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Salvador Pardo-Gordó c 
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A B S T R A C T   

Cova del Vidre (Roquetes, Tarragona, Spain), strategically located in El Port massif, a high-altitude mountain 
range contrasting with the lower course of the Ebro River, has an interrupted sequence of occupations from the 
beginning of the Holocene until the establishment of the first Neolithic groups (c. 10,800–5000 cal. BC). It is 
currently the site with the most complete sequence detected in the lower Ebro valley. 

The comprehensive analysis of the knapped lithic industry from the four phases identified during excavations 
in the 1950s–1960s and 1992 (Microlaminar Epipaleolithic, Sauveterrian, Late Mesolithic, and Early Cardial 
Neolithic) reveals significant evolution in the management and exploitation of chipped stone raw materials, their 
technology, and the formalization of tools in the four occupation phases. Furthermore, the chronological 
determination of the Sauveterrian phase by radiocarbon dating (14C) allows us to integrate the largest assem-
blage in the sequence within the regional productive dynamics. It also enables us to establish the temporal 
sequence of the detected occupations together with the previously published radiocarbon dates.   

1. Introduction 

Cova del Vidre is a key site with recurrent occupation in the lower 
Ebro River basin. Its location makes it a strategic site due to its proximity 
to resources, and its role as a refuge on route networks and for con-
trolling the surrounding valleys. As a result, it was frequented by human 
groups throughout recent prehistory. Four main phases of occupation 
have been identified in this archaeological deposit: Microlaminar Epi-
paleolithic, Sauveterrian, Late Mesolithic, and Early Cardial Neolithic 
(c. 10,800–5000 cal. BC). Of these phases, the Sauveterrian phase has 
not been dated until now, which has hindered the integration of its data 
into the peninsular Sauveterrian lithic industries (Soto et al., 2016, 
2020; Román & Domingo, 2019). 

At the same time, the Late Mesolithic (6800–5700 cal. BC) represents 
a widespread gap in the northeastern Iberian Peninsula due to the great 
scarcity of known occupations. In addition, there is the indefiniteness of 
its lithic assemblages in the northeastern Iberian Peninsula, as has been 
discussed in numerous studies (Barceló, 2008; Vaquero & García- 
Argüelles, 2009; Morales & Oms, 2012; Morales et al., 2013a; Juan- 

Cabanilles & Martí, 2002; Juan-Cabanilles & García-Puchol, 2013; 
Oms et al., 2017; among others). This gap has also been detected in the 
border area of the Ebro basin, which makes the site discussed in this 
study one of the few that can present geometric elements linked to this 
period. Nevertheless, the site does not integrate within the lithic pro-
duction dynamics of Lower Aragon (Utrilla et al., 2009) or central- 
southern Valencia (Martí et al., 2009). The lithic assemblage dated be-
tween 6300 and 6000 cal. BC in Cova del Vidre does not allow for dif-
ferentiation in any of the sub-phases based on the proportions of 
trapezoidal geometric arrowheads and the sparse presence of triangles 
(Phase A) or the predominant presence of triangles over trapezoids 
(Phase B) including the characteristic Cocina-type triangle (triangle with 
two concave edges and a generally rounded vertex) (Fortea, 1971, 1973; 
Juan-Cabanilles, 1985). 

Within the dynamics of the prehistoric population in this area, cave 
occupations characterize the Epipaleolithic periods in the lower Ebro 
region through Cova del Clot de l’Hospital (Bosch et al., 2015; Bosch, 
2011, 2016a, 2016b), and Cova del Vidre, which includes Sauveterrian 
industries, limited geometric elements from the Late Mesolithic, and 
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Cardial Neolithic pottery production (Bosch, 2011, 2016a, 2016b; Bosch 
et al., 2022). Later, prehistoric data proliferates for the Epicardial period 
on the Ebro river terraces (El Molló, Piera et al., 2016; Barranc d’en 
Fabra, Bosch, 1993, Bosch et al., 1996; Riols I, Royo & Gómez, 1992), 
and there is extensive surface material evidence that indicates open-air 
occupations or activities on the terraces throughout the valley (Genera, 
1991, 1993; Esteve Gálvez, 2000; Bosch, 2005; Molist et al., 2020; 
Gironès et al., 2020; Gironès & Molist, 2023), but not in caves. The lithic 
technocomplexes at Cova del Vidre provide valuable information about 
production during this transition in the area, albeit fragmented due to 
the lack of new stratified sites. 

Although some general information is available about these lithic 
industries (Bosch, 2001; Bosch, 2005; Bosch, 2016a), we lack a detailed 
diachronic understanding of the productive changes in this micro- 
region, as well as their relationships and differences beyond this terri-
torial framework, which would allow us to integrate them into regional 
productions. 

To evaluate the changes systematically and fully in the exploitation 
and management of lithic productions in the occupations of Cova del 
Vidre, this study presents an analysis of the contextualized lithic as-
semblages from the levels reliably assigned to the four identified chrono- 
cultural phases. It focuses on an initial approach to the management of 
raw materials, their exploitation, and transformation into tools, together 
with a new radiocarbon date that establishes the chronology of the 
assemblage associated with the Sauveterrian, which is the most abun-
dant one at the site. The main objectives are to determine a more 
rigorous productive and chronological delimitation of the contextual-
ized lithic assemblages through their revision and systematization, as 
well as to implement new radiocarbon dating that can provide a more 
precise temporal framework. This will generate reliable information for 
further analysis and integration into the macro-regional lithic produc-
tive dynamics within each chrono-cultural horizon. 

2. Cova del Vidre 

2.1. Cova del Vidre location 

Cova del Vidre (UTM ETRS89 31N X: 273426.8, Y: 4517063.3) is in 
the mountainous unit of El Port massif, in the modern village of 
Roquetes (Baix Ebre, Tarragona) (Fig. 1). The cave is oriented east- 
northeast in the limestone wall of the southeast slope of Mola del 
Boix, at an approximate altitude of 1,020 m above sea level and about 4 
km in a straight line from the summit of Caro (1,447 m above sea level). 
Its location is optimal on a mountain pass connecting the high plateaus 
in the surrounding area. It offers a wide panoramic view of the network 
of valleys and ravines that flow into the secondary waterways of Barranc 
de Barretes and Barranc de Lloret, extending to the plain of the Ebro 
basin and the delta. The cave has a triangular-shaped entrance in a fold 
in the limestone wall, approximately 30 m wide and 15 m high, while 
the ceiling descends gradually towards the deepest part. Inside, there are 
two adjoining chambers: a main chamber with a depth of 43 m, char-
acterized by large blocks detached from the ceiling, and a second space 
in the northern wall, measuring 15 m in length, 10 m in width, and with 
a height of just over 1.5 m due to sedimentological infilling from the 
main chamber. 

2.2. Archaeological context and past fieldwork 

As described in recently published studies (Bosch, 2001, 2005, 
2016a), the first archaeological fieldwork at the site was conducted by 
Francesc Esteve Gálvez in 1945, with two trenches: one inside the cave 
and the other in the central-northern area. The lithic remains that were 
recovered indicated Neolithic and Upper Paleolithic levels in the first 
trench. Subsequently, in 1954, Esteve Gálvez performed a second 
excavation in the same areas, expanding the recovered material as-
semblages from the previously identified occupation phases. In 1957, 

1958, and 1960, Ignasi Cantarell carried out several excavations inside 
the cave, further enhancing the stratigraphic information acquired by 
Esteve Gálvez. Cantarell’s work focused on excavating six trenches in 
the main chamber and one in the small adjoining inner chamber to the 
north. In 1957, Cantarell excavated test pits A, B, and C, documenting 
Neolithic and Epipaleolithic levels. According to Cantarell’s original 
documents, between 1957 and 1958, Esteve Gálvez performed his last 
excavation between test pits A and C, leading Cantarell to intervene in 
the same area in 1960 (referred to as test pit E and the “Esteve Zone”), as 
well as recovering surface material in the Central Zone of the main 
chamber. 

Stratigraphically, Cantarell defined three levels (EI, unidentified in 
situ, EII, and EIII) in Esteve’s test pit E and the so-called “Esteve Zone,” 
which consisted of sediments extracted by F. Esteve Gálvez. The last two 
layers (EII and EIII) were assigned to the Early Neolithic horizon due to 
the presence of pottery sherds. In Cantarell’s new excavations, the 
following sequence was recorded (Bosch, 2016a): Trench A with five 
levels (A1-A5), Trench B with two levels (B1 and B2), and Trench C with 
six levels (C1-C6). Initially, these levels were classified as belonging to 
the Early Neolithic (C1, B1, B2, A1, A2, and A3) or the Epipaleolithic 
(C2, C3, C4, and C5) based on the presence or absence of pottery, while 
the remaining levels were without archeological remains. 

Systematic excavation and reactivation of fieldwork took place in 
1992 under the management of J. Bosch with others, expanding on 
Cantarell’s trenches C and A (Fig. 2). Two sectors were defined: firstly, 
the Central Sector (an extension of the previous Sector A), which 
revealed the identification of five levels (1–5 Central).1 Levels 2 and 4 
were attributed to the Cardial Early Neolithic and Late Mesolithic, 
respectively (Level 3 was archaeologically sterile, and Level 1 was su-
perficial). Secondly, the Inner Sector consisted of two overlapped levels 
(1/2-Interior) assigned to the Sauveterrian facies and Microlaminar 
Epipaleolithic, respectively (Fig. 3). Notable finds from this recent 
fieldwork include the productive association of a level belonging to the 
Sauveterrian technocomplex (1-Interior) and the identification of a level 
corresponding to the Geometric Mesolithic (4-Central) comprising a 
combustion structure, together with another one found in level 2- 
Central. 

All this work has enabled a unified stratigraphic correlation (Bosch, 
2005, 2016a). However, some of the associated levels show the possible 
formation of stratigraphic palimpsests due to the presence of incon-
gruous materials. It should be emphasized that such palimpsests may be 
conditioned by episodes of variable intensity of water circulation within 
the cave (Bergadà, 1996). To address this, a detailed selection of con-
texts has been made, considering their relationship, the coherence of the 
artifacts they contain, and their chronological links based on the 
currently available dates (Table 1). 

3. Material and methods 

3.1. Sample, context selection and preservation of the assemblages 

The analyzed assemblages represent 54.69 % (n = 1,002) of the total 
material recovered from all archaeological excavations. 751 artifacts 
associated with non-stratified surface areas (40.99 %) and 79 artifacts 
(4.32 %) from stratigraphic contexts considered unreliable (C1, C2, A1, 
B1, B2, EII, and EIII) have been excluded. The analyzed sub-assemblages 
attributed to each occupational phase are as follows: 

1 Level 5 in the Central Sector has a boundary defined by the significant 
reduction in the number of archaeological remains, with hardly any lithic ar-
tifacts (n=1) and little fauna, as no sedimentological change was detected in 
1992. Due to these circumstances, it has not been included in the analysis and 
currently, the characterization and possible subdivision of Level 5 are under 
review. 
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Fig. 1. Top: Digital Elevation Model showing the location of Cova del Vidre (topographic base: ICGC and EEA). Bottom (left to right): Main entrance; partial view of 
Central sector (1992); entrance to second small inner chamber adjoined to the north wall of the main chamber (Photographs: SAPPO-GRAMPO, 2019). 

