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Abstract. Ramification is the term used to classify brancpextiuctive sequences in which a
functional item (the flake) was exploited as a picid/e item (the core). This technological
behaviour was present in Europe and the Levannhagj in the Lower and Early Middle
Palaeolithic, but ramified productions were inténskeveloped in the Late Middle Palaeolithic.
Traditionally, ramification has been interpretedaasell-structured behaviour, implying its
integration into the provisioning strategies oftgasmans. This viewpoint has significant
implications for the understanding of technologieablution in Neanderthals, suggesting specific
cognitive and socio-economic capacities. Ramifiextedures were characterised by high

flexibility due to the versatile patterns of theemn-flake and are described in the literature as
corresponding to several different knapping coreept technical procedures. This research aimed
to describe the role of ramification in the Latedillie Palaeolithic. We analysed two assemblages
from the Abric Romani site (located in the nortistgaart of the Iberian Peninsula) characterised by
informal, expedient technologies. The focus washenspatial and temporal fragmentation of the
ramified sequences based on the identificationngfis technical events. The reduction of the scale
of analysis and the resulting implementation offieral resolution of the stone tool assemblages in
such expedient contexts allowed us to understandication from an innovative perspective,
setting aside our bias toward well-defined prodwctnethods associated with preconceived
economic and mobility patterns. The results shoteatiramification reflected a range of



behaviours, implying a variety of planning profiety, economic strategies and social interactions.
This means that ‘ramified production’ is not meayfiut unless is linked with a detailed description
of human choices and an understanding of temparhbkpatial relationships between knapping
events. Furthermore, the results showed that,gooagh behavioural issues, we as researchers
must change our unitary vision of assemblages alaige the scope of categories to which we
apply that vision.

Keywords. Middle Palaeolithic; core-on-flake; lithic techogly; spatial analysis; refits; Abric
Romani.

1. Introduction

The concept of ‘ramification’ in the study of pasthnological behaviour was introduced by
Bourguignon et al. (2004) to identify the procdsst allows the diversification of a production
sequence into several phases in which flakes pushjambtained are later exploited as cores. This
means that the technical role of a flake changas that of an object ready to be used (with or
without retouch) and which possesses a functiothgd end a prehensile portion to that of an object
which serves as raw material stock for productiot &hich possesses a specific volumetric
construction suitable to be divided into tools. Whluring the last century, the categories ‘toakla
‘core’ were unambiguously distinct and each waategl to a specific and complementary sphere of
human behaviour, since the late 1990s, it has beabaar that these classes of artefacts are not
always easily distinguished (Newcomer and Hivefaeerre, 1974; Tixier and Turq, 1999;
Bernard-Guelle and Porraz, 2001; Bourguignon and|, T2003; McPherron, 2007; Romagnoli,
2015).

Several studies have shown that the dual rolea&e# used as cores was present in Europe and the
Levant since the Lower and Early Middle Palaedtiif@.g., Delagnes, 1993; Geneste and Plisson,
1996; Ashton, 2007; Assaf et al., 2015), but inse¢hat ramified productions where intensely
developed starting in the European Late Middle &aithic. They have been interpreted by some
authors as a planned behaviour well integratedpgrwisioning strategies since the beginning of
the reduction sequences (Bourguingon et al., 2B@&-Garaizar et al., 2015). The studies have
traditionally focused on the final products isstieain these branching exploitation strategies. They
are recognisable because of the presence on thrsaldurface of a portion of the lower surface of
the original flake used as a core (double ventrdbse). They were short flakes, often microlithic,
with a sharpened cutting edge. Researchers haalyubighlighted the ‘searched’ characteristic of
the ramified micro-production according to sevaspects: the systematic production of small
blanks in Middle Palaeolithic industries; the edgedification through retouch; the presence of
use-wear traces on the functional edge of rambiladks and on micro-flakes in general; the linked
chain of detachments on the core-on-flake duriegéuluction sequence; and the relationship
between ramification and distant raw material resesi (Bourguingon et al., 2004; Rios-Garaizar,
2010, 2012; Claud et al., 2012; Villaverde et2012; Lemorini et al., 2015; Rios-Garaizar et al,
2015). Neither these characteristics were mutwedtjusive, nor were all present on the same
assemblage.

The relevance of understanding ramification asucgired production process in the Late Middle
Palaeolithic lies in the interpretation of the teclogical evolution of Neanderthals. It suggests no
only changes in cognitive capacities, such as ingu@lanning behaviour, but also an increasing



complexity of activity organisation, including neasks and social division of labour (Rios-
Garaizar et al, 2015; Mathias, 2016). Furthermsegeral studies have linked ramified production
to recycling (see: Barkai et al, 2015). Howeveer¢his no general consensus on this issue, and
some studies have asserted the need for the idatibh of a spatial discontinuity between the
core-on-flake sequence and the previous sequenicevihich the secondary production branched
(Vaquero et al., 2015) or the presence of unamhige@vidence of sequential flaking, such as
double patina and obsidian hydration band thickems® associate the exploitation of cores-on-
flakes with recycling (Amick, 2007).

The flexibility of cores and flakes that resultgle possibility of these artefacts having différen
technical roles at different times or even beindtriunctional (this option cannot be excluded due
to the difficulty, in many archaeological casesidantifying the order and the possible temporal
gap between sequential events) suggests that catiofn implies a complex and dynamic pattern of
production, use and discard events. This dynamaityenders the ambiguity of classes and types of
artefacts as universal and generally applied caiegorhis, in turn, implies that, as researchees,
must focus on the degree to which each artefacwiih each category and analyse in detail, on a
case-by-case basis, the economic significancemBhwchoices rather than use an analytical
approach in which exclusive, immovable and rigitegaries are used to describe and understand
human behaviour. Only by changing the analyticgrapach to be more flexible it is possible to
understand the variable patterns of cores-on-flakagsponses of Neanderthal groups to their
physical and social environments (Hovers, 2007;iK@007). Examples of this high degree of
variability include the presence of structured fféadi production processes on the Levantine
Mousterian that were systematically applied tac8trilocally available raw material (Goren-Inbar,
1988; Hovers, 1990); the systematic developmendmified sequences on distantly located
resources in northern Iberia (Rios-Garaizar, 20409t even the association between ramified
sequences and independent debitage productionalf trols.

