspects ob- served in the SU 13: the presence of a moderately 

similar spatial articulation of the camp is suggested by the hearths’ pattern and by the hypothesised 

presence and interrelation of both multipurpose and segregated activity areas (also shown by cluster 

analysis). More specific aspects of these occupa- tions in SU 11, nevertheless, are obscure. Put it 

another way, despite the palimpsest effect magnitude, a similar settlement strategy could be 

identified in Units 13, 11b and 11a. In par- ticular, in sub-units 11b and 11a, the peripheral 

distribution of exhausted cores and large faunal remains along the borders of the main micro-debris 

and unburned small faunal remains aggregates resembles the spatial outcomes of peripheral 

pushing-out behaviours of wastes from the activity areas (e.g. Binford 1983; Clark 2017; O’Connell 

1987; Stevenson 1991). Such a pattern represents a form of working areas maintenance (Figs. 9, 10, 

11). The Mousterian contexts in which this type of evidence has been unequivocally highlight- ed 

are quite rare (e.g. Bataille 2006; Clark 2017; Gabucio et al. 2018; Henry 2012; Speth and Tchernov 

2001; Speth et al. 2012; Valensi et al. 2013; Vaquero et al. 2012). Other possible clues of prolonged 

occupation derive from some lithic tech- nology observations, as the reprocessing of items from the 

site and the progressive increase of the retouched items in the lithic sample. 

 

Diachronic reading 

 

To sum up, a similar general model of space management produced a redundant structure in SUs 

13, 11b and 11a. However, small-scale variations are recognizable along this sequence. The reasons 

for the changes can be related with the time component (spatial palimpsest) as the strict chrono- 

logical relation between the sampled SUs and the relative homogeneity of the environmental 

conditions in and around the site allow to rule out that these changes are conditioned by purely 

environmental factors. The overlapping of several long-term Mousterian residential camps that took 

place con- textually to the formation of SUs 13–11 seems to be framed in the continuum of the 

cyclical mobility patterns adopted by Neanderthals of the Oscurusciuto Rockshelter. Thus, a deeper 

analysis of these contexts is expected to shed new light on the Mousterian settlement and mobility 

strategies. As a conse- quence of these results and of their deep-time quality, an in- triguing 

hypothesis can be advanced. Behind the dichotomy between the statics and dynamics of 

Neanderthal occupations in SUs 13–11 of the Oscurusciuto Rockshelter, one of the quiet motors of 

history could be identified: the dialectic rela- tion between the collective memory of Group and the 



deep- time (Bailey and Galanidou 2009; Galanidou 2000; Ichikawa et al. 2011; Lovis and Donahue 

2011; Whallon 2011). On one hand, the reiteration of the same spatial patterns and the struc- tural 

identity of the lithic production suggest that the same Neanderthal group, possibly also over 

different generations, could be responsible for the settling episodes reflected in these layers. On the 

other hand, the palimpsest character of the SUs 13 and 11 stresses the importance of the deep-time-

related phenomena (as the generational replacement of individuals in the Group, the possible 

interaction/alternation between different groups, the local micro-variations of the environmental 

conditions, …). These phenomena, across the multiple (and unknown) settling episodes accrued in 

the formation of SUs 13–11, could have contributed to the accumulation of small- scale difference 

and variations in a general common settlement pattern characterized by a gradual progression. The 

over- all identity of the settling scheme seems to point in this direction together with the gradual 

transformation of the hearth sizes, the relative lateral “moving” of the possible sleeping/ resting 

areas in the “inner place” of the shelter and the persistence of the lithic production systems tradition 

(Fig. 11). The historical memory of places, that appears to be reflected by settlement dynamics of 

the SUs 13–11, is a key factor in the cyclicity of the mobility strategies among hunter-gatherers, in 

particular when crucial resources are involved (e.g. Binford 1980; Kelly 2013). In this sense, the 

Oscurusciuto Rockshelter could represent an attractive-point in the Palaeolithic land- scapes of 

Southernmost Italy, both for the presence of a shel- tered area in a ravine (with possible vegetal and 

hydrographic supplies and preys) and, especially, for the rich presence of very good quality raw 

materials. These characteristics could have contributed to turn this site into a placemark of the 

cognitive map of the Neanderthal Groups that lived in the Lucanian-Apulian region, in Southern 

Italy. 

 

Conclusions 

 

The Oscurusciuto Rockshelter is a key-point for the history of the last Neanderthals in Italy. The 

rich stratigraphic sequence, the characteristics of the anthropogenic materials and the pres- ence of 

both latent and evident structures make the site partic- ularly suitable for the reconstruction of 

multiple aspects of Neanderthal behaviour. The multifocal analyses performed in the contexts 

studied so far led to impressive results and, prospectively, new significant data will arise as the 

research at the site proceeds. 

In this paper, multidisciplinary analyses were performed, focused on the Time and Spatial 

Archaeology approach, aiming to a diachronic reconstruction of the settlement dy- namics history 

along a relatively “brief” stratigraphic se- quence, deposited in the same paleoenvironmental 

context. The palimpsest nature of the layers here sampled (SUs 13 and 11), and their stratigraphic 

continuity allow for the recog- nition of multiple settling episodes, that can be enucleated in 3 main 

Units: SUs 13, 11b and 11a. In other terms, the short- term palimpsest echoed in SU 13 is in itself a 

reliable sample to be used in a behavioural approach, while a preliminary palimpsest dissection was 

required to understand SU 11. 

In these Units, an interesting picture is given by the spatial- functional analysis which makes it 

possible to identify various inter-connected activity areas and hearths, making up the main feature 

of space structuring. This functional articulation of the camps can be linked both to the cultural and 

social roots of the Neanderthal groups that contributed to the formation of these archaeo-

stratigraphic Units and to the actual nature of these Mousterian camp-sites. 



The presence both of multipurpose hearth-related activity areas and “special” segregated activity 

areas (as the possible sleeping/resting areas and the secondary-refuse disposal areas) together with 

the clear site-structuration suggest a long-term nature of the occupations overlapped in SUs 13–11. 