I. Gironès-Rofes et al.                                                                                                                                                                                                                          



Journal of Archaeological Science: Reports 54 (2024) 104408

4

Fig. 2. Plan of Cova del Vidre and elevation with F. Esteve Gálvez, I. Cantarell and J. Bosch’s excavation areas. Merger and digitalisation of original documents by I. 
Cantarell and J. Bosch (2005). 
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Fig. 3. Inner Sector and Central Sector section digitalisation from Bosch, 2005.  
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• Microlaminar Epipaleolithic (ME): C5 and 2-Interior (n = 207)  
• Sauveterrian (SAU): C3/C4 and 1-Interior (a/b) (n = 527)  
• Late Mesolithic (LM): 4-Central (n = 133)  
• Early Cardial Neolithic (ECN): A2 and 2-Central (n = 135) 

In terms of preservation, all lithic artifacts in these assemblages 
(modified and unmodified, see Table 2) show similar proportions of 
complete elements (30–40 %), with slightly lower percentages in ECN 
assemblage. There is a predominance of long fragments (>50 % of the 
objects, 40–52 %) compared to short fragments. 

Regarding blade industries, complete elements amount to less than 
30 % in all cases. Proximal fragments dominate in all cases (between 28 
and 33 %), except in ME assemblage, where medial fragments pre-
dominate (38 %). Finally, distal fragments account for around 20–25 %, 
with ECN assemblage having a lower proportion (13.33 %), and the 
remaining medial fragments showing roughly equal proportions be-
tween ME and SAU assemblages, with the lowest proportion in LM 
assemblage (13.51 %). 

The fragmented elements of the assemblages correspond globally to 
77.46 % for blade blanks and 68.3 % for flake blanks. Therefore, com-
plete flakes account for 31.7 % and complete blades for 22.54 % of the 
assemblages. 

Additionally, a series of thermal alterations have been identified on 
the analyzed artifacts, accounting for a high percentage relative to the 
total artifacts (40.21 %) (Table 3). For each assemblage, thermal alter-
ations appear on 30.92 % of ME assemblage, 41.37 % of SAU assem-
blage, 32.33 % of LM assemblage, and 57.78 % of ECN assemblage. In 
these cases, alterations related to the optimization of the material pre-
dominate (75.18 %), and they do not affect the artifacts negatively. 
These alterations include thermal glosses, color changes, and thin, matte 
patinas on the objects. Some of these alterations show combinations of 
these effects. On the other hand, attributes such as flaking (or pot-lids), 
thermal bubbles, fissures and thermal fractures account for 24.82 % of 
the alterations, mostly combined with some type of non-aggressive 
alteration. All these thermal alterations may be indicative of the same 
patterns of space use, as recurrent combustion activities were detected 

in the last two phases of occupation, with the possibility of their pres-
ence in the preceding phases due to the abundant charcoal remains as 
indirect evidence (Alcolea et al., 2022). 

3.2. Methodology 

3.2.1. Bayesian chronological modelling 
Chronological modelling was applied to refine the temporal defini-

tion of the lithic assemblages adding the new radiocarbon date. This 
allowed the integration of these dates into the complete sequence of the 
site through a continuous order sequence chronological model. This type 
of Bayesian model is the best approach to determine the duration of 
Cova del Vidre phases. The continuous order sequence chronological 
model assumes the existence of time intervals between the different 
phases, providing a more realistic and accurate chronology through 
Bayesian modelling. Using the gaps between the calibrated radiocarbon 
dates, it could calculate the duration of the stratigraphic interruptions or 
hiatuses: approximately 507 years between the two oldest levels, 2952 
years between level 1-Interior and level 4-Central and 710 years be-
tween level 4-Central and level 2-Central, which includes the archaeo-
logically barren level 3-Central. 

3.2.2. Lithic analysis 
The determination of raw materials has used macroscopic criteria 

through visual inspection and a stereo-microscope to categorize flint 
qualities following the proposal of X. Mangado (2004). Groups of raw 
material (MP) were characterized based on qualitative criteria: type of 
mineral, color, its combination (monochromatic/bichromatic/polych 
romatic), color distribution (homogeneous/irregular/banded/mottled), 
transparency (opaque, transparent, opaque with transparent edges), 
texture (fine, microcrystalline, aphanitic), luster (presence/absence), 
cortical (NC/<50 %/>50 %/C), and quality (low, medium, high; with 
mid-stage like medium–low and medium–high). These definitions were 
equally applied to the archaeological samples and the reference material 
from the lithotheque in the IMF-CSIC (Ortega et al., 2016). The archaeo-
logical samples were compared to the lithoteque material based on the 

Table 1 
Available absolute dates for levels documented in Cova del Vidre in 1992.  

Layer Lab_ID Sample Z (cm) Square BP Cal. BC (2 s) Cultural Ads. Ref. 

2-Interior Beta 58,933 CH − 226 U11 10740 ± 130 11118-10521 Microlaminar Epipaleolithic Bosch, 2005; 2016a 

1-Interior D-AMS 049,988 Bone − 180 U11 9988 ± 39 9740-9320 Sauveterrian This work 

4-Central UBAR 832 CH − 167 I11 7290 ± 70 6361-6016 Late Mesolithic Bosch, 2016a 

2-Central Beta 58,934 CH − 138 J11 6180 ± 90 5286-5003 Early Cardial Neolithic Bosch, 2016a 
2-Central Ox A 26,064 Bone − 118 I11 6181 ± 35 5217-5007 Early Cardial Neolithic Bosch, 2016a 
2-Central Ox A 26,065 Bone − 122 I11 6248 ± 33 5309-5071 Early Cardial Neolithic Bosch, 2016a  

Table 2 
Number and percentage of blanks and fragmented remains in each assemblage.   

ME SAU LM ECN 

N % % blanks N % % blanks N % % blanks N % % blanks 

FLAKES 91  100.00 43.96 310  100.00 58.82 96  100.00 72.18 74 100.00 54.81 
Complete 28 30.77 98 31.61 37 38.54 18 24.32 

Short fragment 22 24.18 44 14.19 17 17.71 12 16.22 
Largue fragment 40 43.96 159 51.29 41 42.71 39 52.70 

Indet. (frag.) 1 1.10 9 2.90 1 1.04 5 6.76 

BLADES/BLADELETS 115  100.00 55.56 205  100.00 38.90 37  100.00 27.82 60 100.00 44.44 
Complete 33 28.70 41 20.00 11 29.73 9 15.00 
Proximal 33 28.70 68 33.17 12 32.43 20 33.33 
Medial 25 21.74 44 21.46 5 13.51 23 38.33 
Distal 24 20.87 52 25.37 9 24.32 8 13.33 

CORES 1  0.48 12  2.28 0  0.00 1 0.74 

TOTAL 207  100 527  100 133  100 135 100  
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defined groups of raw material and associated with their corresponding 
geological formations of origin (G) at a regional scale. This provided a 
preliminary identification of the possible procurement radii of raw mate-
rials from primary outcrops based on current geological data (ICGC). 

For the lithic technological analysis, the definition of typometric 
blanks (flake and blade) according to Brézillon (1977) was adopted. 
Within laminar blanks, bladelets were defined based on the width cutoff 
value (<12 mm) provided by Tixier (1963). The length value was 
omitted due to the high proportion of fracture in the assemblages, all 
oriented along their percussion axis. 

The cores were classified under García-Puchol criteria (2005), 
specifying the morphology and adding bipiramidal category, the num-
ber of extraction planes, the direction of extractions (Unipolar/Bipolar/ 
Centripetal/Multiple), and the percussion surface (flat/prepared) (Gar-
cía-Puchol, 2005) were registered. Additionally, the type of knapped 
blanks and their count (Flake/Blade/Bladelet), the condition of the 
striking platform (Irregular/Partial abrasion/Total abrasion), the extent 
of exploitation (Irregular/Enveloping/Semi-Enveloping/Unifacial/Bifa-
cial opposite), identifiable knapping errors (Reflex/Fracture/Overshot), 
and the presence of macroscopically visible use-wear traces were also 
noted. Cores were measured based on their knapping orientation 
depending on their morphology: oriented parallel to their percussion 
axes (unipolar, bipolar and centripetal) or based on their maximum and 
minimum dimensions in case they are not morphologically identifiable, 
and for globular cores. 

Due to the limited presence of cores in the assemblage, a brief clas-
sification of products with technological attributes was added, providing 
information about the implemented production strategies. We used 
Fortea (1973) and Juan-Cabanilles (2008) criteria for typometrics, ty-
pology, and retouching. This criterion uses a hierarchical type list and its 
breakdown into sub-types, defined by technological and morphological 
aspects. The definition of retouching was simplified by selecting vari-
ables such as inclination, facial extension, direction, general delineation, 
and special delineation (Juan-Cabanilles, 2008:25). In every retouched 
group we have specified its location according to the percussion axis of 
the object concerning the dorsal face. 

Statistical tests were applied to metric variables to compare the 
length and width of flakes and blades between assemblages (See dis-
cussion section). These tests include normality tests (<50 samples, 
Shapiro-Wilk; >50 samples, Kolmogorov-Smirnov/Lilliefors) (Shapiro 
and Wilk, 1965; Lilliefors, 1967), parametric tests (Bartlett Test. Bar-
tlett, 1937), or non-parametric tests (Kruskal-Wallis. Kruskal & Wallis, 
1952) to explore differences in metric values based on the acceptance or 
rejection of the null hypothesis (H0). When the null hypothesis was 
rejected in the non-parametric tests, Post-hoc tests (Dunn’s Test, p. adj. 
Bonferroni. Dunn, 1964) were performed to identify, when applicable, 

variability among the assemblages as Alternative Hypothesis (H1). 
Simple Linear Regressions (Kenney & Keeping, 1962) were applied for 
length and width complete flakes values, after checking their residuals 
using normality tests (Shapiro-Wilk) and homoscedasticity tests 
(Breusch-Pagan Test. Breusch & Pagan, 1979). 

The statistical tests and associated graph figures were carried out on 
R software (R Core Team, 2018), using the rstatix, broom, and ggplot2 
packages. 

Code and data related to this work are available in Zenodo repository 
(https://doi.org/10.5281/zenodo.10161086, Gironès et al., 2023). 

4. Results 

4.1. Chronological sequence of Cova del Vidre 

The radiocarbon date obtained has been subjected to Bayesian 
modelling with the others published previously. The new date was 
carried out on a bone sample from the interior level 1 in 1992, specif-
ically on the distal diaphysis of a Capra pyrenaica femur. It was sent to 
the DirectAMS laboratory (WA, USA) for radiometric analysis and to the 
Stable Isotopes Ecology laboratory (University of Georgia, USA) for 
isotope analysis. To model the sequential order of the radiocarbon dates 
according to the phases recorded in the two excavations, OxCal software 
version 4.4.4 (Bronk-Ramsey, 2021) was used, with the IntCal20 cali-
bration curve (Reimer et al., 2020) and the application of a model of 
sequences with contiguous order based on the radiocarbon dates and 
their relationship with the superposition of associated levels (Fig. 4). 

