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ABSTRACT 

The main goal of this paper is to explore possible cultural continuities and discontinuities at the Neolithic 

transition in Eastern Iberia. To address this issue we introduce a twofold methodology, consisting of 

Geometric Morphometrics and the use of the self-developed Geomeasure system, to examine evolutionary 

patterns in geometric microliths. These are a specific type of arrowhead shared by both the last hunter-

gatherers and the first farmers from two reference sites in the region: Cueva de la Cocina and Cova de l’Or 

(Eastern Iberia). Although advances in research have contributed to a better comprehension of this process, 

there are still unanswered questions, especially when the study is approached from a regional perspective. 

Such is the case for the Neolithisation of the Eastern Iberian Peninsula, and the way in which the previous 

Mesolithic population interacted—if they interacted at all—with the first farmers. In this case, some sites 

present archaeological contexts that have been catalogued as acculturation contexts. This has traditionally 

been the case for phase C of Cueva de la Cocina (Spain), although recent research points to the possibility 

that the content of this specific deposit is to the result of post-depositional processes. Here we try first to 

understand the cultural evolutionary patterns and relations between the different geometric microlith 

technocomplexes and, second, to address the specific problem of the interpretation of taphonomic 

disturbances in the archaeological record. We use the the Cueva de l’Or and the Cueva de la Cocina for 

comparison, and our conclusions raise serious doubts about the existence of an acculturation phase at the 

latter. 
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CULTURAL CONTINUITIES AND DISCONTINUITIES AT THE NEOLITHIC TRANSITION IN 

EASTERN IBERIA: AN ANALYSIS OF THE MORPHOMETRY OF GEOMETRIC MICROLITHS 

 

1. INTRODUCTION 

Despite, or maybe because of, the great quantity of literature and effort produced on the subject, the process 

of Neolithisation in the Mediterranean still raises substantial debate within the archaeological research 

community (Guilaine 2013; García-Puchol and Salazar García 2017). Even though the general patterns are 

generally understood and accepted, following the overall lines proposed by Ammermann and Cavalli-

Sforza (1984), in their now classic work, it was noted from the very first moment that the Wave of Advance 

could be masking specific processes, mainly at the regional level (Zvelebil 1986). Of course, at this 

regional/local level debates have been raging for a long time and have their own historiographic traditions. 

In this paper we will focus on the Eastern part of the Iberian Peninsula, where the role that Mesolithic 

communities developed during the process of Neolithisation remains unclear. Specifically, we will 

concentrate on the sites of Cueva de la Cocina and Cova de l’Or to approach how geometric microliths can 

be used as proxies for understanding cultural change and affiliation, and how the information that they 

generate can be later employed to assess a number of different problems, ranging from chronology to 

taphonomy. Geometric microliths are a specific type of lithic tool considered, for our chronological and 

geographical frame, as part of composite arrowheads (García-Puchol et al. 2014). They can be found, 

loosely speaking, in three main forms: trapezoids, triangles and segments (or crescents), while a fourth 

rectangular shape can be included from sites dated to the epicardial Neolithic phase (Fig. 1 near here). 

Their main function as arrowheads remained unaltered in the Western Mediterranean from their first 

appearance, in the Solutrean and Magdalenian (González Sainz 1989; Aura 1995; Straus 2002) to their 

expansion in the Late Mesolithic and the Early Neolithic (García-Puchol and Jardón 1999; Gibaja and 

Palomo 2004; Domingo 2009, 2012). However, there is a clear difference as far as their shape and retouch 

type are concerned from the Sauveterroidean types (Plisson et al. 2008; Fontana et al. 2016) to the 

Castelnovian types of the Second or Late Mesolithic (Blade and Trapeze tradition), starting around 8.600 

cal BP (Binder 1987; Perrin 2001; Perrin and Binder 2014; Marchand and Perrin 2017). In this sense, the 

Iberian Peninsula constitutes a good example of the complexity and regionalization of these evolutionary 

processes. This is proved not only by the Notches and Denticulates technocomplexes (Aura et al. 2006) 

that emerge between the regional Sauveterrian and the Late Mesolithic, but also by the changes affecting 

regional geometrism in which, as we will see later, subphases A and B can be distinguished within the 

regional Late Mesolithic mainly by the increasing presence of triangles, and the emergence of an exclusive 

type, known as the Cocina type triangle, and defined by the concavity of its two sides (Fortea 1973). With 

the Neolithic arrival these gradual changes were disrupted, and new geometric types became established. 

These technocomplexes are characterised by their higher retouch variability and their tendency towards 

straighter sides. This particular transitional period will be the main focus of this paper. A more 

comprehensive and complete approach to the complexity of geometrism in the Iberian Peninsula is given 

by Utrilla & Montes (2009). 

The geometric microliths have a unique role in understanding how cultural transmission processes evolve 

and/or relate to population flows not only because these lithic pieces share common traits and functional 
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backgrounds but also because in this case archaeology recovers finished tools in the form that was intended 

and not only worn-out discards. Furthermore, because, unlike other artefact types, geometric microliths 

were used by both the last hunter-gatherers and the first farmers, they can be considered as a reliable proxy 

when trying to understand the process of Neolithisation, and how it is reflected in material culture. 

