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Introduction

The Middle Palaeolithic Record in the southern 
Balkans

The Balkan Peninsula is a crossroad and land bridge 
between southwestern Asia, Anatolia, and western Europe. 
As such, it has the potential to detect bio-cultural changes 
that occurred during the Pleistocene (Harvati & Roksandic, 
2016; Mihailović, 2020; Mihailović et al., 2022). Renewed 
efforts in the northern Balkans uncovered new stratified 
sites attributed to the Middle and Late Pleistocene, espe-
cially adding evidence about the start and the development 
of the Middle Palaeolithic (Alex et al., 2019; Dogandžić, 
2023; Karavanić & Banda, 2023; Mihailović, 2008, 2014; 
Mihailović & Whallon, 2017; Monnier et al., 2020; Sto-
janovski et al., 2025; Vujević & Perhoč, 2024). Similarly, 
research projects in continental and peninsular Greece 
provided new stratified sites attributed to the late Middle 
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Abstract
The Middle Palaeolithic record of the southern Balkans is largely known from open-air surface scatters that are often 
difficult or impossible to date and lack a clear stratigraphic context. In the area close to the Pindos range, only two 
sites—Theopetra cave and Asprochaliko rockshelter—yielded stratified Middle Palaeolithic deposits, while Kokkinopilos 
presents partial stratification, although artefacts from older excavations remain difficult to contextualise. Information on 
surface scatters is generally limited to typological assessments, with little insight into depositional processes or spatial 
distribution. SMR1 (Samarina, western Macedonia) represents an exceptionally large Middle Palaeolithic assemblage 
recovered from erosional patches. The site is on a terrace overlooking the Samariniotikos River located at 1517 m a.s.l. 
While most artefacts were found in a horizontal position on the surface, a few of them were embedded in the soil pro-
file, suggesting a buried context affected by recent erosion and accumulation. The assemblage includes all stages of 
lithic reduction, from core preparation to micro-debitage, reinforcing its technological coherence and Middle Palaeolithic 
attribution. Despite the absence of any direct radiometric dating, the techno-typological characteristics of SMR1 can be 
compared with some dated and undated assemblages from the Pindos range, providing valuable evidence for the Balkan 
Peninsula Middle Palaeolithic debate and Neanderthal occupation of the Pindos highlands.
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Palaeolithic (Garefalakis et al., 2018; Tourloukis et al., 
2016) and the evidence of a possible complex palaeoanthro-
pological configuration within the early Middle Palaeolithic 
of the southern Balkans (Falguères et al., 2025; Harvati et 
al., 2019; Mihailović et al., 2022). The new U/Th dates of 
the calcite on the Petralona cranium (286 ± 9 ka BP) provide 
evidence of persistence of a Homo species without Nean-
derthal or sapiens derivative traits (Falguères et al., 2025). 
This latter result is in accordance with the Mala Balanica 
human remains (238 + 33/−30  ka), while Velika Balanica 
remains (285 ± 34  ka and 295 ± 74  ka) are indicative of a 
Neanderthal-related population (Mihailović et al., 2022). 
Additionally, two crania from Apidima cave, dated to about 
170 ka and 210 ka, revealed contrasting features: while the 
younger one shows derived Neanderthal features, hence 
aligning this part of Europe with the rest of the European 
continent, the latter has morphometric features consistent 
with a Homo sapiens attribution (Harvati et al., 2019). 
Therefore, the southern Balkan Peninsula could be one of 
the areas for an early Homo sapiens dispersal, as indicated 
by gene flow (Posth et al., 2017) and new paleoanthropo-
logical evidence from the Levant (Hershkovitz et al., 2018). 
In the central part of the Balkan Peninsula, represented by 
the Pindos mountain chain running north–south, recent 
investigations contributed to the recontextualization of the 
open-air site of Kokkinopilos, a buried context dating to 
the Middle Pleistocene (Tourloukis, 2010; Tourloukis et al., 
2015). New research in Epirus and the Ionian islands have 
revealed open-air surface and reworked buried contexts 
with Middle Palaeolithic artefacts (Galanidou et al. 2016a, 
2020, 2022; Ligkovanlis 2017; Ligkovanlis et al. 2022; Lig-
kovanlis and Kourtessi-Philippakis 2022; van Wijngaarden 
et al. 2017). Furthermore, new research in southern Alba-
nia uncovered the first stratified Middle Palaeolithic arte-
facts of the country (Badino et al., 2025; Ruka et al., 2025). 
Finally, a long-term survey project, carried out jointly by 
Thessaloniki Aristotle and Venice Ca’ Foscari universities, 
identifying several findspots with Middle Palaeolithic arte-
facts in the mountain ridges and valleys around the town 
of Samarina (Grevena, Western Macedonia, Greece; Biagi 
et al., 2015, 2017, 2022; Efstratiou et al., 2006, 2011) have 
revealed an unexpected and intensive exploitation of a high-
altitude environment by Neanderthal groups. High-altitude 
occupation during the Middle Palaeolithic is recorded in 
various mountain ranges in Eurasia. In Iberia, several sites 
are recorded within 700–1400 m a.s.l., and data suggest an 
occupation mostly during the warmer periods of Marine 
Isotope Stage (MIS) 5 and 3 (Domingo et al., 2017). Evi-
dence from the Alps and subalpine ranges is sparse (Bona 
et al., 2007; Jéquier, 1975; Margaritora et al., 2020; Tillet, 