It is the authors’ opinion that a central aspedhminterpretation of branched production straggi
is the mobility of the cores. Bourguignon et aD@2) identified an underrepresentation of micro-
production with respect to core-on-flake explogatand suggested the mobility of part of the
ramified sequence. The mobility of the cores-olkdhas important implications in three main
domains when approaching this issue from a behealiperspective.

1) Planning and task organisatioifhere is a clear distinction to be made betwhen t
knapping proceedings in the same place where tie &me used and later transformed into
cores-on-flakes, and the fragmentation of the naatibn sequence in different places and
at different times. These are two different proeesa terms of planning. In the first case,
the ramification could have simply been the respdnknapping constraints or a quick way
to obtain sharpened edges as a response to imeedds. In this case, a low level of
standardisation of procedures and products asasaf morpho-technical characteristics of
cores-on-flakes could be expected given that theigcwas quite extemporaneous. This
opportunistic behaviour does not reflect the oagidea proposed by Bourguignon et al.
(2004) and supported by other colleagues that reamibn was a planned behaviour.
However, it is sometimes very difficult to identifiye degree of ‘opportunism’ and of
technical investment in archaeological contextstiewmore, an apparently opportunistic
behaviour could be a strategy based on the praowrgioof places as explained in the
following part two. In this case, ramification wdube a strategy related to human mobility
(see below). The second picture paints a diffeseahario in which the location and timing
of ramified products, and consequently of tasksafoich the products are needed, had been



2)

3)

foreseen and all or some of the flakes were tramsga@s a stock of raw material. In this
case, flakes would likely be quite big; they cobdeasily reduced in size during the
following phases of production. Their use as thafore or during their exploitation as
cores cannot be excludadriori. This scenario must be distinguished by intra-siatial
discontinuity in ramified production, which can &ssociated with recycling (Vaquero et al.,
2015). In the case of recycling, the displaceméth® different phases of ramified
production sequences in different intra-site areag have resulted from responses to
immediate needs and may reflect a specific humgporese in using the site as a raw
material provisioning area. In each case, it isfibs that the behaviour was systematic,
suggesting a certain degree of planning in thekpibog of the site for future visits.

Human mobility strategiest may be intuitively proposed that ramificatiathows raw
material productivity to be maximised but also tihatinimises the costs of raw material
provisioning. This consequence could have beenrdadgaous in cases where exogenous
resources were not available near the site and efenecterised by specific chemical and
physical features strictly linked with the functiand the use-life of tools. At the same time,
maximisation of productivity could have been betiafiin the case of time stress during
tasks. It could also have been conditioned by thbility of the human group and, thus, was
not necessarily relegated to exogenous resoutussstsupported by findings at
archaeological sites (Hovers, 2007). Researchexsajsing in stone tools often take it for
granted that a search for abiotic resources was#ie activity of past populations and,
thus, do not take into account the possibility thég search could have been secondary to
the search for edible and combustible resourcéslidivs that ramification could have been
a response to the need, given high mobility, teehalways available resources that were
ready to be used for production, had a potentlattg use-life, and were not too heavy to be
transported (Bourguignon et al., 2006). Howevanifiaation could also reflect a strategy
based on the provisioning of places as is indichtefindings at sites of relatively long-term
residence (Kuhn, 1995). In this case, the benéfamified production would have been the
flexibility of the procedure, which would have etebNeanderthals to easily create fresh,
sharp edges with minimal processing required.

Informal versus formal knappinérevious studies have pointed out the predeteanin
character of secondary, ramified Middle Palaedifmal products (Delagnes, 1993;
Bourguignon and Turg, 2003; Bourguignon et al.,£2M®ios-Garaizar et al., 2015). In these
cases, the authors described different knappingesegs carried out on a flake used as a
core. Not only were the volumetric constraintsha tore-on-flake different but also the
technical procedures applied and the morpho-teehof@racteristics of the final products.
Furthermore, in the literature on ramified prodocs, they were usually assimilated into
micro-production in general. Micro-production inddiie Palaeolithic is well supported by
findings and was clearly pointed out several yegis though the significance of this
peculiar toolkit implementation in the Late Plecae is still debated. However, neither
core-on-flake and core debitage micro-productioesawecessarily the consequence of a
similar strategy, nor they have similar socio-ecaimimplications. A detailed
understanding of the complexity of ramified prodoics (meaning (i) a high level of control
over the preparation of the volumetric constraamghe core-on-flake beyond the needed
convexity of the ventral surface for productiom), & high level of technological investment
and (iii) a high degree of standardisation of mdthand final products) or, on the contrary,
the expediency of these procedures could suggistetit social dimensions in stone tool
knapping and, most probably, in task organisation.