Therefore, their archaeological significance to studying the cultural evolutionary patterns and changes from 

the Late Mesolithic to the Early Neolithic can be summarised in the following points: (1) they are present 

both in the Late Mesolithic and the Early Neolithic records, (2) their function is considered to be the same 

in the two cases, and (3) they present chronological and geographical variability as far as their retouch, 

general shape, and the linearity of their sides is concerned. The question then becomes, is there a local 

lineage continuity in these types or not? 

1.1 Regional archaeological background 

There have been many debates regarding the transition to farming and husbandry in the Iberian Peninsula. 

Without intending to provide a complete historiographic review, we would acknowledge the main 

theories—once the autochthonist options were discarded—as the capillary models of Rodríguez et al. 

(1995) and Vicent (1997), following Lewthwaite’s (1986) proposals and the mosaic models, initially 

developed by Barandiarán and Cava (2000). As for the theoretical proposals emphasising the demic factor 

in the Neolithisation of the Iberian Peninsula, one of the most accepted theories is the so-called Dual Model 

(DM), initially formulated by Fortea, Martí and colleagues for the region of Eastern Iberia (Fortea and 

Martí 1984; Fortea et al. 1987), and later refined by Bernabeu and colleagues (Bernabeu et al. 1993; 

Bernabeu 1996). In its most basic form, the model combines the Neolithic spread, as defined by the Wave 

of Advance Model (Ammerman and Cavalli-Sforza 1984), including the use of sea routes (Zilhão 1993, 

2001, 2014; Bernabeu and Martí 2014), with the Iberian archaeological record. The DM considers three 

possible ways of Neolithic diffusion: (1) colonisation, where only demic expansion takes place, (2) direct 

acculturation, where agriculturalists directly interact with hunter-gatherers, thereby providing technology 

and promoting cultural modification, and (3) indirect acculturation, where transmission of agriculture 

spreads through the pre-existing Mesolithic networks. Given the lack of archaeological support for indirect 

acculturation in the Eastern Iberian Peninsula (the region for which the model was originally formulated), 

the DM concentrates on the first two options. In this respect, the model identifies colonisation with the 

situation seen in caves such as Cova de l’Or, or Cova de la Sarsa, where we find ex novo Neolithic 

sequences, without any trace of previous Mesolithic occupation. The second option, direct acculturation, 

corresponds to frontier situations, where we can find possible acculturation, such as the Cueva de la Cocina, 

with a sequence that is mainly Mesolithic, but also with Neolithic elements on top and, as we will see, 

possible acculturation phases.  

Therefore, Cocina and Or (Fig. 2 near here) are crucial to understanding the Neolithisation process in the 

Eastern Iberian Peninsula. Moreover, they both contain some of the largest archaeological collections for 

this region and timeframe. They are also especially significant for understanding the archaeological 

processes underpinning Neolithisation, as just noted. In the case of Cova de l’Or, the absence of a 

Mesolithic sequence in the cave (Martí et al. 1977, 1980; Martí 1981, 2011) makes the site a clear example 

of the ex novo Neolithic. On its part, Cocina shows a long and significant sequence, primarily of the 

Geometric Mesolithic of Castelnovian tradition, including levels with pottery on top. Javier Fortea (Fortea 
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1973) established four phases characterised by different types of arrowheads, where (broadly) Cocina I, 

later known as phase A (Juan-Cabanilles 1985), would belong to a blade- and trapeze-based Mesolithic, 

Cocina II (phase B) would stand for a Mesolithic marked by Cocina type triangles, Cocina III (phase C) 

would represent a process of Mesolithic-Neolithic contact, showing crescents and double bevel retouch, 

and Cocina IV (not in use in archaeological research any more) would stand for more advanced 

chronologies, including bifacial arrowheads. In order to understand the significance of this transitional 

phase (C) recent studies have considered possible post-depositional disturbances (Juan-Cabanilles and 

Martí 2007; Pardo-Gordó et al. 2018; García-Puchol et al. 2018a) after previous taphonomic studies of the 

cave revealed the existence of flooding episodes (Fumanal 1978).  

1.2 Main goals 

This paper tries to address the same problem from a different perspective. We believe that, because the 

geometric microliths reflect culturally significant morphometric variation, they can be used in and of 

themselves in order to understand continuity, discontinuity and patterns of evolutionary change. We would 

expect faster evolutionary rates, including lineage discontinuity, in contexts of traumatic or demic culture 

substitution, whereas lower evolutionary rates would result from a process of indigenous acculturation 

(Edinborough et al. 2015).  

Due to the fact that taphonomic studies are challenging the archaeological assumption of the so-called phase 

C at Cueva de la Cocina, here we examine the differences in cultural attribution and stylistic change of the 

geometric microliths to see if we can find factors that strengthen or weaken the arguments for the existence 

of this transitional phase. In this sense, we would expect to find consistent evolutionary trends and stylistic 

grouping within the geometric microliths under study during the different Late Mesolithic and Early 

Neolithic phases proposed, corresponding to either lineage continuity or discontinuity, whereas 

inconsistency could be produced by different types of archaeological palimpsests related to post-

depositional processes. 