2003). In the central Apennines, between 1000 and 2000 m 
a.s.l., surface finds have been interpreted as seasonal occu-
pations (Radmilli, 1965). The record from the Caucasus 
yields more consistent data about Middle Palaeolithic high-
altitude occupations (Doronicheva et al., 2024; Gasparyan 
et al., 2014; Malinsky-Buller et al., 2021).

The Problem of Open-air Surface Scatters

A survey of the available literature shows that the sites in the 
Pindos areas consist mainly of surface findspots with only 
a few buried contexts and even fewer dated sites (Fig.  1, 
SI_file 1 and references therein).

These surface lithic concentrations are the results of 
several survey projects (Ammerman et al. 1999; Biagi et 
al. 2022; Dakaris et al. 1964; Elefanti and Marshall 2015; 
Forsén et al. 2016; Francis et al. 2005; Galanidou 2014; 
Galanidou & Papoulia 2016; Galanidou et al. 2016a; Harr-
old et al. 1999; Harvati et al. 2008; Hauck et al. 2017; Higgs 
& Vita-Finzi 1966; Papoulia 2011; Ruka, 2023; Runnels, 
1988; Runnels et al., 2004, 2010; Runnels & van Andel, 
2003; Tourloukis & Harvati, 2018; van Andel & Runnels, 
2005; van Wjingaarden et al., 2013). While they are pre-
cious evidence of Middle Palaeolithic presence in the area, 
none of these scatters, except for Kokkinopilos (but see the 
discussion), can be attributed to a precise timespan with the 
support of a radiometric date; hence, relative chronology is 
attributed to the finds on the grounds of techno-typological 
criteria. This approach is rather dependent on the total num-
ber of artefacts, on those retained as diagnostic, and, ulti-
mately, the techno-typological experience and approach of 
the analyst (Ligkovanlis, 2017).

Aim of the Analysis

Here we present a full techno-typological analysis of SMR1, 
a large surface lithic concentration located in the Pindos 
highland zone in northwestern Macedonia (Greece). The site 
was discovered and investigated during the Thessaloniki-
Venice Universities’ Grevena Project. The unique feature of 
this concentration is its high number of knapped artefacts, 
all diagnostic of Middle Palaeolithic reduction methods. 
The lithic artefacts were found in a horizontal position with 
a complete representation of the reduction steps.

The main aim is to provide a full description of SMR1 
technical behaviour. Furthermore, this effort lays the 
groundwork for discussion and comparison with lithic evi-
dence attributed to the Middle Palaeolithic from surface 
concentrations and buried sites in the neighbouring region 
to elucidate technological behaviours in likely related areas.
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Materials and Methods

The SMR1 Site

The site was discovered by team member, Ploutarchos 
Mitsakos, during a survey conducted around the village of 
Samarina in October 2010. The site is located at 1517  m 
a.s.l. on a higher terrace overlooking the Samariniotikos 
River, approximately 3.5  km upstream from Samarina 
(Biagi et al., 2017; Figs. 1 and 2).

It is characterised by three areas of collection that cor-
respond to the three erosional patches: SMR-1W, SMR-1 
(central) and SMR-1E. SMR-1W partially corresponds to a 
modern lateral slope, while SMR-1E is on the frontal slope. 
The Samariniotikos River, forming a sharp bend separates 
SMR1 from the SMR-2 findspot (Fig.  3). The artefacts 
from the two findspots are very similar in raw materials 

used, technology, and typology (Biagi et al., 2017). Most 
probably, the site extends under the grass cover in the areas 
adjacent to the erosion. Future excavations might reveal the 
original extension of the site that was certainly larger than 
the part exposed by the erosional patches.