Therefore, the order of the data used has been maintained according 
to the clear superposition of the stratigraphic levels and the coherence of 
the archaeological remains associated with each level. The results of the 
modeling have provided high correlation indices, exceeding 60 % 
(Aoverall = 100.8), as well as the overall consistency of the model 
(Amodel = 99.9). These results imply that the construction of the 
Bayesian model is robust and reliable, thus making the outcomes sta-
tistically valid. In this case, the duration of the sequential assemblage is 
6259 years (1 sigma) or 7622 years (2 sigmas) (Table 4), comprising an 
initial phase from the late 11th millennium cal. BC, corresponding to the 
Microlaminar Epipaleolithic. Although the available date has a high 
standard deviation (±130), it may display continuity with the later 
occupation, which covers a range from the late 11th millennium to the 
middle 9th millennium cal. BC. Generally, within this overall range, 
there are certain temporal gaps: between levels 1-Interior and 4-Central, 
and another one between the latter and 2-Central, as observed in the 
mentioned stratigraphic traits. It is worth noting the inclusion of the Late 
Mesolithic in the model, although its subphase is indeterminate 
(7184–5646 cal. BC, 1 sigma), as well as the continuity of dates 

Table 3 
Number and percentage of thermal alterations in each assemblage. The category “combination” corresponds to the combination of two or more thermal alterations in 
the same artifact.  

THERMAL ALTERATIONS ME SAU LM ECN 

n % n % n % n % 

Thermal Optimum Alterations 

Thermal Gloss (LT) 29 64.44 105 66.46 23 71.88 56 82.35 
Color Change (CC) 4 8.89 3 1.90 1 3.13 0 0.00 

Thermal Patina (PT) 0 0.00 0 0.00 0 0.00 0 0.00 
Combinations (>1) 12 26.67 50 31.65 8 25.00 12 17.65 

TOTAL 45 100 158 100 32 100 68 100 

Overheated Alterations 

Cracked/Scale fissures (Cq) 0 0.00 3 5.00 1 9.09 0 0.00 
Thermal bubble (CT) 0 0.00 4 6.67 0 0.00 0 0.00 

Thermal Pot-lid flake (ET) 0 0.00 1 1.67 0 0.00 0 0.00 
Thermal Fracture (FT) 0 0.00 0 0.00 0 0.00 0 0.00 

Combinations (>1) 19 100 52 86.67 10 90.91 10 100 

TOTAL 19 100 60 100 11 100 10 100 

Sum thermal alterations 64 30.92 218 41.37 43 32.33 78 57.78 
Total analysed 207  527  133  135   
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corresponding to the Early Cardial Neolithic without any internal hiatus 
(5376–4971 cal. BC, 1 sigma). 

4.2. Lithic analysis 

4.2.1. Raw material 
The lithic assemblages from Cova del Vidre are heterogeneous in 

terms of siliceous rocks and quality (Table 5). The macroscopic analysis 
was applied to 1,002 lithic artifacts from the four assemblages. We have 
identified 16 siliceous groupings of different qualities (see Table 1a 
supplementary material), including low-quality chert (MP9, MP11, and 
MP15), and the predominance of flint in 13 distinct groupings (99.1 %). 
Unidentified flint due to patina or thermal alterations is included as a 
unified category (25.14 %) (see Table 1b supplementary material). 

Within the flint groupings, lacustrine carbonated materials (MP2 and 
MP13) stand out and are predominant in ME and SAU assemblages. In 
contrast, lacustrine evaporitic materials (MP4, MP5, MP15, and MP10) 
appear in equal proportions in the more recent assemblage. 

The acquisition of these materials corresponds to the formations 
detected in the nearby territory (Rey-Solé et al., 2015; Ortega et al., 
2016) (Fig. 5). On one hand, the lacustrine carbonate formations orig-
inating in the Ebro Depression are strongly represented (G2), with pri-
mary outcrops located around 25–50 km or even up to 100 km away 
(Fm. La Fatarella and Fm. Torrent del Cinca, respectively). These ma-
terials could also have been obtained from secondary outcrops near the 
main waterways based on the evidence of cortical rolling (Table 6). On 
the other hand, there is a lower quality trend but heterogeneity in the 
attributes of materials from different evaporitic formations throughout 
the Catalánides and their connection with the Iberian System. Some 
comparative similarities between materials can be observed (G3-G6 Fm. 
Valldeperes/Ud. Vilaverd; G4 Ud. Horta de Sant Joan/Fm. Ulldemolins 
or Ud. Font de la Salut), with radii ranging from 25 to 50 km and 

Fig. 4. Bayesian phase chronological model multiplot with available 14C data.  

Table 4 
Results from the Bayesian phase chronological model.   

Sequence BP Unmodelled (2 s) Modelled Bound. range 
(Cal. BC, 1 s) 

Bound. range 
(Cal. BC, 2 s) 

δ13C 
(‰) 

δ15N 
(‰) 

C/N  

from to from to (1 s) from to (2 s) 

Sequence 
1 

Boundary 
Start 1    

¡11230 ¡10581 ¡12269 ¡10223 11230–10230 12269–9747    

R_Date 
Beta 
58,933 

10740 
± 130 

− 11118 − 10521 − 10876 − 10553 − 11115 − 10246 

Boundary 
End 1    

¡10807 ¡10230 ¡10925 ¡9747 

Sequence 
2 

Boundary 
Start 2    

¡10039 ¡9434 ¡10528 ¡9365 10039–8409 10528–6943 − 19.78 2.76 3.31 

R_Date D- 
AMS 
049,988 

9988 
± 39 

− 9740 − 9320 − 9656 − 9366 − 9739 − 9318 

Boundary 
End 2    

¡9634 ¡8409 ¡9708 ¡6943 

Sequence 
3 

Boundary 
Start 3    

¡7184 ¡6077 ¡8677 ¡6034 7184–5646 8677–5277    

R_Date 
UBAR 832 

7290 
± 70 

− 6361 − 6016 − 6224 − 6079 − 6366 − 6016 

Boundary 
End 3    

¡6180 ¡5646 ¡6226 ¡5277 

Sequence 
4 

Boundary 
Start 4    

¡5376 ¡5126 ¡5658 ¡5071 5376–4971 5658–4647    

R_Date Ox 
A 26,065 

6248 
± 33 

− 5309 − 5071 − 5298 − 5130 − 5306 − 5081 

R_Date Ox 
A 26,064 

6181 
± 35 

− 5217 − 5007 − 5214 − 5106 − 5218 − 5060 

R_Date 
Beta 
58,934 

6180 
± 90 

− 5286 − 5003 − 5155 − 5052 − 5211 − 5021 

Boundary 
End 4    

¡5161 ¡4971 ¡5215 ¡4647  
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Table 5 
Number and proportion of the total raw material groups identified and unidentified in each assemblage: MP = raw material quality groups; G = outcrops group as 
geological formation.  

GROUP MP (Quality groups) ME SAU LM ECN 

Flint  n % n % n % n % 

G1 MP1; MP6 1 0.48 0 0.00 0 0.00 12 8.89 
G2 MP2, MP13 44 21.26 243 46.11 79 59.40 37 27.41 
G3 MP3, MP5, MP8, MP12 8 3.86 76 14.42 39 29.32 39 28.89 
G4 MP4, MP14 35 16.91 45 8.54 9 6.77 6 4.44 
G5 MP10 0 0.00 5 0.95 0 0.00 2 1.48 
G6 MP7 1 0.48 1 0.19 0 0.00 1 0.74 
G7 MP16, MP6T 27 13.04 31 5.88 0 0.00 0 0.00   

116 56.04 401 76.09 127 95.49 97 71.85 

Chert          
G9 MP9,MP11,MP15,MP17 1 0.48 6 1.14 0 0.00 2 1.48 

Thermal Alterations + Indet. 
G10 MP1T,MP5T,MP7T 2  9  3  11  
G11 MP2T 0  0  0  2  
G12 MP4T 0  1  0  0  
G13 MP3T 2  1  0  6  
G0 MP0 86  109  3  17  

G. Indet  90 43.48 120 22.77 6 4.51 36 26.67 

TOTAL 207 100.00 527 100.00 133 100.00 135 100.00  

Fig. 5. Regional geological map with carbonated lacustrine flint primary outcrops (TC-FTL-MN, yellow) and the different geological formations of evaporitic 
lacustrine primary outcrops and optimal limestone formations near Cova del Vidre: Fm. Torrent de Cinca – Fm. Fatarella-Fm. Montmaneu (TC-FTL-MN); Ud. Horta de 
Sant Joan - Cm. Ulldemolins - Fm.Valldeperes (HSJ-ULL-VLP); Fm. Sant Blai (SBL); Fm. Bovalar and Talaies (BVL-TAL); Fm. Vilelles and Bassetes (VLL-BST); Fm 
Miravet, Molar and Gallicant (Kpr); Fm Brull, Olesa and Vilella Baixa (Minf); Fm. Colldejou and Benifallet (Msup). Topographic base: ICGC; Database modified from 
ICGC; data location extracted from Ortega et al., 2016. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of 
this article.) 
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secondary outcrops at shorter distances (G3 and G4). Formations such as 
Fm. Sant Blai (G5) and Fm. Bovalar-Talaies lie within entirely local radii 
(<10 km). One material group (G1) remains unidentified in terms of its 
origin; characterized by high-quality blonde flint not attributable, now, 
to the Bedoulian flint (Molist et al., 2016), it might possibly be consid-
ered an exogenous material (>100 km). Additionally, G7 is an unde-
termined evaporitic material, which could be obtained locally or supra- 
regionally and exhibits a high proportion of rolled cortex. 

4.2.2. Technology 

4.2.2.1. Microlaminar Epipaleolithic technology. The Microlaminar Epi-
paleolithic assemblage entails a predominance of laminar reduction 
(over 55 %, Table 2: ME assemblage) and a significant microlaminar 
index (48.45 %), the latter primarily falling within the 8–10 mm width 
range (Fig. 6: ME assemblage). The metric data for width, excluding 
modified pieces (backed pieces, burins, and perforators that involve 
complete uni/bilateral modifications) is established by mean width 
values of 12.85 ± 5.37 mm (n = 97, see Table 3 supplementary material: 

ME assemblage). In addition, 22 complete products (22.68 %) are 
identified, with mean measurements of 38.40 mm in length, 14.63 mm 
in width, and 6 mm in thickness (see Table 2 supplementary material: 
ME assemblage). 

On the other hand, we identified the raw material quality groups for 
49 laminar blanks (Fig. 7: ME assemblage; see Table 4 supplementary 
material: ME assemblage), which samples larger than 10 objects show 
lower means for MP2 (12.07 ± 5.04 mm), followed by MP4 (13.37 ±
5.15 mm) and MP16 (14.93 ± 7.36 mm). The other material quality 
groups among the blades are scarcely represented (MP9, MP5, MP12 and 
MP13). 

In contrast, the flakes account for less than 50 % of blanks and are 
associated with mean lengths of complete pieces of 28.44 ± 12.93 mm 
and 21.62 ± 10.17 mm width. For the fragmented pieces are less, 
characterized by mean lengths of 18.9 ± 7.12 and mean widths of 16.8 
± 6.7 (Fig. 8: ME assemblage). 

Any direct evidence of elements associated with this type of pro-
duction are observed, except for a single example consistent with 
laminar reduction (Fig. 9: ME assemblage). This is represented by 

Table 6 
Distribution of cortex and rolled cortex according to raw material quality groups (MP) and outcrop association groups (G) for each assemblage (Ctx. = Total Cortical 
pieces; Rd. Ctx. = Rolled cortical pieces).  