In order to do so, we have applied different morphometric and statistical techniques, including the self-

developed Geomeasure system (GS) (see Methods sub-section) or the now well-established Geometric 

Morphometrics (GM) approach (Rohlf and Marcus 1993; Corti 1993) for further testing of grouping and 

variability. In this way, we aim to apply these methodological tools from a new perspective, using the 

taphonomic disturbances of Cueva de la Cocina as a case study. We also offer a brief comparison of the 

two methods to assess their strengths and possible complementarity. The following section presents the 

materials used and the filtering criteria, and then describes how exactly the methodology was developed, 

employing both GS and GM. The third section presents the results of both analyses. The fourth section 

examines their archaeological implications. Finally, some short conclusions are offered. 

2. MATERIALS AND METHODS 

2.1 Materials 

Cueva de la Cocina, and Cova de l’Or are the main sites being considered in this study. We have already 

seen the archaeological significance of both for the Neolithic transition in Eastern Iberia. The former was 

first excavated by Lluís Pericot, in the early 1940s (Pericot 1945) and later by Javier Fortea in late 1970s—

no was monograph published. Currently, it has been the subject of four campaigns (2015-2018) directed by 

Oreto García-Puchol, Joaquim Juan-Cabanilles and Sarah B. McClure (García-Puchol et al. 2015, 2017, 
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2018b). As for Cova de l’Or, the first excavation at the site was directed by Vicent Pascual during the 

1950s, while Bernat Martí directed a new intervention during the 1970s and 1980s (Martí et al. 1980). For 

this project, we have added all of the geometric microliths recovered at Cueva de la Cocina so far—except 

the ones found in the EII sector of Pericot’s 1945 campaign, due to the severe stratigraphic problems 

affecting them (Fortea 1971)—which add up to 2.140 pieces, and all of the ones recovered by Pascual at 

Cova de l’Or, which represent the bulk of the collection, giving a total of 146 geometrics. 

However, before beginning the actual morphometric study, some methodological and theoretical issues 

need to be addressed. Starting with the methodological, the first problem is that the bulk of the two 

collections belongs to old excavations, where the resolution, both chronological and stratigraphic, was not 

as high as desired. To address this problem, we relied on the work done in the last few years at Cueva de la 

Cocina, aided by three-dimensional reconstruction (Diez-Castillo et al. 2017), which has allowed us to form 

high resolution phases on the basis of Bayesian inference (García-Puchol et al. 2018a). Because this work 

has only been deployed so far on Cocina’s 1941, and 1945 EI excavations, we have only used the material 

from these two surveys. As for Cova de l’Or, the sample is affected by problems similar to Cocina, but we 

used Juan-Cabanilles’ (Juan-Cabanilles 2008) comparative study of Pascual’s materials for those found in 

Marti’s excavations—much smaller in number, but referenced with high resolution stratigraphy, and xyz 

coordinates. There he established the four Neolithic phases—Or Ia, Or Ib, Or II and Or III—that form the 

basis of our study. 

The second problem is related to the stylistic character of the geometric microliths. Our assumption is that 

their form contains a transmission signal; in other words that their form is not so entirely determined by 

their function that any tradition would converge on the same form, resulting in equifinality. Although there 

are some exceptions, pointing to multivariate use (Finlayson and Mithen 1997), most of the experimental 

and use-wear studies developed over the past years, conclude a mainly predominant use for the geometric 

microliths in the Western European Late Mesolithic and Early Neolithic as composed arrowheads (Fischer 

et al. 1984; García-Puchol and Jardón 1999; Domingo 2004, 2005, 2009, 2012; Gibaja and Palomo 2004; 

Longo and Isotta 2007; Plisson et al. 2008; Cristiani et al. 2009; Gibaja and Terradas 2012; García-Puchol 

et al. 2014; Goldstein and Shaffer 2017). However, some authors point out that, even if the use of the 

geometric microliths as arrowheads was highly prevalent, it could be combined with different uses such as 

cutting green wood, either in a multifunctional way or not. Domingo, for instance, states that the 

percentages use for working hides or green wood was never higher than 4%, even for Early Neolithic 

periods (Domingo 2009, 2012). Another problem is that typometry does not help much in the distinction 

(Finlayson and Mithen 1997; Richter 2007). Sickles may indeed fall within specific morphometric ranges, 

but arrowheads, even though they can be more varied, can also occupy those ranges (Fig. 3 near here).  

In any case, most of the characteristic marks of the use of microliths for working hides or green wood, such 

as gloss or abrasive fractures, can be observed by the naked eye or with magnifying glasses. Therefore, to 

stay on safe ground, we eliminated from our sample everything that either could be clearly identified as a 

sickle, presented gloss, had abrasive fractures, or had any kind of fracture in the middle part—not the 

edges—of its longer base. This has meant a reduction of the 8% of our sample, which is more than the 

maximum percentages of non-arrowhead use offered by other authors. 