Artefacts at SMR1 were collected using a 10 cm square 
grid, and the spatial coordinates of each piece were recorded 
on the square grid. The surface collection was repeated for 
two survey seasons. Two test pits were excavated to inves-
tigate sedimentary contexts by Diego Ercole Angelucci, one 
at the upper boundary of the SMR-1 central erosional patch 
(square K15: Fig. 4) and another adjacent to the SMR-1W 
erosional patch (square F23: Fig.  4). Few artefacts were 
recovered during the excavation of the geological profiles. 
The F23 test pit (50 × 50 cm, surface height 457 cm above 
datum point: see Fig 27 in Biagi et al., 2017) consists of five 
main stratigraphic units. U1 is a modern, poorly developed 

Fig. 1  Map of the central Pindos area sites yielding Middle Palaeo-
lithic artefacts. Orange circles represent sites with artefacts in bur-
ied contexts, while the black circles are surface scatters, and white 
squares are radiometrically dated sites. Sites mentioned in the text:1–
Dalani i Vogël, 2–Istrahista, 4–Alonaki, 11–Asprochaliko rockshelter, 
12–Agia, 23–Eleftherochori 7, 29–Gortses, 34–Kokkinopilos, 44–
Megalo Karvounari, 47–Mikro Karvounari, 49–Molondra, 50–Morfi, 

55–Popovo, 59–PS 43, 140–Theopetra Cave, Corfu and the Lefkada-
Maganisi-Kithros complex. Both maps have been elaborated in QGIS 
3.36 Maidenhead (Jacopo Gennai), elevation data elaborated from the 
GEBCO_Grid 2023 (GEBCO Bathymetric Compilation Group, 2023, 
2023), a full list and coordinates of the sites is available in the SIFile_1 
of the manuscript
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a mottled 3Bg horizon with Mn nodules, are interpreted as 
part of a truncated Pleistocene paleosol formed on fine allu-
vial sediments. No carbonates were found in any unit. Arte-
facts from F23 include a chert chip from U1, a large flake 
at the U2/U3 boundary (oriented N–S), and two small chips 
from the top of U4; charcoal fragments were also collected 
for identification and radiocarbon dating (Biagi et al., 2022). 

A horizon (457–452  cm) of silty loam with scarce stones 
and organic matter. U2 (452–430 cm) is an AC horizon of 
almost pure silt, low in organics, with a concentration of 
stones and an artefact at its base. U3 (430–407 cm), a 2 C 
horizon, comprises silt with some clay and scattered sand-
stone fragments, containing abundant microcharcoal. U4 
(407–395 cm), a dense 3B horizon, and U5 (395–385 + cm), 

Fig. 3  Location of SMR1 and 2 
findspots. (a) The Samariniotikos 
River separating SMR-2 (right) 
from SMR1 (on the left). (b) 
SMR1 findspots with the location 
of the three erosional patches 
(from left to right − 1W, −1, and 
− 1E). In front, the Samarinio-
tikos River and the chert outcrops 
area. (Photographs by Paolo 
Biagi 2014)

 

Fig. 2  Topographical map of the Samarina highlands with some of 
the Middle Palaeolithic findspots (black dots and red pentagons), 
mountain peaks (orange triangles), the location of SMR1 (red star), 
and Samarina modern town (white circle with black middle dot). Top 
right corner, the location (red rectangle) of the represented area within 
Greece. The striped area corresponds to the raw material outcrops 

(Biagi et al., 2015). The map has been elaborated in QGIS 3.36 Maid-
enhead (Jacopo Gennai), elevation data produced using Copernicus 
WorldDEM-30 © DLR e.V. 2010–2014 and © Airbus Defence and 
Space GmbH 2014–2018 provided under COPERNICUS by the Euro-
pean Union and ESA; all rights reserved
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followed by SMR-1W (n = 461) and SMR-1E (n = 271). An 
additional five artefacts were recovered from the cleaning 
of the profiles. The maximum artefact density is recorded 
in square O10 (N = 32, SITable 1), and the median number 
of artefacts is four by square metre in SMR-1, two in SMR-
1W, and one in SMR-1E.

The artefacts have been found mostly lying horizontally 
on the ground, and more artefacts are eroding from the soil 
profile (Fig. 5).