From a diachronic perspective, the sequence of these long-term Mousterian camps took place within 

the framework of the continuous Neanderthals cyclical mobility. The gradual small-scale variations 

accumulated in the spatial patterns se- quence are a time-average consequence of the spatial palimp- 

sest spanning from SU 13 to SU 11a. Among the strongest evidence of these continuities, it is worth 

reminding the per- manency of the same general settling scheme, the gradual size-growing of the 

hearths, the hearths alignments rotation from a sub-parallel to a diagonal orientation in relation to 

the shelter wall enclosing an “inner place”, the persistence of a possible sleeping area in this “inner” 

part of the shelter and the continuity of the lithic production. The dichotomy between these small-

scale variations and the general identity of the site structure seems to suggest the fascinating idea of 

a sort of historical memory of places handed down during the camp cyclical transfers. Namely, we 

could be looking at the material representation of the dialectic relationship between the collec- tive 

memory of Group and deep-time. In light of the mobility strategy adopted, the historical memory of 

places repre- sents a key factor for the hunter-gatherer's survival, in particular when the crucial 

resources are not homoge- neously distributed in the territory. In this sense, the Oscurusciuto 

Rockshelter could have represented a very important placemark in the cognitive map of a number of 

Neanderthal Groups of Southern Italy. 

 

Acknowledgements  

The research projects, still ongoing, began in 1998 and were carried on by the Dipartimento di 

Scienze Fisiche, della Terra e dell’Ambiente, U.R. Preistoria e Antropologia of the University of 

Siena (Italy) with the partnership of Soprintendenza Archeologia Belle Arti e Paesaggio per le 

province di Brindisi, Lecce e Taranto, the local Section of Legambiente and the Municipality of 

Ginosa. The authors are indebted to the Municipality of Ginosa, Ms. Piero di Canio (and his 

family), Onlus CESQ and to all the participants in the excavation of 2009- 2011 (with some of the 

authors: C. Abruzzese, S. Alconchel Romero, S. Condemi, J. Crezzini, Elena D’Itria, P. 

Gambassini, F. Granito, Z. Guerrero Bueno, S. Mainieri, A. Moro, G. Musella, E. Orso, F. 

Paraskoulakis, M. J. Peñalver Puerta, A. Pizzarelli, F. Ranaldo, M. Serradimigni, V. Stasolla, M. 

Valeri). Many thanks to Sem Scaramucci for helping with English reviewing. The sedimentological 

and strati- graphic analyses were funded by the National Geographic Society/ Exploration Grant 

Program (grant NGS-61617R-19 to I. Martini). 

  

Author contribution  

Annamaria Ronchitelli is the research coordinator with Paolo Boscato and Francesco Boschin. 

Giulia Marciani in collabo- ration with Daniele Aureli studied the lithic industry. Ivan Martini per- 

formed the geoarchaeological analysis. Francesco Boschin and Paolo Boscato analysed the faunal 

remains. Vincenzo Spagnolo conceptualized the paper and performed the palimpsest dissecting and 

the spatial analy- ses. All the authors collaborated in writing reviewing and editing the final version 

of the paper. 

 

 



References 

 

Adler DS, Prindiville TJ, Conard NJ (2003) Patterns of spatial organiza- tion and land use during 

the Eemian interglacial in the Rhineland: new data from Wallertheim, Germany. Eurasian 

Prehistory 1(2):25– 78 

Anderson L, Lejay M, Brugal JP, Costamagno S, Heckel C, de Araujo IM, Pradeau JV, Salomon H, 

Sellami F, Théry-Parisot I, Barshay- Szmidt C, Mensan R, Bon F (2018) Insights into Aurignacian 

daily life and camp organization: the open-air site of Régismont-le-haut. Quat Int 498:69–98. 

https://doi.org/10.1016/j.quaint.2018.04.034 

Angelucci DE, Anesin D, Susini D, Villaverde V, Zapata J, Zilhão J (2018) A tale of two gorges: 

Late Quaternary site formation and surface dynamics in the Mula basin (Murcia, Spain). Quat Int 

485: 4–22. https://doi.org/10.1016/j.quaint.2018.06.001 

Baena Preysler J, Torres Navas C (2019) Explaining links from the past: material distribution in 

Charco Hondo 2 Acheulian archeological site (Madrid, Spain). Archaeol Anthropol Sci 11:4397–

4421. https://doi.org/10.1007/s12520-019-00816-5 

Bailey GN (2007) Time perspectives, palimpsests and the archaeology of time. J Anthropol 

Archaeol 26(2):198–223. https://doi.org/10.1016/ j.jaa.2006.08.002 

Bailey G, Galanidou N (2009) Caves, palimpsests and dwelling spaces: examples from the Upper 

Palaeolithic of south-east Europe. World Archaeology 41(2):215–241 

Bargalló A, Gabucio MJ, Rivals F (2016) Puzzling out a palimpsest: testing an interdisciplinary 

study in level O of Abric Romaní. Quat Int 417:51–65. https://doi.org/10.1016/j.quaint.2015.09.066 

Bataille G (2006). The production and usage of stone Artefacts in relation to faunal exploitation – 

the repeatedly visited primary Butchering Station of level II/7E. In: Chabai V, Richter J, Uthmeier 

Th (eds.), Kabazi II: the 70 000 years since the last interglacial. Palaeolithic sites of Crimea, Vol. 2. 

University of Cologne, Simferopol – Cologne. pp. 111–130 

Binford LR (1980) Willow smoke and dogs’ tails: hunter-gatherer settle- ment systems and 

archaeological site. Am Antiq 45(1):4–20 

Binford LR (1983). Pursuit of the past. Decoding the Archaeological Record. Thames & Hudson 

Ltd, London 

Boëda E (2013) Techno-logic & technology: a paleo-history of sharp lithic objects [techno-logique 

& technologie: Une paléo-histoire des objets lithiques tranchants]. Archéo-éditions, Prigonrieux 

Boscato P (2017). Ambienti ed economia nel Paleolitico medio della Puglia: lo studio delle faune. 

In: Radina F (Ed), Atti XLVII Riun. Sc. I.I.P.P., Ostuni (BR), 9-13 Ottobre 2012. Firenze, pp. 119-

124 

Boscato P, Crezzini J (2007) The exploitation of ungulate bones in Homo neanderthalensis and 

Homo sapiens. Hum Evol 21:311–320. https:// doi.org/10.1007/s11598-006-9031-8 

Boscato P, Crezzini J (2012) Middle-upper Palaeolithic transition in southern Italy: Uluzzian 

macromammals from Grotta del Cavallo (Apulia). Quat Int 252:90–98. 

https://doi.org/10.1016/j.quaint. 2011.03.028 



Boscato P, Ronchitelli A (2017). Le strutture di combustione al Riparo l’Oscurusciuto (Ginosa e 

TA). In: Radina F (Ed), Atti XLVII Riun. Sc. I.I.P.P., Ostuni (BR), 9-13 Ottobre 2012. Firenze, pp. 