 7 

After performing all of these filtering operations and accepting a reliability index (see next sub-section) of 

95%, we were left with a total of 336 geometrics (Table 1), of which we could use 204 for the GM analysis. 

 

Phase Geometrics 

A1 44 

A2 53 

B1 35 

B2 96 

B3 11 

C 12 

Or Ia 42 

Or Ib 43 

TOTAL 336 

 

Table 1. Number of geometric microliths used per phase. 

2.2 Methods 

The first part of our approach has been based on the Geomeasure System (GS), the second on the use of 

Geometric Morphometrics (GM) (Rohlf and Marcus 1993; Corti 1993; Claude 2008; Mitteroecker and 

Gunz 2009; Buchanan and Collard 2010; Adams and Otárola-Castillo 2013; Adams et al. 2013; Bonhomme 

et al. 2014; Shott 2015; MacLeod 2018; Okumura and Araujo 2019; Silva-Gago et al. 2019).  

Even though the initial rationale of the two systems is similar and is based on gathering different measures 

of each sample so that they can be compared, they differ in their purpose and their outputs. While GM can 

perform variability analyses per se, offering continuous multivariate outputs, and can, in a standalone mode, 

assess morphometric similarities between different groups of populations (Mitteroecker and Gunz 2009), 

their complete integration within different methods related to Evolutionary Biology—thus, Evolutionary 

Archaeology—is not straightforward, and usually depends on statistic workarounds (Adams et al. 2013). 

Conversely, GS is not aimed to develop an analysis on its own, but to speed up the data gathering process, 

and to provide different kinds of measures and offer diverse univariate outputs both in continuous and 

discrete forms. These can then be combined and used in different later analyses to be determined by the 

researcher. In this sense, although they can be combined with continuous measures in some cases, the 

architecture of phylogenetic analyses usually requires discrete-categorical values, both in terms of 

presence/absence or in terms of multistate characters (Wiley et al. 1991; Kitching et al. 1998; O’Brien and 

Lee Lyman 2003; Felsenstein 2004; Crema et al. 2014). The main difference with GM does not reside in 

the discretisation procedure, which ultimately depends on the data available, and for which different 

proposals have been made, primarily, in the biological field (Thiele 1993; Forey and Kitching 2000; Wiens 

2001; Reid and Sidwell 2002). The main difference relies on the fact that, unlike GM, GS offers actual 

univariate values, not computed but taken directly from the piece, which, as such, can be discretised. We 

have used continuous measures for this work in keeping with our requirements.  

Although GS is explained at length elsewhere (Cortell-Nicolau 2019), some description is necessary here. 

GS has been developed using the R Programming Language 3.3.3 (R Core Team 2017) and will be 
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compiled into an R package once the final features under development are completed. At this point, the 

system relies on a vectorised image of the sample being studied to calculate different typometric variables. 

The sample is placed over a grid where 260 measures per piece are automatically taken. Besides, each 

measure is offered both in continuous form and in discrete form—the parameters to discretize each output 

can be controlled by the researcher. Because a great quantity of our sample presents fractures, each measure 

is accompanied by a reliability index indicating whether it has been extracted from a broken part of the 

piece, or not. This is useful since it maximises the use of our sample, using all complete measures, not just 

all complete samples. The most important measures taken include the classic measures, such as sides, 

angles, maximum length and width, etc. However, the strength of the system relies on the calculation of 

the L-measures. L-lines/measures are a series of lines displayed on a grid crossing the geometric from distal 

side to proximal side, and from vertex to base—or from shorter base to longer base, for that matter. We 

divide those lines into horizontal N-lines and S-lines and vertical E-lines and W-lines, as shown in figure 

4 (the lines Max_Width and Max_Length divide the domains of N-lines/S-lines and E-lines/W-lines 

respectively). The programme automatically captures how much of each line is crossing the geometric, 

providing its length as an output. Although different grids with different resolutions have been prepared, in 

this case we use a resolution of 1 mm. That is, the distance between each L-line is 1 mm. Because for the 

proximal-distal lines (E-W Lines) measuring the total length could mask differences in the sides and 

laterality, currently the measurement process is able to treat each side separately. (Fig. 4 near here). 

The system can also capture the perimeter measures, and the vertex of the piece, and offer them as discrete 

values, as well as offering a reliability index of the overall completeness of the piece, where the value 100% 

would mean that the piece is complete. Only pieces with a reliability index higher than 95% were accepted 

fort this study. 

As regards the GM approach, the past decade has seen a notable increase in its use for measuring cultural 

and biological variability, not only in the field of Evolutionary Biology but also in Evolutionary 

Archaeology (Buchanan and Collard 2010; Thulman 2012; Buchanan et al. 2014; Ragan and Buchanan 

2018). This increase has also led to a refinement of its methods, and a development of affordable tools and 

packages (Adams and Otárola-Castillo 2013). GM can be approached in two different ways, not necessarily 

exclusive, and often complementary; based on different types of landmarks, or on the actual outline of the 

shape (Claude 2008). In our case, we have done preliminary analysis both with landmarks, using the 

geomorph R Package (Adams and Otárola-Castillo 2013) and outlines, using the momocs R package 

(Bonhomme et al. 2014). In this work, we will follow an outline analysis, which can bring different insights 

and high accuracy using the data extracted from GS.  