The high flexibility of ramification and the neegrfresearchers to use categories and classifigation
that are, by their very nature, rigid had generateatro-boxes’ in which have been inserted
apparently very different phenomena and behavidursanalyse in detail not the general trend but
the specific human strategies applied in each aciogical, sedimentary and economic context is
necessary to reduce the scope of analysis and gtadyssemblage at the scale of each technical
event. The event is the focus of behavioural ingatbn and is the only parameter appropriate to
approaching behavioural issues (Vaquero, 2008).iffoemation extracted from the entire lithic
assemblage of an archaeological layer or of anslt@listort the interpretation by making it biased
by the more visible (but not necessary more commweahts and will mislead researchers’
understanding of past behaviours because thewanallyse activities and phenomena together that
did not actually occur in the same moment at timeesplace (Bailey, 2007; Machado et al., 2015;
Gabucio et al., 2016; Roda Gilabert et al., 201@nRgnoli and Vaquero, 2016; Vaquero et al.,
2015). Furthermore, it is of primary importancéo®able to relate each ramification event to a
specific constraint, economic strategy and mobdityl to discern between possible different,
independent events.

The aim of this research is to describe the rolewofification in the Late Middle Palaeolithic. We
technologically analysed chert assemblages fromayers at the Abric Romani site, which is

dated to MIS 3 and characterised by informal préidnanethods with low technical investment

and poorly standardised knapping procedures. Tihdsstries are definable as expedient according
to the low cost that was required for raw matesralcurement due to the lack of strong selection
criteria and, in terms of production time, becaoisthe application of informal knapping methods
with poor control of the morpho-technical charaistars of flakes (Bleed, 1986; Torrence, 1989;
Vaquero and Romagnoli, 2017). The focus of thisaesh has been on the core-on-flake and on the
spatial and temporal fragmentation between theiceator’ and ‘descendant’ production sequences
to understand the technical status of these atteféibhe comprehension of ramification in expedient
contexts allowed the evaluation of the degree afping and the modalities of this behaviour from
a different perspective than has been used upwp aoiding the bias caused by the rigid
definitions of production concepts like those ofifguand Levallois, in which the predetermination
of products and specific economic and mobility medas been emphasised. To understand the
socio-economic significance of the exploitatiorcofe-on-flake production patterns, we have
applied a high-resolution approach in which thegeral resolution of lithic assemblages has been
enlarged to identify single technical events andisguss them in the context of mobility, foraging
strategies and spatial organisation of human aietsvi

2. Materials and methods

We have analysed chert assemblages from layersdNl ahthe Abric Romani Middle Palaeolithic
rockshelter. The site is located in the town of €koles, approximately 50 km north-west of
Barcelona (Fig. 1). The site is on a travertiné ol the right bank of the Anoia river and is
characterised by archaeological levels vertica®l welimited and separated by sterile travertine
platforms (Carbonell i Roura, 2012). The excavateatigraphic sequence is approximately 20
meters thick and covers a timespan ranging frono 24D ka (Bischoff et al., 1988; Vaquero et al.,
2013). A recent core sample has allowed the ideatibn of at least 30 remaining meters of
sediments, enlarging the chronology to 110 ka (®kaal., 2016). Except for layer A, all of the
archaeological layers testify to Middle Palaeotithuman frequentation. Layer Q is being
excavated. From layer H, the archaeological sequbas been investigated over more than 260 m



and fieldwork methods have created a detailedapa&itording of almost the whole surface
occupied by Neanderthals, with the 3D positionim@ iCartesian coordinate system of each lithic
remain more than 1 cm long and faunal bone mome 2ham long using a square grid of 1 m. The
site displays exceptional preservation of remaiitls wery little impact of taphonomic agents
(Caceres et al., 2012; Gabucio et al., 2016, 2BRbmmagnoli and Vaquero, 2016). The sedimentary
processes have allowed the preservation of ricknalsisges, also including wood remains and
several hearths associated with butchery, produetiml sleeping areas (Vallverdu et al., 2010,
2012; Allué et al., 2016; Solé et al., 2013). Cheas the most exploited raw material along the
whole sequence, comprising more than 70% of exgiloit in each layer (with the exception of
layer K, in which chert comprised less than 50%hefassemblage). Retouched elements were
always less than 5% of the lithic assemblage inttagers.

2.1 Layers M and L

The deposition of both layers occurred during tlam$yaard-Oeschger (D-O) cycles, which were
characterised by abrupt and rapid climatic chandigesg MIS 3. In both layers, several hearths
have been identified that were systematically &eelbyPinus mostlyPinus sylvestristhe pollen
record showed, in association wRimus a predominance @ramineagArtemisiaandPoaceag

in addition to meso- and thermophilic taxa relatedlimatic oscillation well attested within pollen
zone 3 (Burjachs et al., 2012). The faunal assegeBlavere produced by Neanderthal hunting
activities and were characterised by a high fragatem rate due to human processing of carcasses
(Fernandez-Laso, 2010; Marin et al., 2017). In eyers, the main exploited macro-mammal
resources wer€ervus elaphu€quus feruand, to a much lesser exteBgs primigeniugChacon

et al., 2014). The seasonality of human presentteeaite has been estimated on the basis of
hunting seasons, identified through tooth eruptiorungulates; such data suggest that layer M was
occupied during autumn and early winter while lalye@vas occupied during spring (Fernandez-
Laso et al., 2010). In layers M and L, the cheseasblages showed a quite discrete spatial
distribution, albeit with some differences bottie intensity of point patterns and in the
management of intra-site occupational areas (Roolagnd Vaquero, 2016; Fig. 1d,e).