175-180 

Boscato P, Boschian G, Caramia F, Gambassini P (2009) Il Riparo del Poggio a Marina di 

Camerota (Salerno): culture ed ambiente. Riv Sci Preist LIX:5–40 

Bosch RF, White WB (2004) Lithofacies and transport of clastic sedi- ments in karstic aquifers. In: 

Sasowsky ID, Mylroie JE (eds) In Studies of cave sediments. Academic Press: Cambridge/Plenum 

Press, New York, pp 1–22 

Brantingham PJ, Surovell TA, Waguespack NM (2007) Modeling post- depositional mixing of 

archaeological deposits. J Anthropol Archaeol 26:517–540. 

https://doi.org/10.1016/j.jaa.2007.08.003 

Bunn H, Harris JWK, Isaac G, Kaufulu Z, Kroll E, Schick K, Toth N, Behrensmeyer AK (1980) 

FxJj50: an early Pleistocene site in north- ern Kenya. World Archaeol 12(2):109–136 

http://www.jstor.org/ stable/124398. . Accessed 15 Dec 2014 

Canals A, Vallverdú J, Carbonell E (2003) New archaeo-stratigraphic data for the TD6 level in 

relation to Homo antecessor (Lower Pleistocene) at the site of Atapuerca, North-Central Spain. 

Geoarchaeology 18:481–504. https://doi.org/10.1002/gea.10071 

Caramia F, Gambassini P (2006) Il Musteriano evoluto del Riparo del Poggio (strati 9 e 10) a 

Marina di Camerota – Salerno. Rassegna di Archeologia Preistorica e protostorica 22(A):67–95 

Carrión JS, Walker MJ (2019) Background to neanderthal presence in Western mediterranean 

Europe. Quat Sci Rev 217:7–44. https:// doi.org/10.1016/j.quascirev.2018.10.011 

Carmignani L (2010) L’industria litica del livello FIIIe di Grotta del Cavallo (Nardò, Lecce): 

osservazioni su una produzione lamino- lamellare in un contesto del Musteriano finale. Origini 

32:7–26 

Carmignani L (2011). Le ultime espressioni del Musteriano nell’Italia del Sud-Est. Variabilità 

tecnologiche e comportamenti tecno-economici in un contesto peninsulare: I casi di Grotta del 

Cavallo e Grotta Mario Bernardini. Nardo (Lecce). PhD Dissertation, Università degli Studi di 

Siena 

Carr C (1991) Left in the dust. Contextual information in model-focused archaeology. In: Kroll EM, 

Douglas Price T (eds) The interpretation of archaeological spatial patterning. Springer, New York-

London, pp 221–256 

Carrer F (2017) Interpreting intra-site spatial patterns in seasonal con- texts: an ethnoarchaeological 

case study from the Western Alps. J Archaeol Method Theory 24(2):303–327. 

https://doi.org/10.1007/ s10816-015-9268-5 

Chacón MG, Bargalló A, Gabucio MJ, Rivals F, Vaquero M (2015) Neanderthal behaviors from a 

spatio-temporal perspective: an inter- disciplinary approach to interpret archaeological assemblages. 

In: Conard NJ, Delagnes A (eds) Settlement dynamics of the middle Paleolithic and middle stone 

age, IV edn. Kerns Verlag, Tübingen, pp 253–294 

Chadelle JP (2000). Le gisement de champ-Parel 3 à Bergerac (Dordogne, France). Observations 

taphonomiques Sur un atelier de taille aurignacien en plein-air/the site of champ-Parel 3 near 



Bergerac (Dordogne, France). Taphonomic observations on an Aurignacian open-air lithic 

workshop. Paléo 12:409–412; https:// doi.org/10.3406/pal.2000.1612 

Clark AE (2015). Spatial structure and the temporality of assemblage formation: a comparative 

study of seven open air Middle Paleolithic sites in France. Ph.D. Dissertation. University of 

Arizona, U.S.A. 

Clark AE (2017) From activity areas to occupational histories: new methods to document the 

formation of spatial structure in hunter- gatherer sites. J Archaeol Method Theory 24:1300–1325. 

https:// doi.org/10.1007/s10816-017-9313-7 

Clarke DL (1977) Spatial archaeology. Academic Press. Inc., London Collinson JC, Mountney NP, 

Thompson DB (2006) Sedimentary structures, 3. Terra Publishing, Harpenden 

Conolly J, Lake M (2006) Geographical information system in archaeol- ogy. Cambridge 

University Press, Cambridge 

Crezzini J, Boscato P, Ricci S, Ronchitelli A, Spagnolo V, Boschin F (2016) A spotted hyaena den 

in the middle Palaeolithic of Grotta Paglicci (Gargano promontory, Apulia, Southern Italy). 

Archaeol Anthropol Sci 8:227–240. https://doi.org/10.1007/s12520-015- 0273-0 

de Lumley H, Barrier P, Cauche D, Echassoux A, El Guennouni K, Khatib S, Mestour B, Valensi P 

(2018). Comportements de subsistance et mode de vie des Homo erectus Européens évolués de la 

Grotte du Lazaret. In: de Lumley MA (Ed.), Les restes humains fossiles de la grotte du Lazare t. 

Nice, Alpes-Maritimes, France. CNRS Editions, Paris. pp. 155–215 

De Stefani, M., Dini, M., Klempererova, H., Peresani, M., Ranaldo, F., Ronchitelli, A., Ziggiotti, S. 

(2012). Continuity and replacement in flake production across the Middle-Upper Palaeolithic 

transition: a view over the Italian Peninsula. In: Pastoors A (Ed.). Flakes not blades: the role of 

flake production at the onset of the Upper Palaeolithic in Europe. Mettmann, 135–151. 