Raw material 
groups 

Raw material 
quality groups 

ME SAU LM ECN 

n 
(Ctx.) 

n (Rd. 
Ctx.) 

% (Rd. 
Ctx.) 

n 
(Ctx.) 

n (Rd. 
Ctx.) 

% (Rd. 
Ctx.) 

n 
(Ctx.) 

n (Rd. 
Ctx.) 

% (Rd. 
Ctx.) 

n 
(Ctx.) 

n (Rd. 
Ctx.) 

% (Rd. 
Ctx.) 

G1 MP1; MP6 0 0 0 0 0 0 0 0 0 2 0 0 
G2 MP2, MP13 13 9 69.23 73 57 78.08 27 16 59.26 11 4 36.36 
G3 MP3, MP5, MP8, 

MP12 
1 1 100 16 11 68.8 11 6 54.55 1 0 0 

G4 MP4, MP14 8 6 75 17 9 52.94 1 0 0 2 0 0 
G5 MP10 0 0 0 1 0 0 0 0 0 0 0 0 
G6 MP7 0 0 0 0 0 0 0 0 0 0 0 0 
G7 MP16,MP6T 9 7 77.78 8 5 62.5 0 0 0 0 0 0 

TOTAL 31 23  115 82  39 22  16 4   

Fig. 6. Stacked bar plot of absolute frequency of blades width values. The metric criteria defining microblade blanks (from different authors) are marked with a 
dashed line. 
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bidirectional prismatic core (36.5 × 19 × 15.5 mm) with partial blade 
and microblade production, featuring morphological reconfigurations 
through flaking, including a partial lateral crest, where both platforms 
are flat. 

Due to the lack of a consistent sample of cores, the categorization and 
counting of objects with technological features (Table 7: ME assem-
blage) indicate items associated with laminar cores. It includes laminar 
flakes (30.77 %), some modified through retouch (n = 7), and the 
presence of ridges on laminar blanks (n = 5) and on flakes (n = 1). 

The decortication evidence of the core is present according to 7 
entirely cortical pieces (dorsal surfaces), mostly laminar (only one 
flake), belonging to materials MP3T, MP2, and MP16 (n = 2) and with 
the remaining three on unidentified flint (MP0). 

4.2.2.2. Sauveterrian technology. The Sauveterrian assemblage is char-
acterized by a predominance of flaking (58.82 %, Table 2: SAU assem-
blage), with average lengths of 19.2 ± 8.9 mm and widths of 15.9 ± 6.1 
mm for complete items. For fragmented pieces, the lengths have an 
average of 19.96 ± 8.21 mm and widths of 17.01 ± 6.98 mm (Fig. 8: 
SAU assemblage). 

Laminar production accounts for less than 39 % (n = 205) in this 
case, characterized by blades with an average width of 11.54 ± 3.95 mm 
(excluding previous morphotypes, n = 173, see Table 3 supplementary 
material: SAU assemblage) and a high presence of bladelets (58.95 %), 

with the highest metric concentration between 10 and 12 mm in width 
(Fig. 6: SAU assemblage). Complete laminar pieces represent 17.34 %, 
with average lengths of 31.10 mm, widths of 12.28 mm, and thicknesses 
of 5.31 mm (see Table 2 supplementary material: SAU assemblage). 

Within the total blades, the raw material quality groups have been 
identified in 131 objects (Fig. 7: SAU assemblage). Groupings on these 
objects allow observing the predominance of MP2 remains consistent 
with microblade standards (11 ± 3.59 mm), as well as MP13 (10.47 ±
2.8 mm) and MP12 (10.44 ± 3.75 mm), but not MP4 (13.1 ± 4.95 mm) 
and MP6T (13.05 ± 3.33 mm), and MP5 (16.1 ± 2.35 mm) with low 
representation (see Table 4 supplementary material: SAU assemblage). 

The direct presence of cores accounts for 2.28 % of the supports in 
the assemblage, and all material groups associated with them have been 
identified (Fig. 9: SAU assemblage). Three different morphologies have 
been defined: globular cores (n = 4) with enveloping flaking exploita-
tion and very small sizes (MP2, MP4 and MP5), including one core with 
bladelet and flake production reutilized as a percussion tool (MP13). 
Pyramid cores (n = 2), one bidirectional (MP13) and one unidirectional 
(MP2), correspond to blade and microblade enveloping debitage with 
similar sizes. Discoid cores (n = 4) are characterized by three centripetal 
(two MP2 and one MP4) and one bidirectional configuration (MP2), 
three of them with microblade extractions with enveloping or semi- 
enveloping exploitation. The last discoid centripetal core was 
employed in flaking production. Finally, one core with irregular 

Fig. 7. Boxplots showing blade width related to raw material quality groups identified in each assemblage.  
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Fig. 8. Violin plots of Length (L) and Width (W) values of complete/fragmented flakes in each assemblage. It shows the Kernel probability distribution: wider 
sections represent a higher probability and skinnier sections have a lower probability on Length and Width values. It has added in grey the boxplot for each 
violin plot. 
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Fig. 9. Cores and indirect technological attributes defining knapping strategies identified in each assemblage ME (A), SAU (B), LM (C) and ECN (D): Prismatic 
bidirectional core with blade and microblade production (A); Core preform of G2 material with rolled cortex (B top); Pyramidal core with unidirectional blade 
production with prepared platform (B bottom-left); Globular core in configuration process: unfaceted with unidirectional microblade extraction and unifacetted flake 
extractions in opposite surfaces, enveloped exploitation (B bottom-right); Reconfiguration tablet (knapping platform), lamellar flake and crested blade (C); Core with 
in-process configuration pyramidal morphology, unidirectional blade production with smooth platform and partial lateral crest (D). Drawing by J. Bosch and 
I. Gironès. 
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morphology and unknown configuration (MP2), probably linked to an 
earlier stage of core shaping, only shows negatives of two products (a 
flake and a blade). The measurements of these cores indicate reduction 
and amortization to a small size: averages of 28.7 ± 5.23 mm (length) 
and 24.5 ± 5.4 mm (width), often due to knapping errors associated 
with the multiple technical actions (core fractures, hinge marks, plat-
form angles greater than 90◦). Platform preparation is present in four of 
these cores: a bidirectional core has one prepared platform and one flat 
platform, another globular core has one flat platform, and the remaining 
cores lack platform preparation, including one core without platform, 
directly cortical in the process of shaping. 

These productions complement some technological features 
(Table 7: SAU assemblage). The presence of crests, predominantly on 
blades (n = 12), most of them are maintained on the established 
microlaminar metric (n = 10) without any modification through 
retouching. In addition to the laminar production, there is a notable 
presence of bladelets (19.68 %), some retouched (n = 19). 

Cortical pieces are present for both types of supports, both in blades 
(n = 14) and on bladelets (n = 4), with predominantly microlaminar 
attributes within the latter (n = 3). The identified material groups 
correspond to MP2 (n = 2), MP13 (n = 5), MP14 (n = 1), MP5T (n = 1), 
and MP6T (n = 1), while the rest are unidentified. Additionally, a piece 
of core tablet rejuvenation is documented. 

The microburins (n = 17) indicate the presence of geometric pro-
duction, two of which belong to trihedral points, made on proximal (n =
7), medial (n = 4), and distal (n = 6) parts, predominantly on micro-
laminar supports (n = 14), and on identified materials belonging to MP2 
(n = 6), MP12 (n = 1), MP13 (n = 3), MP4 (n = 1), and MP10 (n = 1). 

Other types of knapping waste have been detected in three pieces, 
including the burin spalls defined by two small and thin bladelet. 
Technologically, there is also a completely overshot blade that includes 
partially the lower part of the blade production core at its distal end. 
Whatever the cause (accidental or technological), there is a thermal pot- 
lid (flake) detachment due to thermal overshot. 

4.2.2.3. Late Mesolithic technology. The Late Mesolithic assemblage is 
characterized by flake production (72.18 %, Table 2: LM assemblage), 
with complete pieces averaging 19.36 ± 6.7 mm in length and 15.41 ±
6.23 mm in width. In the case of fragmented elements, lengths tend to 
average 17.11 ± 6.13 mm, and widths 15.77 ± 5.48 mm (Fig. 8: LM 
assemblage). 

Laminar production is lower (27.82 %, n = 37), with an average 
width of 11.33 ± 2.98 mm (n = 33, see Table 3 supplementary material: 
LM assemblage), denoting a high proportion of bladelets (66.66 %) 
mostly ranging between 8 and 10 mm in width (Fig. 6: LM assemblage). 

Some blades are preserved complete (27.02 %) with average lengths of 
24.55 mm, widths of 10.35 mm, and thickness of 4.15 mm (see Table 2 
supplementary material: LM assemblage). Within all laminar blanks, 
raw material quality has identified 31 elements with metric values that 
tend towards microlaminar productions (Fig. 7: LM assemblage). It can 
be observed in MP13 (10.9 ± 2.45 mm), MP2 (10.05 ± 2.35 mm), and 
MP12 (10.33 ± 2.6 mm), with the remaining materials being less sig-
nificant (see Table 4 supplementary material: LM assemblage). 

In this assemblage, there is a complete absence of cores. To 
compensate, we observe certain technological features that evoke 
generic flint-knapping strategies (Table 7 and Fig. 9: LM assemblage). 
Among these, elements belonging to blade production stand out, such as 
blade flakes (n = 16), a few modified with retouch (n = 3) and belonging 
to MP2 (n = 5), MP4 (n = 2), MP12 (n = 4), and MP13 (n = 5). Addi-
tionally, crests on blades (MP2 and MP13) add more information about 
this type of knapping strategy. 

Remains of tool configurations are present, although they are scarce. 
These include cortical pieces indicating core preparation, all on blades 
and belonging to different material groups (MP2, MP5, MP12, and 
MP13), a core tablet, and a burin spall remnant. 

It is worth noting the presence of the microburin technique, with six 
total pieces, two of which belong to tridirectional points. All of them 
were divided into proximal (n = 4), medial, and distal parts (n = 1 each), 
metrically in line with microlaminar pieces (n = 3) and on materials 
MP2 (n = 2), MP12 (n = 1), and MP13 (n = 3). 

4.2.2.4. Early Cardial Neolithic technology. The assemblage from the 
most recent phase maintains a slight predominance of flake production 
(54.81 %, Table 2: ECN assemblage) with mean lengths of 18.8 ± 6 mm 
and widths of 16.38 ± 5.35 mm for complete pieces, and 19.25 ± 5.61 
mm in length and 16.97 ± 5.52 mm in width for fragmented pieces 
(Fig. 8: ECN assemblage). 

In this context, blade production is notable (44.44 %) with 60 arti-
facts and mean widths of 10.37 ± 2.67 mm, excluding those previously 
excluded due to edge modification (n = 56, see Table 3 supplementary 
material: ECN assemblage). Microlaminar production gains importance 
within the total blade assemblage (58.92 %), predominantly ranging 
between 8 and 10 mm in width (Fig. 6: ECN assemblage). 

The preservation of complete blade pieces is scarce (10.76 %), with 
mean lengths of 28.58 mm, widths of 10.16 mm, and thicknesses of 3.08 
mm (see Table 2 supplementary material: ECN assemblage). 

The raw material has been identified for 39 blade artifacts (see 
Table 4 supplementary material: ECN assemblage). The largest sample 
corresponds to MP2 with a mean of 12.5 ± 1.89 mm, scarce samples for 
MP5 (11.25 ± 2.53 mm) and exclusively microblade products such as 

Table 7 
Number and percentage blanks with technological traits in each assemblage.  