The travertine platforms that delimit the top ahe bottom of layer M have been dated at 51.8 +
1.4 ka BP and 54.6 + 2.3 ka BP, respectively (Wating; Bischoff et al., 1988). The layer yielded
more than 4600 lithic remains greater than 1 crd,tha chert assemblage included 3913 pieces
(84.1%). Limestone, quartz and schists compriseddhkt of the abiotic resources exploited and
were locally collected within a radius of less tfakm from the site (Gémez de Soler, 2016). The
most exploited chert formation was Sant Marti dasT(6EMT, 75.7%), located approximately 15
km north-west from the site and characterised bghs with variable degrees of homogeneity
(Soto et al., 2014; Gomez de Soler, 2016). Thetcainss imposed by the heterogeneous grain-size
and homogeneity of SMT chert blocks and the lacktioft criteria for block selection at the
beginning of thehaines opératoirewere efficiently bypassed through the implementabf

highly flexible knapping methods allowed by the laggdion of a bifacial exploitation concept in
which alternating bifacial and secant and bifaarad orthogonal removals were extracted from the
same core (Romagnoli et al., 2016a). The mostrdistzert outcrops that had been exploited by
Neanderthals at the site were in the Panadellagtom (PAN) approximately 25 km north-west
from the site. This resource was rarely exploitethyer M (2.0%), was characterised by a high
degree of homogeneity and was mainly fine-graifié. predominance of the exploitation of SMT
chert was probably caused by the great abundartbésatsource in the landscape, in addition to



the mobility patterns of human groups (Gomez deiS@016; Soto et al., 2017). Similar remarks
can be made for the raw material data in layer L.

The travertine platform above layer L has beendlatepproximately 51.09 + 1.4 ka BP (the mean
date of five U/Th dates ranging from 50.6 + 2 td058 0.8 ka BP; Bischoff et al., 1988). The layer
yielded 1091 lithic artefacts greater than 1 cnf) 66these (88%) were produced from chert while
the rest of the assemblage was made of locallgceltl imestone, quartz, schist, granite and
sandstone. (The analysis of the assemblage wade®afor this research, after preliminary
studies made by Gomez de Soler in 2009). Again, 8Nttrops were the most exploited: 557
pieces of a total of 595 analysed were from SMTimygs (93.6%). Materials were excluded if they
were too burned, too patinated, or had a lengthtlesn 1 cm and, consequently, their petrographic
attribution was not possible or reliable. The clasdemblage was characterised by recurrent,
centripetal exploitation strategies aimed at olmgirflakes with a low level of core preparation and
through alternating orthogonal and secant planelet@ichment. PAN chert was only 6% of the
petrographically analysed chert assemblage, carnelipg to 36 pieces.

2.2 Methods

The chert assemblages from layers M and L wereysedlwith a high-resolution technological
approach structured in stages. At the beginnirgetitire assemblages were analysed with
diacritical and morpho-technical approaches tomstract the logical organisation of knapping
procedures through the identification of order divdction of removals on the cores and the other
lithic elements (also including fragments and wpgatel to infer the changes in the volumetric core
construction during knapping. It it a procedurelvestablished in stone tool analysis (Dauvois,
1976; Inizan et al., 1999). Later, the assemblages analysed using the raw material unit (RMU)
approachRoebroeks, 1988; Larson and Kornfeld 1997); artefdmat were related to the exploitation
of a single block or had been produced during glsiknapping phase were isolated and divided into
groups using macroscopic and microscopic featumekjding analysis of cortex, transition between
cortex and matrix, inclusions and geodes, jointre@tropaleontology and morpho-sedimentary
features. Furthermore, the technological analyssipusly performed was used to infer the phases of
productive sequences: the technical proceduresedpgliring knapping left specific marks on flakes
and cores and determined the morpho-technical ctaistics of final products and waste related to a
singlechaine opératoirand to a single phase of production. The assermblagve also been studied
from a petrographic perspective, both macro- artaacopic. The internal and external charactesstic
as well as the textural and mineralogical compos#iof rocks have been identified and described. Th
comparison with geological samples including trenteons, SEM and XRD, andXRD analysis
allowed for the identification of chert formatiore have used the geological and petrographic
lithoteque of the Institut Catala de Paleoecoldtiianana i Evolucio Social related to the chert
formations of the Ebro basin, the Prelittoral Raagd the Prelittoral Depression (Soto et al., 2014;
GoOmez de Soler, 2016). At this level of analygdisyas possible to identify technological methodd an
typical products, identify the way in which raw maal circulated in the landscape, read the
technological costs, identify the knapping phasaderat the site and relate each of them to a teahpor
scale in the organisation of technology. This istrhay be called thatermediate temporal resolution
In the following analytical step, refits of the astlages, including the pieces longer than 1 crily bo
fragments and complete elements regardless theiudion to product or waste categories, allowssl t
researchers to recognise each single technicat.eMea detailed identification of impoit-situ
productive, recycling and export events and theetstdnding of their temporal relationships increase
the temporal resolution of the analytical unitscteag high resolution Finally, intra-site spatial patterns



were analysed. The high resolution was the analysiage that allowed the undertaking of the
behavioural inquiry and the retracing of the twopaaalytical method dissecting the assemblage in
single events and progressing from the eventsneahuwstrategies and processes. The understanding of
technical events and of their temporal relationsipppvides the basis for looking at the archaeokigi
assemblages as a whole and discerning and disgussinan strategies (meaning implying a choice and
the reason for that choice) and socio-economic miyecg In the paper, the term ‘toolkit’ refers tagle
elements that have been imported into the siteehéd artefacts ready to be used and that were no
related tan-situ knapping events. They have been identified thrdRiiJ analysis, refits and both
gualitative and quantitative morpho-technical asily