Dell’Unto N (2014). The Use of 3D Models for Intra-Site Investigation in Archaeology. In 

Campana S, Remondino F (Eds.), 3D Recording and Modeling in Archaeology and Cultural 

Heritage. BAR International Series 2598. Archaeopress 

Depaepe P (2004) Fonctions des sites et gestion du territorire: le Paléolithique Moyen Récent de la 

Vallée de la Vanne (France). In: Conard NJ (ed) Settlement dynamics of the middle Paleolithic and 

middle stone age, vol II. Kerns Verlag, Tübingen, pp 373–393 

Diez-Martín F, Sánchez-Yustos P, Uribelarrea D, Domínguez-Rodrigo M, Fraile-Márquez C, 

Obregón RA, Díaz-Muñoz I, Mabulla A, Baquedano E, Pérez-González A, Bunn HT (2014) New 

archaeo- logical and geological research at SHK main site (bed II, Olduvai Gorge, Tanzania). Quat 

Int 322-323:107–128. https://doi.org/10. 1016/j.quaint.2013.11.004 

Diez-Martín F, Fraile C, Uribelarrea D, Sánchez-Yustos P, Domínguez- Rodrigo M, Duque J, Díaz 

I, De Francisco S, Yravedra J, Mabulla A, Baquedano E (2017) SHK extension: a new 

archaeological win- dow in the SHK fluvial landscape of middle bed II (Olduvai Gorge, Tanzania). 

Boreas 46(4):831–859. https://doi.org/10.1111/bor. 12246 

Fenu P, Pizziolo G, Sarti L, Viti S (2002). Elaborazioni GIS e VR dei livelli Musteriani FIIIc ed 

FIIId di Grotta del Cavallo (Nardò, Lecce). In: Peretto C (Ed.) 2002. Analisi informatizzata e 

trattamento dati delle strutture di abitato di età preistorica e protostorica in Italia. Origines, Firenze, 

pp. 101e116 



Fletcher R (2008) Some spatial analyses of chalcolithic settlement in southern Israel. J Archaeol Sci 

35:2048–2058. https://doi.org/10. 1016/j.jas.2008.01.009 

Folgado M, Brenet M (2010) Economie de débitage et organisation de l’espace technique sur le site 

du Paléolithique moyen de plein-air de La Mouline (Dordogne, France). In: Conard NJ, Delagnes A 

(eds) Settlement dynamics of the Middle Paleolithic and Middle Stone Age, III edn. Kerns Verlag, 

Tübingen, pp 427–454 

Gabucio MJ, Cáceres I, Rosell J, Saladié P, Vallverdú J (2014) From small bone fragments to 

Neanderthal activity areas: the case of level O of the Abric Romaní (Capellades, Barcelona, Spain). 

Quat Int 330:36– 51. https://doi.org/10.1016/j.quaint.2013.12.015 

Gabucio MJ, Fernández-Laso MC, Rosell J (2018) Turning a rock shelter into a home. Neanderthal 

use of space in Abric Romaní levels M and O. Hist Biol 30(6):743–766. 

https://doi.org/10.1080/08912963. 2017.1340470 

Galanidou N (1997) Home is where the hearth is’: the spatial organisation of the upper Palaeolithic 

Rockshelter occupations at Klithi and Kastristsa in Northwest Greece. BAR International Series, 

Oxford, p 687 

Galanidou N (2000) Patterns in Caves: Foragers, Horticulturists, and the Use of Space. Journal of 

Anthropological Archaeology 19(3):243– 275 

Gambassini P (1997) Il Paleolitico di Castelcivita: Culture e Ambiente. Electa:343–375 

Gamble C (1986) The Paleolithic settlement of Europe. Cambridge University Press, Cambridge 

Garcea EAA, Spagnolo V (2018). Spatial analysis of the Khartoum var- iant site 8-B-10C (8th-6th 

mill. BC) at Sai Island (Sudan): prelimi- nary results. 2018 IEEE international workshop on 

metrology for archaeology and cultural heritage (MetroArchaeo 2018) proceed- ings. Pp. 456-460 

García-Moreno A, Smith GM, Kindler L, Pop E, Roebroeks W, Gaudzinski-Windheuser S, 

Klinkenberg V (2016) Evaluating the incidence of hydrological processes during site formation 

through orientation analysis. A case study of the middle Palaeolithic Lakeland site of Neumark-

Nord 2 (Germany). J Archaeol Sci Rep 6:82–93. https://doi.org/10.1016/j.jasrep.2016.01.023 

Geneste JM (2010) Systèmes techniques de production lithique. Techniques & Culture 54-55:419–

449. https://doi.org/10.4000/tc. 5013 

Gravina B, Bachellerie F, Caux S, Discamps E, Faivre JP, Galland A, Michel A, Teyssandier N, 

Bordes JG (2018) No reliable evidence for a Neanderthal-Châtelperronian Association at La Roche-

à-Pierrot, Saint-Césaire. Sci Rep 8:15134. https://doi.org/10.1038/s41598- 018-33084-9 

Hayden B (2012) Neandertal social structure? Oxf J Archaeol 31(1):1– 26. 

https://doi.org/10.1111/j.1468-0092.2011.00376.x 

Hammer Ø, Harper DAT, Ryan PD (2001) PAST: paleontological statis- tics software package for 

education and data analysis. Palaeontol Electron 4(1):9pp 

Henry D (2012) The palimpsest problem, hearth pattern analysis, and middle Paleolithic site 

structure. Quat Int 247:246–266. https://doi. org/10.1016/j.quaint.2010.10.013 

Higham T, Douka K, Wood R, Ramsey CB, Brock F, Basell L, Camps M, Arrizabalaga A, Baena J, 

Barroso-Ruíz C, Bergman C, Boitard C, Boscato P, Caparrós M, Conard NJ, Draily C, Froment A, 



Galván B, Gambassini P, Garcia-Moreno A, Grimaldi S, Haesaerts P, Holt B, Iriarte-Chiapusso MJ, 

Jelinek A, Pardo JFJ, Maíllo-Fernández JM, Marom A, Maroto J, Menéndez M, Metz L, Morin E, 

Moroni A, Negrino F, Panagopoulou E, Peresani M, Pirson S, de la Rasilla M, Riel-Salvatore J, 

Ronchitelli A, Santamaria D, Semal P, Slimak L, Soler J, Soler N, Villaluenga A, Pinhasi R, Jacobi 

R (2014) The timing and spatiotemporal patterning of Neanderthal disappearance. Nature 