For GM outline analysis to work properly there are some conditions applicable to the sample under study. 

Pieces need to be complete—this is not necessary using landmarks, where missing landmarks can be 

inferred—and must also be scaled and centred following a General Procrustes Alignment (GPA) which fits 

the units to the same centre and spatial dimensions (Claude 2008). This is another difference from GS, 

where all of the information is gathered based on a 1:1 scale, not following GPA. While it is necessary for 

the piece to be compared under GM techniques, this scaling of the sample may not be necessarily wanted 

by the researcher if size, regardless of shape, does matter to infer cultural differences. Although it is true 

that some solutions for estimating size have been provided, they are often comprised of complementing 
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GM methods, not on GM themselves (Piras et al. 2010; Okumura and Araujo 2019). Methods to estimate 

allometry have indeed been effectively developed (Adams et al. 2013). However, allometry refers not only 

to the variation in size, but to the effects that growth—reduction, in the case of lithics—has on size 

variation, and how shape and size covary through time (Claude 2008; Klingenberg 2016). The implications 

and differences of each idea, via lithic reduction/lithic conception can be significant (Dibble 1984, 1987; 

Barton 1990, 1991; Blades 2003; Clark and Barton 2017; Cortell-Nicolau et al. 2019). 

Because the outline design relies on the pixel contrast, methods exist to treat images extracting that contrast 

(Claude 2008). In our case, and because our images were already vectorised, that task has been a relatively 

fast process, since we have included a function within the GS environment to produce .jpg outputs, suited 

for GM analysis (Fig. 5 near here). 

Once the outlines are correctly introduced into the software, a Fourier analysis is performed. Fourier 

analysis is based on Fourier transformation series and captures the sine wave produced by the shape of the 

piece, at n harmonics, to be specified by the researcher. In our case, we used an elliptical Fourier analysis, 

at 20 harmonics, to pass the data to further statistical analyses; this has been advised for complex routines, 

over different Fourier methods (Rohlf and Archie 1984). 

 

Once each sample was processed, we applied different statistical procedures for each method, often 

common, but sometimes slightly adapted. For GS, we developed Principal Component Analyses (PCA) on 

different groups of measures. This not only gave us an idea of variation, but it also offered new variables 

accounting for significant amounts of variance, thus reducing the number of dimensions in our data frame 

and preparing all of the information for further analysis. The next step was to create a data frame, where 

means of different measures, grouped by phases, were paired to the mean results of principal components 

one and two of N-Lines, S-Lines, E-Lines and W-Lines. From these data, the Jaccard distance by phases 

was calculated and clustered.  

As for GM, we have also applied PCA. However, it has been argued that PCAs can obscure the meaning 

of between group separations in relation to within group separations (MacLeod 2018). For this reason 

MacLeod recommends the use of Linear Discriminant Analysis (LDA), which we also applied. Indeed, on 

comparing, we observed that LDA offers a neater separation between groups, and that it does not always 

coincide with PCA results. PCA is not designed to capture variation between groups, but rather to find out 

which are the elements, or eigenvectors, accounting for the major amount of variance, thus offering a way 

to reduce the dimensionality of the data. This makes PCA useful for GS (d = 260), but might require 

complementary analyses under a GM perspective. The LDAs produced by the GM analysis were also cross-

validated to obtain the mispredictions of the analysis, therefore gaining new knowledge on where the 

potential conflicts exist. We also used K-means clustering (c = 5) to obtain morphometric clusters, 

regardless of the phase, so that we could assess the main vectors defining the morphometry of the sample. 

Finally, and in order to test between group similarity, we ran a pairwise MANOVA analysis, aimed at 

refining the information obtained from the different clusters. 

3. RESULTS 

The first PCAs obtained from the GS data have been divided into four groups, as shown in fig. 6 for 

visualisation. They are divided on the basis of the correlated variables to observe how do these groups relate 
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to one another, which eigenvectors are accounting for maximum variance, and what features are responsible 

for this variance and to what extent (Fig. 6 near here). 

Fig. 6a shows that PC1 and PC2 account for 80.4% of the variance, with the variables Width and Length 

pulling significantly in different directions, thus showing independence between width and length. 