3. Results

3.1 Layer M

The high-resolution database was composed of 2468 elements greater than 1 cm (Tab. 1)
corresponding to 61.6% of the whole chert assemblagese elements corresponded to 81 single
elements representing portable toolkits, and 182JRMBetween them, 41 RMUs were made up of
conjoined, fragmented artefacts, and 76 RMUs ireduckfitted sequences. Refitted elements were
21.3% of the whole chert assemblage. Twenty-thoeescon-flakes were identified, and they all
fitted in refitted sequences. None of them coindidéh import events; they all were produced
duringin-situ knapping sequences and always, at the site, weteef exploited as cores and finally
abandoned. They were exploited in different waysn& of them were used to obtain only a few
flakes, their ventral surfaces exploited with nedfic organisation of removals, while others were
exploited during alternating recurrences, both and bifacial, with a low degree of control of
extracted flakes (as with the other knapping antiwiattested in this layer). The debitage could be
organised along a limited portion of the core-ak#l with orthogonal or secant detachments or
could be structured along the whole periphery efdbre, determining a more typical discoid
recurrence. In the case of recurrent centripetaitage, the frequent production of flakes in arite
portion of the core generated artefacts charaetkhby an asymmetric transversal section and a
sharpened cutting edge used unretouched in oppositia back. They wedgbordantflakes,
pseudo-Levallois points, and to a lesser extemkdxh knifes, usually not much elongated and with
low morphological standardisation. All cores-orkéla usually corresponded to short sequences.
They were made on SMT chert, and the concerningkblavere usually characterised by low
guality due to low homogeneity and to the frequeesence of geodes, which often impeded the
regular propagation of the conchoidal fracture sTdatum is in accordance with the general trend in
the layer, where no specific selection criteriaeveut in place by the Neanderthals, and the
exploited blocks usually showed very low qualityeTcores-on-flakes showed variable sizes, with
lengths between 20 and 66 mm, widths between 172mdm and thicknesses between 7 and 27
mm (Fig. 2).

It was not uncommon to identify more than one camelake within the same RMU; the 23 cores
identified were classified within 10 RMUs. The tackogical analysis of refitted sequences showed
that, due to the low quality of raw material, tlesult of percussion was frequently the production

of a flake with irregular surfaces and variable piogy; this was a possible element that
originated a branched production. RMUs flint-078 ad75 were clear examples of this lack of
planning in the organisation of ramified producti&MU flint-073 (Fig. 3) was a SMT chert block
that was exploited with the recurrent centripetatimd, alternating secant and orthogonal planes of



detachment, adapting the organisation of remowatise morphology of the block. The refit was
composed of 37 pieces, including the core. It wassible to reconstruct almost the entire block.
Due to the lack of homogeneity of the raw matenabst of the flakes were produced as fragments.
Three flakes were further exploited as cores taialghort artefacts with sharpened, unretouched
edges. In one case, the branching productive psamasirred once the flake was broken by a
mesial, transversal fracture (Fig. 3b). RMU flint8was, again, a block exploited at the site. & th
different refits corresponding to this RMU, 110qes have been assembled. The raw material was
again characterised by very low homogeneity, lggmdes, and abundant gypsum and salt ghosts
(Fig. 4). These features and the presence of $eintletermined the frequent running of fractures
during knapping along the internal fissures. Indtefbeing thrown out, the debitage products thus
obtained were systematically used as productiveixest adapting the organisation of removals to
the volumetric constraints imposed by the raw niater

Due to the spatial discontinuity between the ‘atarésequence and the branched productions, it
has been possible to frequently associate the ikajpdm of cores-on-flakes to recycling. In RMUs
flint-073 and -075, for example, part of the brasdiproductive sequences were spatially
segregated (Vaquero et al., 2015). In RMU flint-0@@b cores-on-flakes were produced and
exploited along a quite long sequence. The refi eanstituted of 18 pieces. They were both
exploited for very short ramified production: oneorore, a single removal was obtained while the
other produced two short, alternate flakes (FighyaThe cores were found away from the
extracted ramified flakes and from the main disjperarea of the RMU, which was located in the
inner part of the rockshelter, near the back weith.(5).

3.2 Layer L

In layer L, it has been possible to include 61Zeswithin the high-resolution dataset, which is
64% of the whole chert assemblage (Tab. 1). Ifde@n possible to identify 66 RMUs; 19 of them
included refitted sequences, and 33 matched wahadblkit. A total of 164 pieces have been
refitted, corresponding to 17% of the chert assag#al Ten cores-on-flakes have been identified.
Looking at the dimensions (Fig. 2), the biggestetisions of cores-on-flakes could be noticed,
especially concerning thickness as well as a retidoaensional variability compared to layer M.
Ramified final products showed similar patternghie two layers with generally short dimensions
but the highest length and thickness in layer LLr&ified sequences were developed on the SMT
chert.

Ramified sequences showed a high degree of fragiti@mt Three types of events have been
identified: import, production and export. Usualtpres-on-flakes were introduced at the site ready
to be used; the first phases of the ‘ancestor’ esrecgi were not attested there. This is, for example,
the case of two cores (Refs: AR99-U52-38 and AR938-£56) that were exploited for alternating
sequences along a peripheral portion of the flakploiting, in one case, the ventral natural
convexity of the bulb and, in the other, the distadl lateral part of the flake (Fig. 6). The
exploitation of the core-on-flake could have bekaracterised by a long life, including a complex
dynamic of different functional performances. Aaslease of complex patterns was found in refit 1
of RMU flint-001 (Fig. 7). A large double ventrdake was imported at the site, and its use-life was
reconstructed in steps. (1) It was used as a oqueoduce several recurrent short flakes that were
used and abandoned not far from the core. It ipossible to exclude the possibility of a previous
(or contemporary) use of the core as a tool (Fg. (2) The core-on-flake was retouched on the left
lateral edge, and its functional status changeadhdgdhat of a denticulate scraper (Fig. 7b). At



present, no use-wear data are available on theate¢tol edge. The manufacturing of the proximal
portion of the core-on-flake was made after stepd before step 2 and was probably aimed at
regularising the transversal section of the laagager. (3) Finally, the core was abandoned and
was found modified by heat alterations. Only in te@hnical event was the use of a flake as a core
applied along a knapping sequence made entiré¢heatite. This is the case of refit 10 in RMU
flint-016 (Fig. 7c). The refit was constituted bglet elements and showed a knapping sequence in
which a block was exploited and, along the prodecsequence, a large flake was obtained. In turn,
the flake was exploited as a core for a short rectiseries. The fragmentation of tteines
opératoiresincluded several export events. While it was rassible to identify lacking flakes as
potential further cores, it was evident that thees a lack of ramified products related to cores-on
flakes exploited at the site. The two cores desdrdtbove were an example of this fragmentation
and created a frequent picture in refitted assegebla

In this layer, the analysis of spatial discontipuit refitted sequences which included the whole
refitted assemblage and not only ramified eventsveld several long-distance anthropic
displacements, i.e., displacements more than fe®en long (Vaquero, 2005; 2008; 2011). None
of these displacements involved ramified coredaiess.