512(7514):306–309 

Hodder J, Hutson S (2003) Reading the past. In: Current approaches to interpretation in 

archaeology, 3rd edn. Cambridge University press, Cambridge, pp 156–205 

Iacoviello F, Martini I (2012) Provenance and geological significance of red mud and other clastic 

sediments of the Mugnano cave (Montagnola Senese, Italy). Int J Speleol 41:317–328. https://doi. 

org/10.5038/1827-806X.41.2.17 

Iacoviello F, Martini I (2013) Clay minerals in cave sediments and terra rossa soils in the 

Montagnola Senese karst massif (Italy). Geological Quarterly 57:527–536. 

https://doi.org/10.7306/gq.1111 

Ichikawa M, Hattori S, Yasuoka H (2011). Environmental knowledge among Central African 

hunter-gatherers: types of knowledge and intra-cultural variations. In: Hitchcock RK, Lovis WA, 

Whallon R (Eds.). Information and its role in hunter-gatherer bands. The Cotsen Institute of 

Archaeology Press, U.S.A. pp. 117–132 

Inizan ML, Reduron-Ballinger M, Roche H, Tixier J (1995) Technologie de la pierre taillée. 

Préhistoire de la pierre taillée, t. 4. CREP, Meudon 

Jaubert J, Verheyden S, Genty D, Soulier M, Cheng H, Blamart D, Cheng H, Blamart D, Burlet C, 

Camus H, Delaby S, Deldicque D, Edwards RL, Ferrier C, Lacrampe-Cuyaubère F, Lévêque F, 

Maksud F, Mora P, Muth X, Régnier É, Rouzaud JN, Santos F (2016) Early Neanderthal 

constructions deep in Bruniquel cave in southwestern France. Nature 534(7605):111–114. 

https://doi.org/10.1038/ nature18291 

Karkanas P, Shahack-Gross R, Ayalon A, Bar-Matthews M, Barkai R, Frumkin A, Gopher A, 

Stiner MC (2007) Evidence for habitual use of fire at the end of the lower Paleolithic: site-

formation processes at Qesem cave, Israel. J Hum Evol 53(2):197–212. https://doi.org/10. 

1016/j.jhevol.2007.04.002 

Kelly RL (2013). The lifeways of hunter-gatherers. The foraging spec- trum. Cambridge University 

Press, New York 

Kent S (1987) Understanding the use of space: an ethnoarchaeological approach. In: Kent S (ed) 

Method and theory for activity area re- search. Columbia University Press, New York, pp 1–60 

Kent S (1991) The relationship between mobility strategies and site struc- ture. In: Kroll EM, 

Douglas Price T (eds) The interpretation of archaeological spatial patterning. Plenum Press, New 

York, pp 33– 59 

Lancelotti C, Negre Pérez J, Alcaina-Mateos J, Carrer F (2017) Intra-site spatial analysis in 

ethnoarchaeology. Environ Archaeol 22(4):354– 364. 

https://doi.org/10.1080/14614103.2017.1299908 

Leierer L, Jambrina-Enríquez M, Herrera-Herrera AV, Connolly R, Hernández CM, Galván B, 

Mallol C (2019) Insights into the timing, intensity and natural setting of Neanderthal occupation 



from the geoarchaeological study of combustion structures: a micromorpho- logical and biomarker 

investigation of El Salt, unit Xb, Alcoy, Spain. PLoS One 14(4):e0214955. 

https://doi.org/10.1371/journal. pone.0214955 

Lembo G, Bertolini M, Peretto C, Rufo E, Thun Hohenstein U (2012). Analisi spaziali dei reperti 

faunistici e litici dell’US 5. In: Peretto, C. (Ed.), L’insediamento musteriano di Grotta Reali. 

Rocchetta a Volturno, Molise, Italia. Museologia Scientifica e Naturalistica 8/2, pp. 133-141 

Leroi-Gourhan A (1964) Le geste et la parole, t. Albin Michel, Paris, pp I–II 

López-Ortega E, Bargalló A, de Lombera-Hermida A, Mosquera M, Ollé A, Rodríguez-Álvarez XP 

(2017) Quartz and quartzite refits at gran Dolina (sierra de Atapuerca, Burgos): connecting lithic 

artefacts in the middle Pleistocene unit of TD10. 1. Quat Int 433(A):85–102. 

https://doi.org/10.1016/j.quaint.2015.09.026 

Lovis WA, Donahue RE (2011). Space, Information, and Knowledge: Ethnocartography and North 

American boreal forest hunter-gath- erers. In: Hitchcock RK, Lovis WA, Whallon R (Eds.). 

Information and its role in hunter-gatherer bands. The Cotsen Institute of Archaeology Press, 

U.S.A. pp. 58–84 

Machado J, Pérez L (2016) Temporal frameworks to approach human behavior concealed in middle 

Palaeolithic palimpsests: a high- resolution example from El salt stratigraphic unit X (Alicante, 

Spain). Quat Int 417:66–81. https://doi.org/10.1016/j.quaint.2015. 11.050 

Machado J, Hernández M, Mallol C, Galván B (2013) Lithic production, site formation and middle 

Palaeolithic palimpsest analysis: in search of human occupation episodes at Abric del Pastor 

stratigraphic unit IV (Alicante, Spain). J Archaeol Sci 40(5):2254–2273. https://doi. 

org/10.1016/j.jas.2013.01.002 

Machado J, Mayor A, Hernández CM, Galván B (2019) Lithic refitting and the analysis of Middle 

Palaeolithic settlement dynamics: a high- temporal resolution example from El Pastor rock shelter 

(Eastern Iberia). Archaeol Anthropol Sci 11:4539–4554. https://doi.org/10. 1007/s12520-019-

00859-8 

Mackay A, Sumner A, Jacobs Z, Marwick B, Bluff K, Shaw M (2014) Putslaagte 1 (PL1), the 

Doring River, and the later middle stone age in southern Africa’s winter rainfall zone. Quat Int 

350:43–58. https:// doi.org/10.1016/j.quaint.2014.05.007 

Marciani G (2018). Continuities and discontinuities during the late mid- dle Palaeolithic at the 

Oscurusciuto rock shelter (southern Italy). An integrated study of lithic manufacture in the strata SU 

15, SU 14, SU 13 and SU 11. Ph.D. Dissertation. Erasmus Mundus, Universitat Rovira, Virgili 