Techno-typological Approach

The SMR1 assemblage has been studied during two study 
seasons, each three weeks long. During the first stay, only 
complete blanks and cores were selected, while the rest of 
the assemblage was recorded in the second stay.

In K15 (197 cm above datum point), the stratigraphy com-
prises a modern soil sequence overlying a lithological dis-
continuity marking the context of Middle Palaeolithic finds. 
The A horizon (0–15 cm) is silty loam with few sandstone 
fragments and low porosity. Below this, the AC (15–35 cm) 
and C horizons (35–55 cm) continue the silty texture, with 
increasing stone content and almost no organic matter. 
Beneath the discontinuity, the buried paleosol begins with 
a 2B(t) horizon (55–70 cm) of clayey silt with faint Fe/Mn 
mottles and thin coatings, followed by a 2Btg horizon (70–
80/90  cm) with scarce stones, stronger mottling, nodules, 
and slight cementation. The 3Bt horizon (80/90–100 + cm), 
not fully excavated, is silty clay with frequent coatings and 
no stones.

A total of 1819 artefacts were recovered. The majority 
derive from the central recovery area (SMR-1; n = 1082), 

Fig. 5  In situ artefacts of SMR1. 
(a) Middle Palaeolithic sides-
craper lying horizontally on the 
ground in 2024 (black rectangle). 
(b) Middle Palaeolithic artefacts 
(white rectangles) buried in the 
soil profile at the upper border 
of the SMR-1 erosional patch in 
2024. (Photographs by Jacopo 
Gennai)

 

Fig. 4  The grid used for the 
collection of artefacts is super-
imposed on the SMR1 terrace 
morphology. Blue squares 
indicate areas of artefact collec-
tion, while shaded grey areas 
represent erosional patches. Red 
squares denote the locations 
of test pits. On top, the test pit 
profile sketches and the location 
of artefact retrieval, as well as the 
artefact recovered at the interface 
between U2 and U3 in the F23 
test pit. On the right, SMR-1W 
K22 51 + L22 53 artefact conjoin. 
(Drawings by Jacopo Gen-
nai, photographs by Elisabetta 
Starnini)
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General Composition of the Assemblages

In all the collection areas, flakes are the most abundant cat-
egory, followed by undetermined fragments (Table  1). A 
chi-square test of independence was performed to evaluate 
whether the frequencies of artefact categories differ across 
the sites. The result is highly significant (χ² = 42.8, df = 8, 
p = < 0.001), indicating that the distribution of categories is 
not uniform across sites. However, the effect size is small 
(Cramer’s V = 0.098), suggesting that the differences, while 
statistically significant, are subtle. The largest deviations 
from expected frequencies occur in flakes and debris, with 
SMR-1 having a relatively higher percentage of undeter-
mined fragments and a slightly lower percentage of flakes, 
whereas SMR-1W shows the opposite pattern. Cores and 
laminar items are more evenly distributed across sites, 
with only minor deviations that do not reach statistical 
significance.

Taphonomy

The artefacts show fresh ridges and mostly fresh edges 
(Table 2), although there is some extent of edge damage and 
evidence of lichen patina but no double patina that would 
indicate a recent damage. A chi-square test of independence 
was performed to evaluate whether the frequencies of edge 
damage differ across the sites. The result is highly significant 
(χ² = 98.73, df = 2, p = < 0.001), indicating that the distribution 
of edge damage is not uniform across sites. The effect size is 
medium (Cramer’s V = 0.231). Edge damage is mostly found 
in SMR-1W and SMR-1E, while it is negligible in SMR-1. 
The degree of fragmentation is similar for laminar items and 
cores across the three main assemblages, while a statistical 
difference arises in flakes (χ² = 66.9, df = 12, p < 0.001, Cra-
mer’s V = 0.145). The main difference lies in frequencies of 
complete flake blanks, which is higher in SMR-1W (N = 176, 
47.7%; Table  1), while complete flake blanks in SMR-1 
account for a third of the total (N = 247, 33.1%; Table 1).

Technology

The assemblages feature all elements of the chaîne opéra-
toire (Table 3). Volumetric blades and bladelets are extremely 
rare; the majority of blade and bladelet-like blanks are elon-
gated versions of technological categories found in flakes.