4. Discussion: how many processes and with which piications?

Despite the fact that ramification in the studiagdrs was developed on the SMT chert formation
located in a semi-local area (medium-low qualityd), this technological behaviour was
organised in a different way and matched with défé processes. In layer M, the exploitation of
cores-on-flakes was characterised by a continimdsitu management of resources. On the
contrary, in layer L, a spatial extra-site discounify has been recognised between the ramified and
the ‘ancestor’ production sequences.

In layer M, cores-on-flakes were always producednduknapping sequences made at the
rockshelter. Their exploitation was a responseittional constraints at the site. Previous studies
have indicated that layer M was a campsite with eitin, multifunctional areas (Vaquero and
Past6, 2001; Fernandez-Laso, 2010; Chacon e0dl,; Zzabucio et al., 2017; Marin et al., 2017).
The undertaking of the entire process at the sitktiae exploitation of cores-on-flakes mainly for
short series of extractions suggest that it wasxpedient behaviour, with a low level of planning,
used to respond to specific functional needs. Nexdhdls took advantage of the quick production
of short flakes with sharpened edges that weraebtad with simple procedures. Thanks to its
expedient features, almost any individual in thenan group inhabiting the site could have
performed this behaviour; it was advantageouseérctse of participation in production and
functional tasks by people with different degreekmapping skills. In this respect, it is inter@sti

to note that the overall technological organisatiothis layer was based on the application of
informal production methods that were highly addptethe morphological constraints of the raw
material, allowing resource diversification anduetibn of technological costs (Chacon et al.,
2013; Vaquero et al., 2015; Romagnoli et al., 201®6he implementation of complexity in the Late
Middle Palaeolithic is now well established duette identification of symbolic behaviour, such as
the use of ornaments and pigments (Bar-Yosef Mayal., 2009; Zilh&o et al., 2010; Peresani et
al., 2013; Soressi et al., 2013; Romandini et28l14); increased technological elaboration,
including non-lithic adaptations (Carbonell and @a€urel, 1992; Mallye et al., 2012; Solé et al.,
2013; Romagnoli et al., 2016b); and the use of iwmand multi-component tools (Villa et al.,
2009; Pawlik and Thissen, 2011; Rots, 2015). Thelgeand age diversification of tasks was part



of this increasing social complexity. Other studiase suggested that stone tool ramification may
reflect this possibility (Rios-Garaizar et al, 20Mathias, 2016), which has also been supported
through the analysis of activity-related dental m@sstalrrich and Rosas, 2015). The results for
layer M support the hypothesis that branching pectida was a collective response to social
organisation of tasks but was not necessary retatdte social division of activities carried otit a
the site. The generalised application of informaldoiction concepts impeded the identification of
different degrees of expertise and, consequeritlyifierent social agents.

The use of the rockshelter for raw material stoakgiin this layer, identified with the frequent
recycling of blanks, suggested that the human ghagplow mobility and occupied the site for
relatively long-term stays. This scenario is cohervath the regular importation to the site of
complete blocks due to the predictability of timigd location of activities and is comparable to
the ‘provisioning of place’ defined by Kuhn (199%his behaviour has been described in
ethnographic contexts, often in the debate betile®igounterposed concepts of curation and
expediency (Bamforth, 1986, 1991; Parry and KdlB87; Nelson, 1991; Bamforth and Bleed,
1997 among others). The frequent association ofisleeof cores-on-flakes with recycling was part
of the general mobility and social strategy of N#&thals and of their spatial structuring of living
space as shown by the spatial segregation of raingiequences (Vaquero et al., 2015 and in this
paper). The spatial segregation of ramified segeesaggests that ramification was not exactly a
simple, opportunistic answer to immediate needsdther a modality of raw material selection
using the site for provisioning. Furthermore, wartat exclude the use of flakes produced through
ramified sequences for specific functional purpppemting at a functional organisation of living
space. The structuring of living space was pathefbehavioural evolution of the Middle
Palaeolithic and suggests an increased complexgpdial interactions (Alperson-Afil and Hovers,
2005). However, the socio-economic organisatiolayér M is a bit more complex, and the simple
equation of ‘intra-site spatial distribution of egron-flakes = differential use of space by social
groups’ could be misleading if the concept of timaot added to the examined parameters.
Taphonomic and point pattern analysis have prolanthe activity areas and domestic units
identified in layer M were not occupied at the sdame (Romagnoli and Vaquero, 2016). The
longest-term occupation was located in the innerqfathe rockshelter near the back wall while the
central area, where recycled items where usuatiylaced for anthropic activities, was occupied
during two different periods separated by a temguedus attested by intermediate sterile
sediments. Double ventral tools that were the tesiflramified production have also been
identified in the external part of the rockshelteassociation with two single short occupational
events related to the last phase of occupatidmeagite.