Tarragona, Spain 

Marciani G, Spagnolo V, Aureli D, Ranaldo F, Boscato P, Ronchitelli A (2016) Middle Palaeolithic 

technical behaviour: material import- export and Levallois production at the SU 13 of Oscurusciuto 

rock shelter, southern Italy. J Lit Stud 3(2):24. https://doi.org/10.2218/jls. v3i2.1414 

Marciani G, Arrighi S, Aureli D, Spagnolo V, Boscato P, Ronchitelli A (2018). Middle Palaeolithic 

lithic tools. Techno-functional and use- wear analysis of target objects from SU 13 at the 

Oscurusciuto rock shelter, Southern Italy. J. Lit. Stud. in press. https://doi.org/10.2218/ jls.2745 

Marciani G, Ronchitelli A, Arrighi A, Badino F, Bortolini E, Boscato P, Boschin F, Crezzini J, 

Delpiano D, Falcucci A, Figus C, Lugli F, Oxilia G, Romandini M, Riel-Salvatore J, Negrino F, 



Peresani M, Spinapolice EE, Moroni A, Benazzi S (2019) Lithic techno- complexes in Italy from 50 

to 39 thousand years BP: An overview of lithic technological changes across the Middle-Upper 

Palaeolithic boundary. Quaternary International 

Martínez-Moreno J, Mora R, de la Torre I (2004) The middle-to-upper Palaeolithic transition in 

Cova gran (Catalunya, Spain) and the ex- tinction of Neanderthals in the Iberian Peninsula. J Hum 

Evol 58: 211–226. https://doi.org/10.1016/j.jhevol.2009.09.002 

Martínez-Moreno J, de la Torre I, Mora R, Casanova J (2010) Technical variability and changes in 

the pattern of settlement at Roca dels Bous (southeastern pre-Pyrenees, Spain). In: Conard N (ed) 

Settlement dynamics of the middle Paleolithic and middle stone age, III edn. Tübingen, Kerns 

Verlag, pp 485–507 

Martínez-Moreno J, Mora R, Roy Sunyer M, Benito Calvo A (2016) From site formation processes 

to human behaviour: towards a con- structive approach to depict palimpsests in Roca dels Bous. 

Quat Int 417:82–93. https://doi.org/10.1016/j.quaint.2015.09.038 

Martínez-Moreno J, Mora Tocal R, Benito Calvo A, Roy Sunyer M, Sánchez-Martínez J (2019) A 

bunch of refits: 497D blade knapping assemblage of the early upper Paleolithic in Cova gran 

(Northeast Iberia). Archaeol Anthropol Sci 11:4585–4600. https://doi.org/10. 1007/s12520-018-

0726-3 

Martini I (2011) Cave clastic sediments and implications for speleogenesis: new insights from the 

Mugnano cave (Montagnola Senese, northern Apennines, Italy). Geomorphology 134(3–4):452– 

460. https://doi.org/10.1016/j.geomorph.2011.07.024 

Martini I, Ronchitelli A, Arrighi S, Capecchi G, Ricci S, Scaramucci S, Spagnolo V, Gambassini P, 

Moroni A (2018) Cave clastic sediments as a tool for refining the study of human occupation of 

prehistoric sites: insights from the cave site of La Cala (Cilento, southern Italy). J Quat Sci 

33(5):586–596. https://doi.org/10.1002/jqs.3038 

Mcbrearty S, Brooks AS (2000) The revolution that wasn't: a new inter- pretation of the origin of 

modern human behaviour. J Hum Evol 39(5):453–563. https://doi.org/10.1006/jhev.2000.0435 

Mellars P (1996) The Neanderthal legacy. An archaeological perspective from Western Europe. 

Princeton University Press, Princeton 

Mellars P, Stringer C (1989) The human revolution. Edinburgh University Press, Edinburgh 

Modolo M, Rosell J (2017) Reconstructing occupational models: bone refits in level I of Abric 

Romaní. Quat Int 435(A):180–194. https:// doi.org/10.1016/j.quaint.2015.12.098 

Mora R, Martínez-Moreno J, Roy Sunyer M, Benito Calvo A, Polo-Díaz A, Samper Carro S (2018) 

Contextual, technological and chrono- metric data from Cova gran: their contribution to discussion 

of the middle-to-upper Paleolithic transition in northeastern Iberia. Quat Int 474(A):30–43. 

https://doi.org/10.1016/j.quaint.2016.05.017 

Moreau G, Locht J-L (2017) Importance de l’utilisation du Système d’Information Géographique 

pour les vastes sites de plein air du Paléolithique moyen en France septentrionale. L’Exemple de 

Caours (Somme, France) et Beauvais (Oise, France). Archéo numér 1(1):1–12. 

https://doi.org/10.21494/iste.op.2017.0170 



Moroni A, Boscato P, Ronchitelli A (2013) What roots for the Uluzzian? Modern behaviour in 

central-southern Italy and hypotheses on AMH dispersal routes. Quat Int 316:27–44. 

https://doi.org/10. 1016/j.quaint.2012.10.051 

Moroni A, Ronchitelli A, Arrighi S, Aureli D, Bailey SE, Boscato P, Boschin P, Capecchi G, 

Crezzini J, Douka K, Marciani G, Panetta D, Ranaldo F, Ricci S, Scaramucci S, Spagnolo V, 

Benazzi S, Gambassini P (2018) Grotta del Cavallo (Apulia – southern Italy). The Uluzzian in the 

mirror. J Anthropol Sci 96:125–160. https://doi. org/10.4436/JASS.96004 

Moroni A, Boschian G, Crezzini J, Montanari-Canini G, Marciani G, Capecchi G, Arrighi S, Aureli 

D, Berto C, Freguglia M, Araujo A, Scaramucci S, Hublin JJ, Lauer T, Benazzi S, Parenti F, Bonato 

M, Ricci S, Talamo S, Segre AG, Boschin F, Spagnolo V (2019) Late Neandertals in Central Italy. 