However, the variable Area falling in the middle of both, hints at correlation among them—on the other 

hand, expected. We have decided to put them together in the similarity analysis as Ratio 1 (R1), defined by 

Length/Width, as R1 could be indicative of the relationship between Length, Width and Area. On the other 

hand, Length seems to affect especially the distribution of phase C, while Width seems to be especially 

relevant for Neolithic phases. In Fig. 6b, PC1 and PC2 account for 80.2% of the variance, where again we 

can see that width (L-Width) affects the Neolithic phases more significantly, while Length (L-Length) 

seems to be a stronger determinant for Mesolithic phases. This seems somehow symmetrical to how the 

proximal angle (Angle 1) and the distal angle (Angle 2) affect the different phases, perhaps hinting to some 

changes in laterality, to be further studied. In Fig. 6c, 98.2% of the variance is explained by PCs 1 and 2, 

thereby achieving a significant dimensionality reduction of L-Lines. The behaviour of NS-Lines, and WE-

Lines, grouping together, could be indicating a high degree of overall symmetry on the component 

measurement of the geometrics, although we can see a stronger distinction between the Neolithic 

eigenvalues, in relation to the phase B Mesolithic values. This does not contradict possible changes in 

laterality from one phase to another. In the last PCA, PC1 and PC2 account for 91.1% of the variance. We 

separately analysed the L-lines for each side on the basal part and the vertex of each geometric. The results 

observed in the first analysis (6a) reappear, when we see how proximal measures cluster together, affecting 

the Neolithic sample, while distal measures seem to have more influence on the results of the Mesolithic. 

Again, possibly pointing to changes in the laterality. An overview of these four analyses combined hints at 

a relationship between the different groups. We can, indeed, see how sub-phases are clustered together 

within their major phase, and Neolithic geometrics tend to group further away from the Mesolithic samples, 

which was expected. However, what was not expected was Mesolithic phase A clusters being closer to the 

Neolithic sample than to the Mesolithic phase B. Finally, Mesolithic phase B and Mesolithic phase C seem 

to group together, which relates phase C (supposedly transitional) to the Late Mesolithic.  

In view of these results, we decided to perform a preliminary exploration of the anomaly where the 

Mesolithic phase A is closer to the Neolithic than it is to its next chronological stage. We did this by 

applying a Jaccard similarity analysis, based on the data mentioned at the previous section. Fig. 7 (Fig. 7 

near here) shows that such relationships are confirmed by the Jaccard similarity analysis. Clusters are 

divided between the phase A and the Neolithic, and the phases B and C (7a). The dissimilarity values reach 

their maximum when phases B and C (mainly C) are compared to the Neolithic. This situation is to be 

explored in further research. 

 

As for the GM analysis, the results of the PCA, where PC1 and PC2 account for an 84.6% of the variance 

are, as expected, similar to the ones obtained with GS regarding the grouping of the different phases. Phase 

C does not show relationship with the Neolithic sample (Fig. 8 near here). 

However, when performing the LDA we can observe significant changes, where phase C has dramatically 

changed its position, and relocated entirely within the Neolithic phases. Interestingly, no matter the 
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analysis, phase A remains more correlated to the Early Neolithic sample than phase B, inconsistent with a 

process of linear change (Fig. 9 near here). 

Nevertheless, this LDA analysis must be considered with care for two main reasons. First, the LD1 and 

LD2 only account for 52.3% of the variance, while the cross-validation test only reaches an average of 

28.4% correctly classified samples. In fact, after n = 25 iterations of CV tests on LDA inputs, we can 

observe in Fig. 10 how the geometrics of phase C have been mispredicted 100% of the time, of which 

71.43% have been classified as Neolithic samples (Fig. 10 near here).  

As for the K-means, adjusted at 5 classes, the value of the sum of squared distances of each class mean to 

the global mean accounts for 75.6% of the total sum of squared distances of each point to the global mean. 

This shows that there are discernible patterns of clustering based on the morphometry of the pieces, where 

concavities, laterality and width of the geometrics seem to be especially relevant for grouping (Fig. 11 near 

here).  

Finally, the results of the pairwise MANOVA analysis (Table 2) do bring new information on the trends 

previously hinted at. On the one hand, and as expected, we can accept H0—there is no difference between 

populations—when subphases are paired (A1 ~ A2: V = 0.19, p-value = 0.11 / B1 ~ B2: V = 0.03, p-value 

= 0.92 / B1 ~ B3: V = 0.41, p-value = 0.14/ B2 ~ B3: V = 0.18, p-value = 0.11 / Or Ia ~ Or Ib: V = 0.14, p-

value = 0.4). On the other hand, some difference between phase A2 and phase B could be accepted, even 

though the values are at the limit of acceptance (A2 ~ B1: V = 0.25, p-value = 0.06 / A2 ~ B3: V = 0.27, p-

value = 0.13). Paradoxically, phase B3, which already showed some problems on the previous LDA 

analysis, is the only one not significantly different from phase C (B3 ~ C: V = 0.58, p-value = 0.21), again 

contradicting the results of LDAs, where phase C seemed to be more correlated to Neolithic phases. 