In layer L the flakes that where exploited as poiihe matrixes were systematically made outside
the rockshelter, probably near the outcrops. Is ldyer, cores-on-flakes circulated as
Neanderthals’ portable provisioning. This behavicam be assimilated into the individual
provisioning described by Kuhn (1995). Accordingh author, in situations where uncertainty
made it difficult to forecast the time scheduleegfractive and maintenance tasks, people were
obliged to undertake significant advance plannorgobssible future contingencies. As a
consequence, they needed portable toolkits eaaigported and versatile. The circulation of big
flakes as part of the personal toolkit could hasponded to this need and reflected a strong
planning behaviour. Such behaviour can be expenotsiduation of patchy environments and/or
climatic fluctuations, where highly mobile groupsne faced with stochastic variation in resource
availability, especially for foraging and, conseuqilg with a high risk of resource failure
(Torrence, 1989; Andrefsky, 1991; Britt Bousman93;9Collard et al., 2005). Layers M and L



were deposited during D-O 14. This cycle was charsed by a cold-dry climate and a pine forest
with up to 33% warm, temperate taxa. Short climasicillations have been shown by fluctuation in
thePinustype and pollen taxa, suggesting alternating dig-and temperate-moist conditions
within D-O 14 at Abric Romani (Burjachs et al., 2).1Ramification as individual provisioning in
layer L may be related to uncertain environmentsabpresent the lack of changes in faunal
exploitation and transport strategies limit the enstnding of possible adaptive human responses.
Furthermore, it is important to stress that humalmalviour is influenced by many factors. External
reasons, such as changes in plant-related avéiahiht are expressed in pollen curves, must be
taken into account with possible internal factarshsas site function, demography and social
dynamics.

The versatility of cores-on-flakes was evident lsesof the use of these items as tools as well as
for short, expedient extraction of sharpened flgkks the two cores presented in the paper) and
for long, dynamic patterns of production, use, se-and discard events. RMU flint-001 in layer L
was a clear example of this long, complex histdhe intra-site exploitation of a large double-
ventral core-on-flake produced several short, shvaeg flakes, each of which had both a convex
distal cutting edge that was highly resistant duthé longitudinal trapezoidal section of the flake
and a concave proximal portion corresponding t@iptes removals. This volumetric construction
was probably well adapted to the hand use of ttaeds (Baena Preysler et al., 2016) for precision
tasks. After that, the core was manufactured @ legtouched tool and, finally, abandoned. Further
use-wear analysis could contribute to a better rgtaeding of the role of tools not only for short
ramified knapping events but also for a possittierahte use of the core-on-flake as an active tool.
However, we must be aware that use-wear analysisapty will not allow us to go much deeper in
dissecting the dynamic pattern of the use-lifeats-on-flakes. The removal of part of the core
volume due to knapping may have taken away pateopreviously used active edge and,
consequently, made unreadable the traces relateé tool use phase of the core.

In layer L, a technological continuity has beemiifeed in the application of informal productive
concepts including recurrent centripetal methodsg(©n et al., 2007; 2014), although the strategy
of toolkit transport changed and the degree ofrfragtation of productive sequences increased.
Furthermore, the intra-site anthropic displacenoériakes suggested, as in the underlying layer M,
recycling behaviour and a differential temporal betwveen activity areas. Also, the structuration of
the living floor was similar, with occupational tsmbeing characterised by at least one hearth and
having the proxies for different activities (faursts and stone tools) and being similar to the
domestic units attested in ethnographic contexégj(Mro, 2005). However, the spatial pattern
showed differences from layer M. The first residargpisodes were located in the central part of
the rockshelter and the last ones in the inner pge to the back wall (Vaquero, 2008, 2011).
These data imply that the rockshelter was stidlsadential campsite. However, the high
fragmentation of thehaines opératoireshe reduced number of items left at the sitethrd

strongly discrete spatial distribution of remaindicate a short occupation (or rather repeated shor
occupations). Although faunal association doesshotv significant differences, the analysis of the
hunting season also suggested short-term occugsitidfernandez-Laso, 2010; Fernandez-Laso et
al., 2010). Furthermore, the differences in spgi#terns suggested a different use of the site and
probably different social dynamics.

A separate and complementary issue is how branmtuetlictions were integrated into more formal
technological technocomplexes as is the case ef$ap at Abric Romani. This layer was
characterised by a predominance of Levallois probdacmostly recurrent centripetal production
(Chacon et al., 2013; Bargalld, 2016; Picin andoGaell, 2016). In this occupational phase, still



attributed to MIS 3 and dated at approximately 8B, the residential use of the site was more
intense and/or took place during a longer timeruatethan that of the uppermost layers. This is
visible in the formation of a complex palimpsesa(gallo et al., 2015; Gabucio et al., 2016).

Within the overlapping of several different eveatsl the implementation of a greater behavioural
variability, fragmented production sequences haantdentified, with several independent import,
production, use and discard events (Bargall6, 2046¢cent study showed that, along with other
options, ramification was developed on SMT cheotks$ outside the rockshelter and most probably
near the outcrops during the first phases ottia@ne opératoiresThis behaviour was aimed at
reducing the original volume of blocks to discardit most inhomogeneous parts. It was a response
to the need to obtain better-quality resourcestdwenstraints imposed by the application of

formal volumetric concepts and to maximise productbnce the core was preformed (Romagnoli
et al., 2016). Further high-resolution studies ningsperformed to allow a better understanding of
the evolution of branched productions along theisage and in relation with the Middle
Palaeolithic technological variability.