Blanks ME SAU LM ECN 

n % n % n % n % 

Flakes 91 44.17 310 60.19 96 72.18 74 55.22 
Primary Flakes 59 64.84 232 74.84 68 70.83 62 83.78 
Crested Flakes 1 1.10 1 0.32 0 0 0 0 
Lamellar Flakes 28 30.77 61 19.68 16 16.67 7 9.46 
Cortical Flakes 3 3.30 14 4.52 10 10.42 5 6.76 

Core tablets 0 0 1 0.32 1 1.04 0 0 
Burin spalls 0 0 0 0 1 1.04 0 0 

Thermal Pot-lid (flake) 0 0 1 0.32 0 0 0 0 
Blades/Bladelets 115 55.83 205 39.81 37 27.82 60 44.78 

Primary blades 106 92.17 168 81.95 28 75.68 55 91.67 
Crested blades 5 4.35 12 5.85 3 8.11 1 1.67 
Cortical blades 4 3.48 5 2.44 0 0 3 5 

Burin spalls 0 0 2 0.98 0 0 0 0 
Overshot blades 0 0 1 0.49 0 0 0 0 

Microburins 0 0 17 8.29 6 16.22 1 1.67 

TOTAL 206 100 515 100 133 100 134 100  
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MP1 (9.75 ± 1.89 mm) and MP8 (9 ± 0 mm), while the remaining 
materials are less represented. 

Only one core has been identified in this assemblage (Fig. 9: ECN 
assemblage) defined by a globular core (33 x 36 x 29 mm) with flake 
extractions for morphological reconditioning and unifacial blade pro-
duction with a flat platform. 

The remaining elements with technological features (Table 7: ECN 
assemblage) continue with the dynamics of crafting lamellar flakes (n =
7) from different materials (two pieces of MP2 and one each of MP8, 
MP5, and MP10, respectively, with the rest unidentified) and the pres-
ence of a single crest on blade (MP6). 

The presence of cortical pieces linked to materials MP6 (n = 3), MP2 
(n = 2), and MP4 (n = 1), three on blades and five on flakes, is also 
noted. 

Finally, we have only one microburin on the proximal part of a 
bladelet (11 mm width) made of material MP2. 

4.3. Modified products 

Morphological modification through retouching accounts for 31.83 
% of the total artifacts, of which 56.42 % is observed on blades and 
43.58 % on flakes, with some proportional and typological variability in 
the assemblages (Table 8 and Fig. 10). The proportions and combina-
tions of retouch angles in each assemblage are specified in the supple-
mentary table (see Table 5 supplementary material). Abrupt retouch 
(>50 %) predominates in all four assemblages, with a relatively lower 
proportion in ECN assemblage (<45 %), which shows a higher propor-
tion of simple retouching and simple-abrupt combination retouching 
(both around 20–25 %). 

4.3.1. Microlaminar Epipaleolithic tools 
The retouched lithic assemblage from the Microlaminar Epi-

paleolithic levels (Interior-2, C5) consists of 53 artifacts, representing 
25.6 % of the total assemblage. 

The characteristic and predominant tools in the retouched assem-
blage are backed blades (maximum width 11.5 mm, with a predomi-
nance of 4–8 mm). Backed points on bladelets (n = 8) are remarkable, 
with both straight and curved backed edges, adding semi-oblique 
retouch on one or both ends. There are also two examples of oblique 
truncation. Due to the fracturing of these tools (four medial, six distal, 
and one proximal), only their generic categorization is possible, with 
only four complete pieces available. 

The quantitatively significant modified products include endscrapers 
on both flakes and blades, showing abrupt or semi-abrupt retouch 
resulting in convex (n = 4 in each blank type) or concave fronts. The 
retouch can be either straight or sinuous, depending on the depth of 
potential wear from use (n = 1 in each case). There are also denticulates 
with marginal retouch (n = 7), including one with deep retouch, and 
three combined with isolated notches. Additionally, there are notches on 
blade (n = 4) and flake (n = 4) blanks, some of which are found on 
lamellar flakes and one on a cortical blade. Isolated notches are present 
on both flakes (n = 2) and blades (n = 3). There are also truncations on 
blades, and one on a bladelet, characterized by deep retouching and 
some very marginal retouch, resulting in various delineations of their 
ends (convex, straight, sinuous, or concave). 

The remaining tools include a short-pointed perforator, an ́ecaillé (or 
splintered) piece on a flake, a partially retouched flake with abrupt 
retouch, two partially retouched blades with simple retouch, and two 
cutting tools corresponding to a blade with truncation and lateral 
denticulate retouch. 

4.3.2. Sauveterrian tools 
The assemblage from Sauveterrian levels corresponds to 169 modi-

fied artifacts (32.06 %), 74 on flakes (43.78 %) and 95 on blades (56.21 
%). 

There is a noticeable change in morphotypes regarding typological 

proportions and the emergence of geometric forms in these levels. 
Backed blades and bladelets persist but in lower proportions compared 
to the previous assemblage. They are characterized by high fragmenta-
tion, with only one complete element, and the majority follow a 
microblade character (n = 17). Notably, there are a couple of backed 
points with distal points, one with an oblique truncation attached to the 
backed edge. Geometric forms are only sparsely present in this phase, 
with only one pygmy-sized segment (13 × 4 × 2 mm). However, com-
plementary microburins to these productions appear, some with addi-
tional lateral retouch (n = 2), due to either later use or the reuse of the 
blade tool. 

The rest of the modified pieces predominantly consist of denticulates 
on flakes (n = 24) and blades (n = 13), whether marginal or highly 
marginal compared to deep denticulations (n = 21 and 11, respectively), 
some combined with isolated notches (n = 4). Isolated notches (without 
denticulation) are produced exclusively on blades, some with lateral 
retouch interrupted by the notch (n = 1), or together with the presence 
of pseudo-retouch or micro-denticulations (n = 2). Other tools, such as 
endscrapers, display full convexity on their active edges. They appear on 
both flakes (n = 11) and blades (n = 7); in this latter case two tools 
possess a double edge (proximal–distal). Truncations are configured on 
blades (n = 11) and rarely on flakes (n = 2), some with partial trunca-
tions and one bitruncated blade, many of them showing lateral pseudo- 
retouches. The remaining tools are scarce but varied, including blade 
burins (one on a flake), a perforator on a flake (short tip), a sidescraper 
with simple marginal retouch, two blades with marginal retouch 
(bilateral and unilateral), and three écaillé pieces, one simple and the 
other two with flat retouch on flakes. 

The assemblage reveals a series of tool reconfigurations (on blades, n 
= 12, and some small bladelets, n = 4), some corresponding to the 
rejuvenation of lateral edges (backed blades/denticulates, backed 
truncated blades, and notched truncations), as well as possible changes 
in the functionality of the tool itself (endscraper/denticulate and burin/ 
notch). The remaining tools consist of simple partial retouches on pri-
mary blades and flakes. 

4.3.3. Late Mesolithic tools 
The modified tools in this phase represent 30.82 % of the assem-

blage, predominantly made on flakes (n = 24) rather than blades (n =
17). This time, there is a considerable decrease in the presence of pro-
jectile point production, and less specialized tools tend to be more 
representative. 

The geometric characteristic is defined by an isosceles triangle with 
abrupt retouch (20 × 7 × 2 mm) and trapezoidal cross-section. It is 
complemented by the presence of six microburins (one medial and two 
proximal parts), one of which has complementary lateral retouch, as 
well as the presence of a notched configuration for blade fracture. Only 
one backed element is formed on a small blade (8.5 mm wide), preser-
ving the medial part. 

The rudimentary tools that predominate again are denticulates, 
notches, and endscrapers in equal proportions. Denticulates are mostly 
found on flakes (n = 4) and only one on a blade, with marginal den-
ticulations on thin flakes (<8mm thickness) and a deep one on a thick 
flake. Isolated notches are found on both blades (n = 3) and flakes (n =
2). Burins are made on both blank types (three each), while other pro-
ductions are exclusive to flakes. These include endscrapers (including 
three lamellar flakes), maintaining convex edges, except for one that is 
sinuous. Some combined morphotypes may indicate modification for 
passive and active use (truncate/notch) or for reuse (denticulate/ 
opposite lateral retouch). Others are exclusively configured on blades, 
such as truncations, preferably oblique, although they are poorly 
represented. 

4.3.4. Early Cardial Neolithic tools 
The proportion of tools in the most recent phase represents 44.44 % 

of the total assemblage, predominantly on blades (n = 35) rather than on 
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Table 8 
Number and percentage of morpho-techno-typological categories in each assemblage.  

Morphologic and Typometric Categories ME SAU LM ECN 

n % n % n % n % 

Geometric microlith 0 0.00 1 0.59 1 2.44 5 8.33 
Trapeze 0  0  0  2  
Segment 0  1  0  3  
Triangle 0  0  1  0  

Backed blades/bladelets 17 32.08 19 11.24 1 2.44 2 3.33 
Straight backed 13  13  1  2  
Arched backed 4  4  0  0  

SB/AB 0  2  0  0  

Perforators 1 1.89 1 0.59 0 0.00 0 0.00 
Generic 1  0  0  0  
Spike 0  1  0  0  

Endscrapers 11 20.75 18 10.65 5 12.20 3 5.00 
Thin flake endscraper (<8 mm thickness) 5  6  4  3  

Coarse flake endscraper (>8 mm thickness) 2  5  1  0  
Retouched blade endscraper 4  7  0  0  

Side scrapers 0 0.00 1 0.59 0 0.00 0 0.00 
Side scraper with marginal retouch 0  1  0  0  

Truncations 4 7.55 13 7.69 3 7.32 5 8.33 
Normal truncation 2  1  0  1  

Partial Normal truncation 0  3  1  2  
Oblique truncation 2  5  2  2  

Partial Oblique truncation 0  3  0  0  
Normal Bitruncation 0  1  0  0  

Denticulates 9 16.98 37 21.89 5 12.20 21 35.00 
Marginal-very marginal denticulation 4  21  4  11  

Marginal/Deep denticulation 0  1  0  2  
Marginal denticulation/Simple notch 2  0  0  1  

Marginal denticulation/Retouched notch 1  3  0  1  
Deep denticulation 2  11  1  5  

Deep bilateral denticulation 0  1  0  0  
Deep/Marginal denticulation/Simple notch 0  0  0  1  

Notches 5 9.43 18 10.65 5 12.20 8 13.33 
Simple Notch 1  3  0  1  

Simple bilateral notch 0  0  1  0  
Retouched Notch 4  12  4  5  

Retouched bilateral Notch 0  3  0  1  
Retouched Notch/Simple Notch 0  0  0  1  

Splintered pieces (Écaillé) 1 1.89 3 1.78 0 0.00 0 0.00 
Retouch in extreme 0  1  0  0  
Retouch in lateral 1  2  0  0  

Burins 0 0.00 6 3.55 6 14.63 2 3.33 
Angle burin 0  3  1  2  

Burin blow (generic) 0  2  4  0  
Double angle burin 0  1  0  0  

Double burin: angle and burin blow 0  0  1  0  

Microburins 0 0.00 17 10.06 6 14.63 1 1.67 
Simple Notch 0  5  4  1  

Retouched notch 0  12  2  0  

Blades with marginal retouch 0 0.00 2 1.18 0 0.00 6 10.00 
Unilateral retouch 0  0  0  4  
Bilateral retouch 0  2  0  2  

Retouched flakes 1 1.89 18 10.65 7 17.07 1 1.67 
Thin flake (<8mm thickness) 1  16  5  1  

Coarse flake (>8mm thickness) 0  2  2  0  

Retouched blades 2 3.77 1 0.59 0 0.00 0 0.00 
Unilateral 2  0  0  0  

Distal 0  1  0  0  

Composite tools 2 3.77 14 8.28 2 4.88 6 10.00 
Endscraper/Denticulate 0  1  0  0  
Truncation/Denticulate 1  3  0  2  

Truncation/Notch 0  1  1  0  
Retouched flake/Burin 0  1  0  0  

Backed blade/Denticulate 0  1  0  1  
Backed blade/Truncation 0  6  0  1  

Burin/Notch 0  1  0  0  

(continued on next page) 
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flakes (n = 25). 
This time, the proportion of geometric microliths increases, corre-

sponding to three segments with double bevel retouch and two trape-
zoids. One trapezoid has a retouch in the shorter base and a convex side, 
while the other has two concave sides. Both are created through abrupt 
retouching on both fractures, losing their microblade character (width 
9.5–14 mm). It is worth noting the presence of one microburin and 
backed pieces, so scarcely detected in the previous assemblage. 