 Phases Df Pillai approx F num Df den Df Pr(>F) 
A1 - A2 1 0.19644424 1.7811292 7 51 0.11146706 
A1 - B1 1 0.33089653 2.61398217 7 37 0.02682149 
A1 - B2 1 0.25305787 3.62991209 7 75 0.00201078 
A1 - B3 1 0.55130148 4.38809972 7 25 0.00269494 
A1 – C 1 0.71119465 9.85015886 7 28 3.79E-06 
A1 - Or Ia 1 0.62746098 10.8275308 7 45 6.50E-08 
A1 - Or Ib 1 0.43968761 4.82041482 7 43 0.00045199 
A2 - B1 1 0.25371316 2.13693765 7 44 0.05920908 
A2 - B2 1 0.15879035 2.211239 7 82 0.0414651 
A2 - B3 1 0.27755687 1.75630628 7 32 0.1310892 
A2 – C 1 0.70265966 11.815747 7 35 1.30E-07 
A2 - Or Ia 1 0.62962254 12.6281877 7 52 2.47E-09 
A2 - Or Ib 1 0.4492877 5.82735812 7 50 5.65E-05 
B1 - B2 1 0.03613707 0.36420723 7 68 0.91988754 
B1 - B3 1 0.41338027 1.81203903 7 18 0.14637948 
B1 – C 1 0.71067494 7.36896005 7 21 0.00016199 
B1 - Or Ia 1 0.81231778 23.4956997 7 38 5.65E-12 
B1 - Or Ib 1 0.76244367 16.5061437 7 36 1.60E-09 
B2 - B3 1 0.18049261 1.76196203 7 56 0.11340564 
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B2 – C 1 0.55646334 10.5745283 7 59 1.56E-08 
B2 - Or Ia 1 0.77075226 36.5027263 7 76 7.83E-22 
B2 - Or Ib 1 0.6220162 17.3965121 7 74 2.08E-13 
B3 – C 1 0.57781304 1.75965283 7 9 0.21109806 
B3 - Or Ia 1 0.70424268 8.84427316 7 26 1.49E-05 
B3 - Or Ib 1 0.61734423 5.53136506 7 24 0.00069979 
C - Or Ia 1 0.59449527 6.07368731 7 29 0.00020138 
C - Or Ib 1 0.56018659 4.91280992 7 27 0.00112118 
Or Ia - Or Ib 1 0.1460467 1.07500943 7 44 0.39536739 

 

Table 2. Results of the MANOVA analysis for population similarities between each phase.  

 

4. DISCUSSION 

In this paper we have introduced new statistical procedures applied to geometric microliths in order to test 

hypotheses of cultural evolutionary patterns within the Neolithic transition in Eastern Iberia. To do this we 

used GM and GS methods to explore cultural evolution patterns in terms of continuity or breakdown, trying 

to connect them with the current explanation of two main sites that encompass Last Mesolithic and Early 

Neolithic sequences in Eastern Iberia. In particular we have tried to see if the transitional phase proposed 

by some authors in Cueva de la Cocina has an actual archaeological meaning, or if it corresponds to a 

palimpsest created by the post-depositional processes affecting the cave. In order to support the 

archaeological significance of phase C, it would be expected for it to show consistent correlations with the 

other phases (A and B at the site), or at least a somehow equivalent position between phases during the 

different analysis performed. However, this is not the case. Contrary to the other phases, which, as expected, 

show similar results throughout the different tests, phase C does not show a consistent position through the 

different tests performed, grouping with different phases depending on the factors analysed. This leads us 

to think that the way in which phase C was formed may have its origin in disturbances that have affected 

the upper layers of the cave. If this was so, as our results seem to substantiate, then we could not speak of 

the phase C of Cueva de la Cocina as an acculturation phase, but rather as a previously unrecognised 

palimpsest. 

We would also like to refer briefly to the relationship between phase A and the Early Neolithic. When taken 

separately, the behaviour of phase A could be accepted as drifting towards phase B, which seems to be 

interrupted in the Early Neolithic (Fig. 12 near here). Nevertheless, the different analyses performed show 

a higher A ~ Or I correlation than A ~ B correlation, even though there is a significant chronological gap 

between them. This relationship, although unexpected, is consistent through all the analyses. 

Although this was not the objective of the article, and therefore needs further research, we believe that some 

short comments are due. The recent increase in ancient DNA analyses and paleogenomics allows us to 

better understand processes of genetic continuity and introgression of Mesolithic genes into the genomes 

characteristic of Early Neolithic colonists (Vidal Encinas et al. 2008; Haile et al. 2009; Edwards et al. 2011; 

Hernández 2015; Irving-Pease et al. 2018; Ollivier et al. 2018). As a matter of fact, genomic studies on 

European Mesolithic and Neolithic populations, particularly at the site of La Mina (Cataluña, Spain), show 

an increase of up to 20% Mesolithic ‘Western Hunter Gatherer’ (WHG) genomic admixture no less than 
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1500 years after the Neolithic spread in the Peninsula (Shennan 2018). They also confirm the survival of 

hunter-gatherer ancestry well into the Middle Neolithic (Olalde et al. 2019). This shows that phylogenetic 

traces of ancestry, and the populations bearing those traces, can continue at different scales long after they 

have become a minority. Whether this is applicable to cultural transmission and evolution is a path worth 

exploring. On the other hand, homoplasies are well known in ecological and archaeological literature 

(Wiley et al. 1991; O’Brien and Lee Lyman 2003; O’Brien et al. 2014), albeit less likely in the case of traits 

with a very strong transmission signal. Lastly, we can consider the possibility of an initial common drift 

for the Mesolithic A Iberian groups and the Neolithic newcomers, that would be two groups of population 

coming from the same origin but evolving differently. In this sense, recent studies on the Castelnovian 

spread (Perrin et al. 2010; Perrin and Binder 2014; Marchand and Perrin 2017) or on the lithic industry 

belonging to the Impressa culture (Manen et al. 2019) should bring significant information. 