High-resolution chronicles from Grotta Dei Santi (Monte Argentario - Tuscany). Quat Sci Rev 

217:130– 151. https://doi.org/10.1016/j.quascirev.2018.11.021 

Moroni A, Spagnolo V, Crezzini J, Boschin F, Benvenuti M, Gardin S, Cipriani S, Arrighi S (in 

press) Settlement, space organization and land-use of a small Middle Bronze Age community of 

central Italy. The case study of Gorgo del Ciliegio (Arezzo-Tuscany). Quat Int xxx:1–16. 

https://doi.org/10.1016/j.quaint.2019.02.011 

Neruda P (2017) GIS analysis of the spatial distribution of middle Palaeolithic artefacts in Kůlna 

cave (Czech Republic). Quat Int 435(A):58–76. https://doi.org/10.1016/j.quaint.2015.10.028 

Newell R (1987) Reconstruction of the partitioning and utilization of outside space in a late 

prehistoric/early historic Inupiat village. In: Kent S (ed) Method and theory for activity area 

research: an ethnoarchaeological approach. Columbia University Press, New York, pp 107–175 

O’Connell J (1987) Alyawara site structure and its archaeological impli- cations. Am Antiq 52:74–

108. https://doi.org/10.2307/281061 

Ortiz Nieto-Márquez I, Baena Preysler J (2017) Did stones speak about people? Flint catchment and 

Neanderthal behavior from area 3 (Cañaveral, Madrid-Spain). Quat Int 435(A):144–163. https://doi. 

org/10.1016/j.quaint.2016.01.019 

Palma di Cesnola A (1964) Prima campagna di scavi nella Grotta del Cavallo presso Santa Caterina 

(Lecce). Riv Sci Preist 19:41–74 

Palma di Cesnola A (2004) Rapports entre l’Aurignacien et l’Uluzzien en Italie. In: Actes du 

XIVème Congrès UISPP Université de Liège, Belgique, 2–8 septembre 2001, Section 6. Le 

Paléolitique Supérieur, 

BAR, pp 7–12 

Pelegrin J, Karlin C, Bodu P (1988). “Chaînes opératoires”: un outil pour le préhistorien. 

Technologie préhistorique Notes et Monographies techniques, 25 

Peresani M, Chrzavzez J, Danti A, de March M, Duches R, Gurioli F, Muratori S, Romandini M, 

Trombino L, Tagliacozzo A (2011) Fire- places, frequentations and the environmental setting of the 

final Mousterian at Grotta di Fumane: a report from the 2006-2008 re- search. Quartar 58:131–151 

Peretto C, Biagi P, Boschian G, Broglio A, De Stefani M, Fasani L, Fontana F, Grifoni R, 

Guerreschi A, Iacopini A, Minelli A, Pala R, Peresani M, Radis G, Ronchitelli A, Sarti L, 

Hohenstein UT, Tozzi C (2004) Living-floors and structures from the lower paleolithic to the 

bronze age in Italy. Coll Antropol 28:63–88 



Perlès C (1991). Economie des matières premières et économie du débitage: deux conceptions 

opposées? In: 25 [Vingt Cinq] Ans d’études Technologiques En Préhistoire: Bilan et Perspectives. 

Apdca, Juan-Lespins, pp. 35–45 

Plavšić S (2015) Spatial Distribution Analysis of Burnt Artifacts and Combustion Areas in Layer 3 

of Velika Balanica Cave [Анализа просторне дистрибуције горелих артефаката и зона горења 

у слоју 3 Велике Баланице]. J Serb Archaeol Soc 31:7–37 

Ranaldo F (2017). L’arco ionico pugliese tra la fine del Paleolitico medio e gli esordi del Paleolitico 

superiore: problemi e prospettive di ricerca per la ricostruzione dei sistemi antropici. In: Radina F 

(Ed), Atti XLVII Riun. Sc. I.I.P.P., Ostuni (BR), 9-13 Ottobre 2012. Firenze, pp. 53-60 

Real C, Eixea A, Sanchis A, Morales JV, Klasen N, Zilhão J, Villaverde V (2018) Abrigo de la 

Quebrada level IV (Valencia, Spain): interpreting a middle Palaeolithic palimpsest from a 

Zooarchaeological and lithic perspective. J Paleolithic Archaeol:1– 38. 

https://doi.org/10.1007/s41982-018-0012-z 

Romagnoli F, Vaquero M (2016) Quantitative stone tools intra-site point and orientation patterns of 

a middle Palaeolithic living floor: a GIS multi-scalar spatial and temporal approach. Quartar 63:47–

60. https://doi.org/10.7485/QU63_3 

Ronchitelli A, Boscato P, Surdi G, Masini F, Petruso D, Accorsi CA, Torri P (2011) The Grotta 

Grande of Scario (Salerno, Italy): archaeology and environment during the last interglacial (MIS 5) 

of the mediter- ranean region. Quat Int 231:95–109. https://doi.org/10.1016/j. quaint.2010.07.006 

Sánchez-Romero L, Canals A, Pérez-González A, Márquez B, Mosquera M, Karampaglidis T, 

Arsuaga JL, Baquedano E (2017) Breaking the palimpsest: an approach to the cultural sequence of 

Neanderthal occupation at the Navalmaíllo rockshelter, Pinilla del Valle (Spain). Trab Prehist 

74(2):225–237. https://doi.org/10.3989/tp. 2017.12192 

Sano K, Arrighi S, Stani C, Aureli D, Boschin F, Fiore I, Spagnolo V, Ricci S, Crezzini J, Boscato 

P, Gala M, Tagliacozzo A, Birarda G, Vaccari L, Ronchitelli A, Moroni A, Benazzi S (2019) The 

earliest evidence for mechanically delivered projectile weapons in Europe. Nature Ecol Evol 

3(10):1409–1414. https://doi.org/10.1038/ s41559-019-0990-3 

Sañudo P, Vallverdú-Poch J, Canals A (2012) Spatial patterns in level j. In: Carbonell I, Roura E 

(eds) High resolution archaeology and Neanderthal behavior. Time and space in level J of Abric 

Romaní (Capellades, Spain). Springer, London, pp 47–76 

Sañudo P, Blasco R, Fernández Peris J (2016) Site formation dynamics and human occupations at 

Bolomor cave (Valencia, Spain): an archaeostratigraphic analysis of levels I to XII (100–200 ka). 

Quat Int 417:94–104. https://doi.org/10.1016/j.quaint.2015.09.044 

Schiffer MB (1972) Archaeological context and systemic context. Am Antiq 37:156–165. 

https://doi.org/10.2307/278203 

Schiffer MB (1975a) Behavioral chain analysis: activities, organization, and the use of space. 