Not only the cores-on-flakes but also ramified akvere displaced in the territory through import
and export events. This is visible thanks to refiteyer L, where the flakes extracted from selvera
imported cores-on-flakes have not been identiffeédhe same time, three artefacts extracted by a
core-on-flake have been imported into the siteaasqf the mobile toolkit. The identification ofeh
mobile status of this short production was onlysiigie using a high-resolution approach and
linking each remain to a specific technical ev@iie presence of both cores and products related to
ramification processes and made by SMT chert reeswrould have otherwise biased the
interpretation, suggesting the presence at thetitee wholechaine opératoireThe functional

role of ramified and Middle Palaeolithic micro-praxion in general is still debated. Use-wear
analysis, still rare, suggests that short flakesevedten used without previous configuration and
were employed in butchery activities as well ag/arking with fresh hide, wood and herbaceous
plants, with different functional performances (@ste and Plisson, 1996; Barkai et al., 2010;
Claud et al., 2012; Rios-Garaizar, 2012; Lazuén@odzalez-Urquijo, 2015; Lemorini et al.,
2015). Further functional studies are needed terdene if and how micro-debitage and ramified
short productions were integrated and complememtargesses. Furthermore, it is still to be
investigated the possible differing functional sgabf micro-flakes between specialised and
multifunctional tools and the length of their usess.

A final consideration regarding the socio-econosigmificance of the core-on-flake can be
evaluate according to the mobile pattern of thesdaxts. In the case of fragmented sequences, as
attested in layer L, where a core-on-flake waseagbf personal gear, lithic production or, attieas
ramified knapping could be interpreted as a noras@ctivity. This hypothesis is strengthened by
the spatial distribution of ramified sequences,clihwere always clustered in this layer, and by the
informal method applied to cores-on-flakes. Thesa duggest that in layer L the same individual
was exploiting the coresd hocfor functional constraints. That lithic productiaas an individual
behaviour without corresponding social status leeshlshown in ethnographic contexts where raw
material was a personal provisioning and was agsatiwith few standardised productive methods
(Sillitoe and Hardy, 2003; Shott and Sillitoe, 2Dd3owever, the circulation of big blanks with
versatile functional potential, because of thewraadage in selecting portions of raw material with
the highest homogeneity, could have implied a ctite work near the outcrops in the first phases
of the reduction sequences. Furthermore, the ssiaals of these items in such organisation of
technology cannot be discarded. In layer M, thesgmee of entire productive sequences at the site
and the application of the same informal concapteiapping impede the inference of individual or



collective behaviour in productive tasks. The ustierding of social conducts in technical activities
could be an interesting topic for future researshand the possible relationship between technical
behaviour, including branching productions, resesravailability, economic stress and human
cooperation must be investigated further (Peredd ,€2017).

5. Conclusions

Until now different and antithetical behaviours deen included in the definition of

‘ramification’. In this study, we have shown thatthe northeast part of the Iberian Peninsula
ramification was conceived in different ways durMgS 3. It has been associated with different
economic strategies, mobility and occupationalgragt and linked with different types and degrees
of planning according to contingencies and ristonaging activities, social behaviour and site
function. Results suggest that ‘ramification’ igjapropriate as a proxy either to describe a
preconceived human behaviour or to infer specdm@&seconomic organisations. It would be like
explain the production procedures simply usingatecept ‘knapping’ or using ‘butchery’ to
describe subsistence strategies. These conceptsoageneral to express the shared knowledge, the
production aims, the environmental conditions amastraints, the foraging strategies, and the
human mobility. Likewise, the use of the macro-difon ‘ramified production’ is not meaningful
unless is linked with a detailed description of specific choices deployed by humans at the
different steps of the production process and alerstanding of the temporal and spatial
relationships between them. With this *holisticpapach is possible to go beyond the dichotomy
‘opportunistic’ / planned, to evaluate the degreé modalities of planning, and to appreciate the
technical, economic and social needs that undeylgranched knapping. This study has highlighted
how the application of high-resolution multidisénary analyses is highly suitable for approaching
the study of ramification from a behavioural pertpe. The implementation of multidisciplinary
high-resolution studies in modern prehistory andrithaeology in general allows us to provide new
answers and propose new hypotheses to old questimhsoncepts.
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Figure 1 —a. Geographical localisation of Abric Romani roadgdr; b. Image of the site during
excavation of layer M; c. Synthetic lithostratigngpcolumn; d. Spatial distribution of chert lithic
assemblage in layer M; e. Spatial distributiontoént lithic assemblage in layer L. In the
distribution maps hearths are drown in black; sbaleis 5 meters. Legend for the lithological

column: 1. Red sands; 2. Carbonatic sands; 3oFitiftravertines; 4. Tubular travertines; 5.

Carbonatic slabs; 6. Oncolithic gravels; 7. Tranerblocks.
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Figure 2 —Length-width ratio and thickness boxplots of cooesflakes and double ventral flakes
in layers M and L. Measures are expressed in neliigs.
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Figure 3 —Layer M. a. Refits in RMU flint-073. It was compakky 37 pieces; b-c. Cores-on-
flakes and their refitted products showing ramiiima along the exploitation of the block.




Figure 4 —Layer M. Picture of refits in RMU flint-075 and drawings thie five cores exploited
within this block (a-e). Except core ‘a’, the oth@re cores-on-flakes obtained from blanks
extracted with low knapping control due to the higinomogeneity of the black. Letters near the
drawings refer to the cores showed in the pictiahe;Some of the products extracted. Drawing by
F. Romagnoli.




Figure 5 —Layer M. Spatial distribution of RMU flint-020 showing thpatial discontinuity in two
ramification sequences: refit 6 (a) and refit 1 (b)
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Figure 6 —Layer L. Diacritic lecture of two cores-on-flakesported at the site as toolkits.
Drawings F. Romagnoli.




Figure 7 —Layer L. a. Refits in RMU flint-001 showing the dajpation as a core-on-flake of a

large double-ventral flake imported at the sitéoadkit; b. At the end of its use life the core-on-
flake was retouched on the left edge and manufestas a denticulate scraper; c. Refits in RMU
flint-016 showing the exploitation of a core-onkiéa which was extracted during the exploitation of
a block at the site. It was the only case in whieh‘ancestor’ productive sequence of a core-on-
flake was attested at the site.
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