5. CONCLUSION 

In this paper we have focused on the study of temporal morphological variability in geometric microliths, 

and how we can use it to address different research questions. In doing so we have used, as case study, two 

main sites, one of which (Cueva de la Cocina) has been argued to represent the development of a possible 

acculturation process (represented by Cocina C from Fortea’s interpretation) of the last hunter-gatherers, 

and the other (Cova de l’Or) showing an ex novo Neolithic context, without a Mesolithic presence. Our 

results, showing the lack of coherence in the morphometric variation of the Cocina phase C sample would 

reinforce the idea of percolations and taphonomic problems indicated in previous works that have addressed 

the hypothesis of a Mesolithic acculturation at the site (Pardo-Gordó et al. 2018; García-Puchol et al. 

2018a).  

As regards the apparent similarity between the geometrics of Mesolithic phase A and the Neolithic, more 

research is needed in order to clarify its meaning. There are three possibilities: cultural resilience, 

convergence, or common origin, but we are aware that they need further study in order to evaluate its actual 

significance. 

We have also seen two different approaches to the morphometric study of cultural variation, and how it can 

be applied to different research questions. One (GS) is designed to obtain specific univariate 

continuous/discrete measures in order to perform further studies. The other (GM) is a comprehensive 

method, based on continuous multivariate measures, with a well-developed and increasing theoretical and 

methodological framework, able to obtain specific results on a standalone basis. As is usually the case with 

theoretical and methodological tools, the use of one, the other, or both will depend mainly on the 

fundamental questions to be answered by the researcher. 

Finally, this present paper provides a first approach to the typometric evolution of the geometric microliths 

of the Late Mesolithic and the Early Neolithic in the Eastern Iberian Peninsula on the basis of GM and GS 

methods. Morphometry is not the only factor to be accounted for when studying stylistic trends (Shott 

2015), but it is obviously an important one (Buchanan and Collard 2010). More work is on the way in order 

to refine present parameters, assumptions and methodology, and also to include new variables and sources 

of information. In any case, we believe we have introduced some questions whose significance is worth 

exploring. 
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CAPTIONS 

Fig. 1 Synthesized representation of the geometric microliths of the archaeological phases treated in the 

article, extracted from Cueva de la Cocina and Cova de l’Or. Chronological references are approximate 

Fig. 2 Location of Cueva de la Cocina, and Cova de l’Or 

Fig. 3 Boxplot showing the morphometric differences of geometric microliths when used as arrowpoints 

(AP) or sickles (SF). GX expresses the type of geometric, as defined by Javier Fortea  

Fig. 4 Geometric over printed grid within the Geomeasure system. W_Lines, E_Lines, N_Lines and 

S_Lines refer to the domain and number of each group of lines. The program captures the amount of each 

line crossing the geometric and offers its length as an output. The numbers [0,5;5,10;10,5;5,0;5,5] are UTM 

coordinates, used as standard points for faster georeferencing and scaling 

Fig. 5 Outline for some of the geometric microliths used under a Geometric Morphometrics approach  

Fig. 6 Different PCAs developed within the Geomeasure system. Fig. 6a shows comparison between length, 

area, width and maximum thickness, fig. 6b refers to L-length and L-width lines and proximal and distal 

angles (Angle 1 and Angle 2), fig 6c analyses N, S, E and W lines—as they are shown in the text and in 

fig. 4—and fig. 6d proximal and distal vertexes and bases 

Fig. 7 Results of the Jaccard analysis. Fig. 7a shows an initial dendogram. Fig. 7b includes a heatmap of 

the values between phases 

Fig. 8 PCA under a Geometric Morphometrics approach 

Fig. 9 LDA under a Geometric Morphometrics approach 

Fig. 10 Results of cross validation tests over LDA inputs show how many times the phase of the geometric 

has been correctly predicted according to its real phase and attending to the LDA analysis. The rows show 

the phase and the columns show the prediction. Darker colours show the highest number of correct 

predictions, whereas lighter colours show majority of mispredictions. As it can be seen, phase B2 is the 

most correctly predicted, thus offering a clear entity, whereas phase C has been erroneously predicted every 

iteration    

Fig. 11 K-means values, showing that there are morphometrical patterns of clustering 

Fig. 12 Diachronic tendencies of the means of each N-Line (only the first 10 N-Lines are shown). The mean 

length of each line seems to decrease from the phase A to the phase B, whereas it stays steady during the 

phase B, and raises abruptly with the first Neolithic phase  
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