Fieldiana Anthropol 65:103–119 http://www. jstor.org/stable/29782476. Accessed 13 Jan 2013 

Schiffer MB (1975b) Archaeology as behavioral science. Am Anthropol 73:836–848 

http://www.jstor.org/stable/674791. Accessed 12Jan 2015 

Shennan S (1997) Quantifying archaeology. Edimburg University Press, Edimburg 



Spagnolo V (2017). Studio delle strategie insediative del Paleolitico medio in Italia centro-

meridionale. PhD Dissertation, Università degli Studi di Siena 

Spagnolo V, Marciani G, Aureli D, Berna F, Boscato P, Ranaldo F, Ronchitelli A (2016) Between 

hearths and volcanic ash: the SU 13 palimpsest of the Oscurusciuto rock shelter (Ginosa - southern 

Italy): analytical and interpretative questions. Quat Int 417:105– 121. 

https://doi.org/10.1016/j.quaint.2015.11.046 

Spagnolo V, Marciani G, Aureli D, Berna F, Toniello G, Astudillo FJ, Boschin F, Boscato P, 

Ronchitelli A (2019) Neanderthal activity and resting areas from stratigraphic unit 13 at the middle 

Palaeolithic site of Oscurusciuto (Ginosa - Taranto, southern Italy). Quat Sci Rev 217:169–193. 

https://doi.org/10.1016/j.quascirev.2018.06.024 

Speth JD, Tchernov E (2001) Neandertal hunting and meat-processing in the near east. In: Stanford 

CB, Bunn HT (eds) Meat-eating and human evolution. Oxford University Press, Oxford, pp 52–72 

Speth JD, Meignen L, Bar-Yosef O, Goldberg P (2012) Spatial organiza- tion of middle Paleolithic 

occupation X in Kebara cave (Israel): concentrations of animal bones. Quat Int 247:85–102. 

https://doi. org/10.1016/j.quaint.2011.03.001 

Spinapolice EE (2018) Neanderthal mobility pattern and technological organization in the Salento 

(Apulia, Italy). In: Borgia V, Cristiani E (eds) Palaeolithic Italy: advanced studies on early human 

adapta- tions in the Apennine peninsula. Sidestone Press, Leiden, pp 94–124 Stevenson MG (1991) 

Beyond the formation of hearth-associated artifact assemblages. In: Kroll EM, Douglas Price T 

(eds) The interpretation of archaeological spatial patterning. Springer, New York-London, pp 269–

299 

Surovell TA, Waguespack NM, Mayer JH, Kornfeld M, Frison GC (2005) Shallow site 

archaeology: artifact dispersal, stratigraphy, and radiocarbon dating at the Barger gulch locality B 

Folsom site, Middle Park, Colorado. Geoarchaeology 20(6):627–649. https://doi. 

org/10.1002/gea.20071 

Thacher D, Milne SB, Park R (2017) Applying GIS and statistical anal- ysis to assess the 

correlation of human behaviour and ephemeral architectural features among Palaeo-Eskimo sites on 

southern Baffin Island. Nunavut J Archaeol Sci Reports 14:21–30. https:// 

doi.org/10.1016/j.jasrep.2017.05.004 

Valensi P, Michel V, El Guennouni K, Liouville M (2013) New data on human behavior from a 

160,000 year old Acheulean occupation level at Lazaret cave, south-East France: an 

archaeozoological ap- proach. Quat Int 316:123–139. https://doi.org/10.1016/j.quaint. 2013.10.034 

Vallverdú J, Vaquero M, Cáceres I, Allué E, Rosell J, Saladié P, Chacón G, Ollé A, Canals A, Sala 

R, Courty MA, Carbonell E (2010) Sleeping activity area within the site structure of archaic human 

groups: evidence from Abric Romaní level N combustion activity areas. Curr Anthropol 51:137–

145 

Vaquero M (2008) The history of stones: behavioural inferences and temporal resolution of an 

archaeological assemblage from the mid- dle Palaeolithic. J Archaeol Sci 35(12):3178–3185. 

https://doi.org/ 10.1016/j.jas.2008.07.006 

Vaquero M, Chacón MG, Cuartero F, García-Antón MD, Gómez de Soler B, Martínez K (2012) 

Time and space in the formation of lithic assemblages: the example of Abric Romaní level J. Quat 

Int 247: 162–181. https://doi.org/10.1016/j.quaint.2010.12.015 



Vaquero M, Bargalló A, Chacó MG, Romagnoli F, Sañudo P (2015) Lithic recycling in a middle 

Paleolithic expedient context: evidence from the Abric Romaní (Capellades, Spain). Quat Int 

361:212–228. https://doi.org/10.1016/j.quaint.2014.05.055 

Whallon R (1984) Unconstrained clustering for the analysis of spatial distributions in archaeology. 

In: Hietala HJ (ed) Intrasite spatial analysis in archaeology. Cambridge University Press, 

Cambridge, pp 242–277 

Werdelin L, Lewis M (2013) Temporal change in functional richness and evenness in the eastern 

African Plio-Pleistocene carnivoran guild. PLoS One 8(3):1–11. 

https://doi.org/10.1371/journal.pone.0057944 Whallon R (2011). An introduction to information 

and its role in hunter- gatherer bands. In: Hitchcock RK, Lovis WA, Whallon R (Eds.). Information 

and its role in hunter-gatherer bands. The Cotsen Institute of Archaeology Press, U.S.A. pp. 1–27 

Wiśniewski A, Adamiec G, Badura J, Bluszcz A, Kowalska A, Kufel- Diakowska B, Mikołajczyk 

A, Murczkiewicz M, Musil R, Przybylski B, Skrzypek G, Stefaniak K, Zych J (2013) Occupation 

dynamics north of the Carpathians and Sudetes during the 

Weichselian (MIS5d-3): the lower Silesia (SW Poland) case study. Quat Int 294:20–40. 

https://doi.org/10.1016/j.quaint.2011.09.016 

Wiśniewski A, Lauer T, Chłoń M, Pyżewicz K, Weiss M, Badura J, Kalicki T, Zarzecka-Szubińska 

K (2019) Looking for provisioning places of shaped tools of the late Neanderthals: a study of a 

Micoquian open-air site, Pietraszyn 49a (southwestern Poland). Comptes Rendus Palevol 

18(3):367–389. https://doi.org/10.1016/j. crpv.2019.01.003 Publisher’s note Springer Nature 

remains neutral with regard to jurisdic- tional claims in published maps and institutional affiliations. 