Notches and denticulates predominate again, configured on both 
blades (n = 13) and flakes (n = 16). Denticulate pieces appear as mar-
ginal/very marginal (6 blades, 4 small blades, and 11 flakes), while 
notches are found on both blank types (5 flakes and 3 blades). They are 
made on the lateral edge, with one being bilateral and the other distal 
parts. Scrapers are less well represented, all on thin flakes with convex 
fronts, some of which have traces of ochre on the front. Reserved for 
flake productions, there is a simply retouched flake and two burins with 
a double burin blow (lateral angle). The remaining tools on blades 
include truncations (three on small blades), normal or oblique, all with 
straight edges, some with micro-retouches, and non-systematic lateral 
notches. There are also blades with marginal retouching, including 
simple unilateral and bilateral retouches. Finally, the composite tools 
include longitudinal cutting tools and possible modifications for hafting 
(Notch/Denticulate/Burin, Truncation/Denticulate, Truncation/Backed 
Blade), Backed Blade/Denticulate), and an object transformed into a 
burin (Scraper-burin) as a recycled tool. 

5. Discussion 

5.1. Variability of Cova del Vidre lithic assemblages 

5.1.1. Sample and representativity considerations 
Some general aspects that we must consider relate to issues regarding 

the representativeness of the analyzed sample. The first consideration is 
spatial and stratigraphic, as the representativeness of the recovered 
material is partial according to the extent of the excavated area related 
to the complete stratigraphy that may be present, along with the pos-
sibility of post-depositional or erosive disturbances that have not 
allowed the reliable inclusion of certain levels (EII, EIII, B1, and B2). The 
second pertains to assemblage preservation, including the high fracture 
index of the artifacts (>60 % in each assemblage) and the high tendency 
for thermal alterations, which hinder identification of the raw materials. 

5.1.2. Raw material determination 
The exploited raw material, predominantly flint, varies in the four 

phases but continuous parity exists between flint from carbonated 
lacustrine formations (medium–high quality) and evaporitic outcrops 
(medium–low quality). Some higher qualities of the latter seem to be 
selected and destined for blade and microblade production. Regarding 
the unknown origin of a specific material group, the blonde flint (G1), it 
has been detected at certain occupations in the Central-Southern 
Neolithic Ia, as in Abrigo de Falguera, Cova de l’Or, Cova de la Sarsa 
(Juan-Cabanilles, 1984; Asquerino et al., 1998; García-Puchol, 2005), 
and Cova de les Cendres (Bernabeu & Molina, 2009), among others. 
Moreover, an artifact in this material in the first occupation at Cova del 
Vidre would not be incongruous, as it has been documented in Early 

Holocene sites such as Tossal de la Roca (Cacho, 1990; Cacho et al., 
1995), or even chronologically earlier in the Upper Paleolithic levels of 
Cova de les Cendres (Villaverde et al., 1999). 

Outside this type of material of unknown geological formation and 
unknown radius of distance, the procurement of the raw materials in 
Cova del Vidre was generally local, combining nearby secondary out-
crops in river valleys for both evaporitic and carbonated materials (<25 
km), primary outcrops (<50 km), and some exogenous materials (G1, 
>100 km). A more detailed petrological and geochemical analysis could 
provide an in-depth understanding of the management, transformation, 
and circulation of these materials and their variability in each phase of 
occupation. 

5.1.3. Technological variability and its relationship with raw material 
quality 

There are several points to consider when comparing technological 
aspects among assemblages. Flake production dominates all analyzed 
assemblages except for ME, where laminar blanks prevail. 

The larger flake productions are observed in the ME assemblage, 
means with 4–5 mm more in both length and width for the complete 
pieces. However, the fragmented pieces show less variability and are 
more similar among the four assemblages. 

These data indicate the intense production following the small core 
sizes mentioned above. However, we can only define this pattern with 
certainty for SAU assemblage, as it is the only one with a quantitatively 
analysable sample of cores, albeit weakly represented. 

According to the metric variables of length and width of the blanks 
(flakes and blades) and the application of statistical tests, we define H0 
as the homogeneity of values between assemblages. This hypothesis 
would expose the similarity of measurements of the exploited cores and/ 
or nodules, as the implemented knapping strategies. By contrast, we 
suggest H1 as the metric heterogeneity of these supports, which would 
indicate the existence of variability between assemblages. This could be 
associate to external factors and aspects, such as the type of material 
exploited in each assemblage, the different measurements of the 
exploited nodules and/or cores, and responding to different imple-
mented knapping strategies. 

Regarding this, the metric variability of the flake productions, the 
complete flakes from all assemblages (n = 181) show non-normal data 
distributions for both length (p-value = < 0.001) and width (p-value =
< 0.001). Concerning the length data, we have the acceptance of H1 
(Kruskal-Wallis: p-value = 0.002792), and Dunn’s test confirms the 
significance between the metrics of the ME and LM assemblages (p-value 
adj. = 0.0426) and the ME and SAU assemblages (p-value adj. =
0.00123). In this, it seems that ME assemblage flake length values tend 
to have a higher dispersion of data, mean and metric values than LM and 
SAU assemblages. For width measurements, H1 is also accepeted (H1, p- 
value = 0.03657), but the significance is only between the ME and LM 
assemblages (p-value. adj. = 0.0382), indicated also for the higher width 
values in ME assemblage confronting to LM assemblage. 

Confirmed the normal distribution of their residuals (Shapiro-Wilk p- 
value: ME = 0.6371; SAU = 0.6371; LM = 0.2727; ECN = 0.28), a 
Simple Linear Regression of the width and length values of flakes in each 
assemblage provides a more precise understanding of the behaviour of 
these data. Two of the assemblages do not meet homoscedasticity: the 

Table 8 (continued ) 

Morphologic and Typometric Categories ME SAU LM ECN 

n % n % n % n % 

Endscraper/Burin 0  0  0  1  
Denticulate/Burin 0  0  0  1  

Retouched flake/Denticulate 0  0  1  0  
Truncation/Denticulate/Blade with marginal ret. 1  0  0  0  

TOTAL 53 100 169 100 41 100 60 100  
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Fig. 10. Representative lithic techno-types in each assemblage (left to right/top–bottom): Endscrapers, backed bladelets and backed points (ME assemblage); Backed 
bladelets, backed points, denticulate blades, pygmy segment with abrupt retouch and microburins (SAU assemblage); Microburins and isosceles triangle with abrupt 
retouch (LM assemblage); Denticulate blades, geometric microliths (double-beveled retouch segments and abrupt retouch trapezes) and microburin (ECN assem-
blage). Drawings by J. Bosch. 
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ME assemblage (p-value = 0.032) and the SAU assemblage (p-value = <

0.001). The dispersion of the data in these two assemblages suggests that 
both regression models may be ineffective. In the other assemblages 
although the Simple Linear Regression models, explain less than 60 % of 
the data (ME = 56 %; SAU = 36 %; LM = 32 %; ECN = 6 %) there is, in 
general, an acceptance of a relationship between both variables with p- 
value < 0.05 and correlation strength of 0.95 (ME), 0.88 (SAU), and 0.61 
(LM), except for the ECN set with p-value > 0.05 and weak correlation 
strength (0.27). 

These data indicate metric homogeneity for complete flakes, 
remaining consistent in the ECN assemblage concerning ME, SAU, and 
LM. It reinforces the existing trend toward small-sized productions 
throughout the phases. The most notable differences in the length and 
width are observed between the ME and LM assemblages. 

Additionally, despite considering the data dispersion issues intro-
duced in the linear models and the unexplained variables, there are 
different rhythms. Length and width exhibit a positive trend, but the 
inclination is reduced over time: more pronounced in the Microlaminar 
Epipaleolithic than in the Early Cardial Neolithic (Fig. 11). However, we 
must consider the limited effectiveness of the models caused by other 
variables influencing these data (maybe raw material qualities, the 
weight of each piece, etc.), not explained in these models. These were 
not included in the analysis due to significant variability within these 
parameters and the sample-to-sample comparison between assemblages. 

Regarding laminar productions, complete products show some 
variability in their averages. The ME assemblages maintains the highest 
values for both length and width, followed by the SAU assemblages, and 
finally, similar values between LM and ECN assemblages. Generally, all 
this data decrease over time. It is also noted in the averages of blades 
(fragments and complete) also showing a temporal decrease (the highest 
values in the ME assemblages, followed by SAU, LM, and finally, ECN). 

If we apply a statistical comparison of the laminar blanks, we find 

non-normal distributions for complete blades (n = 68) in length (p- 
value = 0.01698) and width (p-value = < 0.001). On the one hand, the 
H1 is established for length blades (p-value = 0.02381) between the ME 
and LM assemblages (p. adj. = 0.0185), but, on the other hand, H0 is 
accepted for width values (p-value = 0.15). The same situation occurs 
with the width values of all blades (both fragmented and complete, n =
359, p-value = 0.13). Therefore, statistically, the metric length values of 
complete blades between ME and LM are significantly different. It is 
important to note that the length means for these assemblages are the 
highest and lowest, respectively, among the four assemblages (38.4 mm 
for the ME assemblage and 24.55 mm for the LM assemblage). However, 
this variability is not observed for widths (both complete and including 
fragmented ones). 

According to the available data, excluding scarce or singular sam-
ples, there is a tendency towards a possible selection of raw materials for 
blade and bladelet products. Some material qualities are associated with 
microblades such as MP8 (present in LM and ECN assemblages) with an 
average width of around 10 mm, MP1 (ECN), and MP12 (SAU). MP2 is 
consistently present in all four assemblages, with average widths around 
10–11 mm, although in variable proportions. It is worth noting that 
MP16 (found in ME and SAU assemblages) shows a slight increase in the 
width of blades in the later phase (B), while MP12 exhibits reduced 
width standards, indicating a greater focus on microblade reduction 
(SAU). 

The comparison between blade blanks (fragmented and complete) 
and raw material quality (MP) indicate that the raw material does not 
influence the width of blades in the ME and LM assemblages (p > 0.05 in 
both cases). However, differences are established in the SAU and ECN 
assemblages: in the former between materials MP12 and MP5 (p-value. 
adj. = 0.0376) and in the latter between materials MP2 and MP8 (p- 
value. adj. = 0.0371). In both cases, the lowest mean values are estab-
lished (MP12 in SAU and MP8 in ECN), and, by contrast, there is a trend 

Fig. 11. Simple Linear Regression model of the length and width (mm) of complete flakes for each assemblage. We can observe non-proportional ascending between 
Length and Width (R= < 0.75) and the decreasing rhythm of Width confronting Length showing between assemblages. 
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towards higher mean widths (MP5 in SAU and MP2 in ECN). 
A complementary point highlighted in this type of exploitation lies in 

the high representation of microlaminar blanks in the assemblages, even 
in the two most recent ones, exceeding 50 % of the laminar production. 
This could be attributed to exhaustive cores exploitation, although we 
have very limited samples (only acceptable number of samples in the 
SAU assemblage). However, the industry metrically indicates the 
exhaustion and amortization of cores due to maximum reduction. This 
trait is observed through the measurements of the products as well as the 
knapping errors that do not allow the continuity of core exploitation. At 
the same time, we can emphasize three possible causes that lead to these 
aspects: (1) The possible selection of materials destined for micro-
laminar production, which may be linked to a preference for specific 
attributes of the material itself that influence its quality. (2) The scarcity 
of a certain quality group of material, which, along with the possible 
existence of different levels of accessibility of these materials, techno-
logically forces the exploitation of smaller nodules than in other types of 
qualities, also depending on their origin (primary or secondary). (3) 
According to mobility patterns, easy transport of nodules marked by 
their intensive exploitation, it also seems to have these same charac-
teristics in the Neolithic phase. In this latter case, some of these aspects 
may be compatible with pastoral and hunting mobility (according to the 
geometric items available in the assemblage), considering its altitude 
(~1000 m above sea level) with short-duration occupations as an eco-
nomic and strategic complement to those carried out in the river plain. 

In these cases, we cannot firmly lean towards any of these scenarios 
(although they may also be combinable) due to issues related to both 
representativeness concerning the total analyzed assemblage (including 
unidentified MP’s) and the variability in the sample size of artifacts 
linked to MP’s. 

5.1.4. Typological changes between phases 
Tipologically, the retouched tools from the four phases maintain 

their differences according to the dynamics of neighboring occupations: 
in the ME and SAU assemblages, there is a significant predominance of 
endscrapers and backed blade elements, which together make up about 
30–40 % of the toolkits. Secondarily, there is a notable representation of 
denticulates (15–20 %) and notches (~10 %). A distinction is estab-
lished between them, introducing the first Sauveterrian geometric pro-
ductions according to the pigmy segment and the significant quantity of 
microburins (~10 % for both). 

From this point onward, the typological representation varies 
exponentially. This is particularly evident in the LM assemblage, where 
the proportions are distributed among more techno-types (burins, 
retouched flakes, notches, denticulates, endscrapers, all ranging be-
tween 12 and 17 %), along with a notable presence of microburins. 
Geometric elements stand out, along with the presence of a single geo-
metric item, contrasting with the marked decline in backed blades, 
which are almost absent. In the ECN assemblage, there is another 
notable variation, with the near disappearance of microburins (see the 
next section for discussion), the predominance of denticulates (35 %), 
and a more numerous and morphologically variable presence of geo-
metric pieces. 

5.2. Macrospatial integration of Cova del Vidre: Lithic productions and 
chronostratigraphic sequence 

Cova del Vidre gains relevance in the macro-regional framework due 
to its stratigraphic sequence and its lithic productions (Fig. 12). The 
oldest phase, based on the lithic assemblage and its radiocarbon date, is 
linked to an Epi-Magdalenian or Microlaminar Epipaleolithic (Bosch, 
2005, 2016a) with its microlaminar industries spread across cave con-
texts. Locally, nearby Cova del Clot de l’Hospital (Bosch, 2005, 2016a; 
Bosch et al., 2015) exhibits the same production traits: backed points as 
projectile elements and standardized microblade productions corre-
sponding to a single phase of occupation. 

Within the surrounding area of El Port, the nearby site of La Roureda 
(Román, 2010) predates the Microlaminar Epipaleolithic at Vidre. The 
surrounding area of Serra del Montsant also exhibits different occupa-
tions that interact with these chronologies (Abric Filador levels 9–8; 
Abric de Sant Gregori; García Argüelles et al., 2005, 2020). Other sites 
around the Tarragona coastal and pre-coastal mountain range include 
Font Voltada (Mir & Freixas, 1993), Picamoixons (García Catalán et al., 
2009), La Cativera (Morales et al., 2013b), and Molí del Salt (Asup level, 
Vaquero, 2004; García Catalán et al., 2013), as well as in the Maestrazgo 
region (Román & Domingo, 2017) with sites such as Cova dels Diablets 
(Aguilella et al., 2014), Cova dels Blaus (IVC level; Casabó, 2012), and 
Cingle de l’Aigua (level II, Villaverde et al., 2010; Román, 2010, 2011), 
all within this Late phase and exhibiting similar technological traits. 
Some of the similarities observed between the Vidre lithic assemblage 
and the ones at those sites can define generically the expansion of these 
traits, mainly associated with the predominance of backed pieces and 
endscrapers. This latter type of tool has certain techno-morphological 
similarities that indicate marked product standardization. 

The industries in Sauveterrian, although represented by only one 
geometric element reinforced by the notable presence of microburins, 
are in line in terms of both production and chronology, according to the 
new radiocarbon date, with Levels 5–6 at Filador (García-Argüelles 
et al., 2005, 2013). Characteristically, the earlier microlaminar pro-
ductions continue to be significant, and these new elements created 
using the microburin technique are incorporated for the first geometric 
pieces: abrupt segments and pygmy-sized scalene triangles, resulting 
from the same microlaminar productions and emerging from curved 
backed pieces (Román et al., 2021a, 2021b). It is important to empha-
size the superposition of levels, as there is continuity between the 
microlaminar and geometric occupations, broadly observed in the case 
of Filador (García-Argüelles et al., 2005, 2013), or at sites on the Med-
iterranean coast, such as Balma del Gai (García-Argüelles et al., 2009); 
Can Sadurní (Fullola et al., 2011), or more inland sites like Cova del 
Parco (Fullola et al., 2002; García-Argüelles & Fullola, 2006), the latter 
presenting the oldest Sauveterrian assemblages according to its radio-
carbon dates. This extension is also found on the eastern coast of the 
Iberian Peninsula, at such sites as Tossal de la Roca (Cacho et al., 1995) 
and Santa Maira (Aura et al., 2006). 

The coexistence of Microlaminar and Sauveterrian industries is 
attested at the beginning of the Holocene in various occupations in the 
region. Contemporary with Microlaminar industries during the Younger 
Dryas, as seen in Cova del Vidre or Clot de l’Hospital (Bosch et al., 2015), 
the first geometric production emerges in contexts like Can Sadurní (21 
(IVe)) (Fullola et al., 2011) and Cova del Parco (Ia2) (Fullola et al., 2002; 
García-Argüelles & Fullola, 2006), while the Microlaminar tradition 
persists into the Holocene, as seen in Cova de la Guineu (III) or Pic-
amoixons (García-Catalán et al., 2009). The coexistence and continuity 
of these different industries in various contexts are often related to 
different technical or chrono-cultural traditions that spread across the 
territory (Cava, 2004). In parallel, the complexity of the productions 
during this transition from the Younger Dryas to the beginning of the 
Boreal period has been associated with technological and economic 
variability in response to climatic discontinuities, which eventually 
stabilized with the arrival of the climatic optimum around 8000 cal. BP 
(Soto et al., 2016; Bergadà et al., 2017; Aura et al., 2011; Dalmeri et al., 
2004). These conditions directly impacted socio-economic and 
geostrategic aspects, leading to changes in human groups depending on 
the region, resulting from economic diversification at the time (Aura 
et al., 2009). This manifests as functional or seasonal variability in in-
dustries, even within the same groups (Morales et al., 2013b: 71). 

The sequence documented in 1992 is interrupted after this point due 
to the separation of the two trenches, as the detected levels do not allow 
for a sequential bridge, resulting in a hiatus of 2952 years between the 
Sauveterrian and the Late Mesolithic based on the lower and upper 
limits of their calibrated dates, respectively. This occupational inter-
ruption, and the difficulty of associating other types of tools with a 
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Notches and Denticulates Mesolithic techno-complex that may have 
experienced post-depositional movements, exclude, based on current 
evidence, the presence of such an occupation. However, they do appear 
in surrounding sites like Filador 2 (García-Argüelles et al., 2005) and 
Molí del Salt (Vaquero, 2004, 2006) in the northeastern Iberian Penin-
sula; Costalena (level d) and Plano del Pulido (level cm/cmp) in the Bajo 
Aragón region (Utrilla et al., 2009); or in a testimonial manner at Balma 
del Barranc de la Fontanella (Román & Domingo, 2021; Román et al., 
2023) in the Alto Maestrazgo region. 

When the focus is shifted to the record in the Central Sector of Cova 
del Vidre, the evidence becomes more complex. Firstly, there is a 
generalized issue in the northeastern Iberian Peninsula regarding the 
absence or less clear presence of the Late Mesolithic (c. 6800–5700 cal. 
BC). The few sites that may have occupation levels belonging to this 
chronological period present various challenges. Some have lithic pro-
ductions that cannot be linked to neighboring regional dynamics, 
despite having radiocarbon dates within this range. Examples include 
Bauma Serrat del Pont (Alcalde & Saña, 2008), Font del Ros (Martínez- 
Moreno et al., 2006; Roda et al., 2016), and Roc del Migdia (Rodríguez, 
1993; Rodríguez & Yll, 1991), while others face taphonomic issues 
related to Neolithic intrusions, such as Balma Margineda (Guilaine & 
Martzluff, 1995). Cova de Can Sadurní (Layer 20) falls within this 
timeframe (6290–6050 cal. BC, Bergadà et al., 2018), but detailed in-
formation about its lithic industry has not been published. In the south- 
western part of the region, Cova del Vidre (Bosch, 2005, 2016a) and 
Coves del Fem (Bogdanovic et al., 2017; Palomo et al., 2018; Piqué et al., 
2021) can be associated with the beginning and end of the Geometric 
Mesolithic phase, respectively. However, the lithic assemblages from 
these levels in the two sites do not exhibit the characteristics typical of 
these technocomplexes when compared to other sites of eastern Iberian 
Peninsula. The impact of the 8.2 Ka BP climatic event on human groups 
and other erosional factors, both natural and anthropogenic due to 
Neolithic settlement (Vaquero & García-Argüelles, 2009), have been the 
subject of debate about the affected populations. Additionally, a broader 
regional perspective considers the settlement dynamics of the Western 
Mediterranean and their connection to demographic gaps associated 
with the seasonal mobility of groups (González-Sampériz et al., 2009; 
Fernández-López de Pablo & Gómez-Puche, 2009; Vaquero & García- 
Argüelles, 2009; Bernabeu et al., 2018), which could be attributed to 
endogenous causes resulting in changes in social networks conditioned 
by Neolithic advancement (García-Puchol et al., 2009, 2015, 2022; 
García-Puchol & Salazar-García, 2017). The industrial characterization 
in these periods is closely related to our case study, and an extensive and 
systematic excavation that allows for a larger sample of material asso-
ciated with this phase could elucidate its industrial relationship with 
neighboring contexts and its connection to the dynamics in the north-
eastern Iberian Peninsula, as well as Bajo Aragón and Maestrazgo. In the 
latter territories, occupations between 6200 and 5700 cal. BC are rep-
resented mainly by Botiquería (level 4), and in the Central Ebro basin by 
Cabezo de la Cruz (Rodanés & Picazo, 2013), while in the Maestrazgo 
region, sites such as Mas Cremat (Gabarda, 2010) and Cingle del Mas 
Nou (Olària & García, 2020) have been identified. Recent fieldwork 
around El Port also includes Balma del Barranc de la Fontanella (Román 
& Domingo, 2021; Román et al., 2023) and Abric de la Font d’Horta 
(Román & Domingo, 2022). However, the first has post-depositional 
issues (although the Cocina-type triangle Mesolithic is identifiable) 

and the second has a transitional Mesolithic-Early Cardial Neolithic 
radiocarbon date, without pottery but with lithic attributes that can 
correspond to the Neolithic period. In the case of Cova del Vidre, within 
this chrono-cultural panorama, it could be associated with the beginning 
of Phase B proposed for the Valencian region and defined mainly by the 
occupations of Cueva de la Cocina (Pardo-Gordó et al., 2018; García- 
Puchol et al., 2023; Juan-Cabanilles et al., in press), synchronizing with 
Abric del Pontet, even though the industry is associated with the A phase 
(Mazo & Montes, 1992). Alternatively, it could be chronologically 
aligned with the B phase, as seen in Cova Fosca IA and IB (Olària & Gusi, 
1988; Llorente, 2010), Cingle del Mas Nou (Olària & García, 2020), and 
Coves del Fem (UE10) (Bogdanovic et al., 2017; Palomo et al., 2018; 
Piqué et al., 2021). However, the precise productive relationship re-
mains to be determined, although these sites are closer to the dynamics 
of the Ebro basin and northern Levant due to the presence of geometric 
elements and the reinforcement of microburin technique attributes, also 
documented in the same phases at Botiquería (2 and 4), Pontet (e), and 
Ángel 1 (8c) (Utrilla et al., 2009). Further short-lived radiocarbon dates 
are expected to shed more light on the precise position of this Mesolithic 
evidence within this framework. 

In the case of Cova del Vidre, despite the interruption in the 3-Central 
level and the approximate 710-year gap between the Mesolithic and 
Neolithic occupations, the typical continuity of geometric microliths and 
microburin technique in the latter period can be observed. 

The presence of microburins proves to be conflicting according to 
their loss or general absence in the spatial and temporal framework we 
are dealing with. This distinguishes it from southeastern sites, which 
lack such productions in their occupations, as seen in Cova de l’Or, Cova 
de la Sarsa, Cova de les Cendres, Abrigo de Falguera, and Mas d’Is 
(Bernabeu & Molina, 2009:98), bending fracture being common (Juan- 
Cabanilles & Martí-Oliver, 2017:51). Other contexts with testimonial 
presence of microburins in the Neolithic phase include the cg level of 
Plano del Pulido (Utrilla et al., 2009), but intrusions from upper levels 
are exposed, and we lack any dating information. If we move away, pre- 
pyrenean contexts in the Neolithic levels of Abrigo del Esplugón (Utrilla 
et al., 2016) also show some presence. However, they are a scarce in 
these contexts. Faced with this situation, we will wait for more similar 
contexts to appear that may contain this type of geometric remnant and 
that can confirm more rigorously whether the microburin technique 
persisted during the Early Neolithic. 

The presence of double-bevel retouch elements becomes normalized, 
particularly in segments corresponding to the second Cardial phase 
(~5240–5000 cal. BC; Oms et al., 2016), found in neighboring regions 
such as Botiquería 6 (Barandiarán, 1978; Utrilla et al., 2009) in Bajo 
Aragón, or Cova de la Font Major (Ig) (Cebrià et al., 2014) and Abric 
Xicotó (EC-3 II) (Oms et al., 2019) in the northeastern Iberian Peninsula. 
Other nearby sites also present these elements but within the range of 
the first Cardial phase (5600–5300 cal. BC), such as Abrigo de Ángel 
(2a1) (Domingo et al., 2010) or Valmayor XI-II (Rojo et al., 2015). 

6. Conclusions 

The comprehensive study of the lithic industry at Cova del Vidre, 
together with the new radiocarbon date obtained, has allowed us to 
define and include the stratified assemblages recovered by previous 
excavations within their corresponding chrono-cultural frameworks, 

Fig. 12. Maps with the sites mentioned in text distributed chronologically: 1. Cova del Vidre; 2. La Roureda; 3. Cova dels Diablets; 4. Clot de l’Hospital; 5. Molí del 
Salt; 6. Filador; 7. Font Voltada; 8. La Cativera; 9. Picamoixons; 10. Sant Gregori; 11. Cova dels Blaus; 12. Cova de la Guineu; 13. Cingle de l’Aigua; 14. Cova del 
Parco; 15. Can Sadurní; 16. Balma del Gai; 17. Santa Maira; 18. Tossal de la Roca; 19. Balma Barranc de la Fontanella; 20. Costalena; 21. Plano del Pulido; 22. Abrigo 
de Ángel; 23. Abrigo de Pontet; 24. Abric de la Font d’Horta; 25. Botiquería dels Moros; 26. Cabezo de la Cruz; 27. Cingle del Mas Nou; 28. Cova Fosca; 29. Cueva de 
la Cocina; 30. Mas Cremat; 31. Roc del Migdia; 32. Font del Ros; 33. Coves del Fem; 34. Balma Serrat del Pont; 35. Balma Margineda; 36. Abrigo del Esplugón; 37. 
Abric del Xicotó; 38. Cova de la Font Major; 39. Cova de la Sarsa; 40. Cova de les Cendres; 41. Cova de l’Or; 42. Mas d’Is; 43. Valmayor XI; 44. Abric de la Falguera. In 
the Notches and Denticulates Mesolithic map, the sites with triangular icons are the occupations mentioned with recent radiocarbon dates or taphonomic issues 
between 6800 and 5700 cal. BC. In Late Mesolithic map, we point out Cova del Vidre as Geometric phase but without linking industrial subphase; and Coves del Fem 
with indetermined lithic technocomplex but located in the Ebro basin. 
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particularly in the case of the Sauveterrian assemblage and its temporal 
ascription. 

Firstly, the heterogeneity of raw materials can be observed in both 
their acquisition and technological management, as well as in their 
intensive exploitation within the cave, indicated by the size of the lithic 
cores and the recycling of previously retouched artifacts. The presence 
of cortex on products and some cores suggests the transport of small 
natural nodules, although the possibility of transporting preformed or 
partially decorticated cores, as well as already formalized tools, is not 
excluded. Additionally, the production of the blades indicates a ten-
dency to select certain materials for microlaminar production. Overall, 
the industry follows the same dynamics as the regional and suprare-
gional technocomplexes, although the assemblage from the Late Meso-
lithic remains outside the comparative framework for now. However, it 
seems to approach the productive dynamics of the assemblages from the 
Bajo Aragón and Maestrazgo regions, rather than those in the north-
eastern Iberian Peninsula. This can be observed through the absence of 
the characteristic of the Notches and Denticulates Mesolithic macro- 
toolkit and the presence of blade production standardization, micro-
burins, and an associated geometric component. 

Secondly, the obtained radiometric date provides a reliable and ac-
curate timeframe for the Sauveterrian within the 10th millennium cal. 
BC, allowing us to locate and contextualize the lithic assemblage 
recovered stratigraphically at the site in terms of production and terri-
tory. Additionally, we have gained a comprehensive understanding of 
the temporal sequence of the entire identified occupational history of 
the cave and its associated lithic productions. The interruption of the 
chronostratigraphic sequence at certain points may be influenced by 
erosive factors associated with specific climatic events that intensified 
water circulation and sedimentary erosion (e.g., 9.2 and 8.2 ky BP 
events), which could have resulted in (I) the destruction of occupation 
levels during this period; (II) the interior space becoming uninhabitable; 
or (III) external causes related to low accessibility and/or availability of 
subsistence resources. Regardless of these potential causes, which can 
only be determined through multidisciplinary studies, the sequential 
gaps of 2952 years between levels 1-Interior and 4-Central generally 
correspond to the chrono-cultural periods of the Notches and Denticu-
lates Mesolithic and the Late Mesolithic Phase A. Additionally, there is a 
non-overlapped Neolithic occupation (710 years) without any transi-
tional links between the last hunter-gatherer groups and the early agro- 
pastoral groups. 

Future excavation work at the site, in addition to increased invest-
ment in a multidisciplinary analysis of the recovered remains and the 
integration of lithic data to other types of analysis and other materials 
(Nadal, 1998; Gibaja et al., 2018; Alcolea et al., 2022), will provide 
further insights and knowledge regarding the reconstruction of the 
occupational sequences at Cova del Vidre, the periods of abandonment, 
and the activities carried out at the site. It will also help clarify the pa-
leoclimatic and sedimentological reconstruction of the site and its 
relationship with the duration of occupation and abandonment phases. 
This line of research will enable the integration of these data with as-
pects of the lithic assemblages, revealing the expansion of geometric 
technology from the Epipaleolithic to the Early Neolithic. 
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(La Garrotxa) entre el 5480 i el 7500 cal aC, Olot, Publicacions eventuals 
d’arqueologia de la Garrotxa 8, Museu Comarcal de la Garrotxa. 

Alcolea, M., Chabal, L., Bosch-Arguilagós, J., Piqué, R., 2022. A southern refugium for 
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Bosch, J., 2001. Les ocupacions prehistòriques de caçadors-recolectors a la Cova del 
Vidre (Roquetes). Assent. Clima. Recerca 2001 (5), 9–20. 

Bosch, J., 2005. El procés de neolitització a la regió del curs inferior de l’Ebre, 
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Cacho, C., Fumanal, M.P., López, P., López, J.A., Pérez Ripoll, M., Martínez Valle, R., 
Uzquiano, P., Arnanz, A., Sánchez Marco, A., Sevilla, P., Morales, A., Roselló, E., 
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2023. Variability and Temporality of Lithic Production in Epipaleolithic to Early 
Neolithic Occupations at Cova del Vidre (Catalonia. Zenodo, Spain).  
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peninsular. SAGVNTVM 18, 49–102. 

Juan Cabanilles, J., Martí, B., 2002. Poblamiento y procesos culturales en la Península 
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paleoeconòmic i social de les poblacions prehistòriques. Societat Catalana 
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Procesos técnicos y culturales durante el Holoceno inicial en el noroeste de la 
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Nuevos datos del VI y V milenio cal BC en el llano y Prepirineo de Lleida: el Abric del 
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de El Esplugón (Billobas-Sabiñánigo, Huesca). Un ejemplo de transición Mesolítico- 
Neolítico en el Prepirineo central, in Del neolític a l’edat del bronze en el 
Mediterrani occidental: estudis en homenatge a Bernat Martí Oliver, Serie de 
Trabajos Varios, 119, 75–96. Museu de Prehistòria de València, València. [On-line 
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