Cores

Levallois cores are the most frequent across the three assem-
blages, followed by hierarchical discoid ones (Table 3, Fig. 
6). Two prismatic cores have been found in SMR-1E and 
SMR-1W, respectively (Table 3). The cortical presence is 

The chaîne opératoire approach (Soressi & Geneste, 
2011) and the most common criteria recognised for the main 
Middle Palaeolithic methods have been employed: Leval-
lois (Boëda, 1994; Guette, 2002), Discoid (Boëda, 1993; 
Peresani, 2003), Orthogonal (Forestier, 1993), Volumetric 
(Carmignani & Soressi, 2023). Additionally, the attribute 
analysis put forward by Bustos-Pérez and colleagues (2023) 
has been followed. Those attributes were designed to inves-
tigate the robustness of attributes in differentiating between 
discoid and Levallois methods (Bustos-Pérez et al., 2023). 
In particular, Bustos-Pérez and colleagues (2023) concluded 
that the internal platform angle (IPA), the external platform 
angle (EPA), and the mean thickness were the most useful 
attributes in differentiating Levallois, discoid, and hierarchi-
cal discoid knapping products.

Therefore, after a cross-evaluation of the assemblage and 
the division of the artefacts into major categories (cores, cor-
tical blanks, predetermining blanks, predetermining and pre-
determined blanks, target blanks), each artefact was recorded 
individually in a digital database. The databases are shared 
as Supplementary Information attached to the manuscript, 
and they are intended to provide quantitative, reusable, and 
interoperable raw data (SIFile_2, SIFile_3, SIFile_4).

The recorded attributes are numerical (flaking angle, 
length, width, thickness, platform dimensions) and cat-
egorical (presence and location of cortical surface, platform 
type, presence of lipping, presence of bulbar scar, overhang 
microchipping, scar pattern, technological category, place 
of the artefact in the reduction, morpho-technological attri-
butes, taphonomic observations, presence of retouch and 
retouch descriptive attributes).

All the dimensions are recorded manually with a digital 
calliper with a maximum instrumental error of 0.02 mm and 
a resolution of 0.01 mm. Recordings are automatically input 
thanks to a data cable.

Statistical differences were assessed using the Chi-
squared test for qualitative (categorical) variables and the 
Kruskal-Wallis non-parametric test for numerical variables. 
All statistical testing is performed into the open-source 
software R version 4.5.2 (R Core Team, 2025), using the 
ggstatsplot package (Patil, 2021).

Retouch analysis and description followed Inizan et al.‘s 
attributes (1999), and typological classification followed 
Laplace’s (1964) and F. Bordes’s proposals (1961, 1988).

Results

In the following section, the lithic technological analysis 
of SMR1 patches will be presented. The excavated sample 
(SMR1-exc) will be left out of statistical testing due to the 
small size.
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Table 1  Assemblage composition and degree of fragmentation of the various categories. Percentages represent frequency along the same row 
except for the total columns where percentages refer to frequency of the debitage product within the subtotal
Categories SMR-1 SMR-1E SMR-1W SMR1-exc Total

N % N % N % N % N %
Blade 53 4.9 17 5.6 21 4.5 0.0 91 4.9
Whole 33 62.3 12 73.3 12 55.0 57 62.5
Proximal + Mesial 12 22.6 3 13.3 4 20.0 19 20.5
Mesial 4 7.5 1 6.7 1 5.0 6 6.8
Mesial + Distal 4 7.5 1 6.7 3 15.0 8 9.1
Incomplete 0.0 0.0 1 5.0 1 1.1
Bladelet 9 0.8 3 1.1 2 0.5 0.0 14 0.8
Whole 2 22.2 1 33.3 0.0 3 21.4
Proximal + Mesial 5 55.6 1 33.3 2 100.0 8 57.1
Mesial 2 22.2 1 33.3 0.0 3 21.4
Core 18 1.7 13 4.5 16 3.2 0.0 47 2.4
Whole 12 66.7 10 75.0 10 57.1 32 65.9
Incomplete 6 33.3 3 25.0 6 42.9 15 34.1
Flake 746 68.9 196 73.0 367 79.9 4 80.0 1313 72.3
Whole 247 33.1 74 37.4 176 47.7 1 25.0 498 37.7
Proximal 64 8.6 13 6.7 29 8.2 0.0 106 8.2
Proximal + Mesial 64 8.6 29 14.9 38 9.9 1 25.0 132 9.9
Mesial 40 5.4 11 5.6 29 7.9 0.0 80 6.1
Mesial + Distal 28 3.8 11 5.6 20 5.6 0.0 59 4.5
Distal 44 5.9 4 2.1 22 6.2 1 25.0 71 5.5
Incomplete 259 34.7 54 27.7 53 14.4 1 25.0 367 28.1
Fragment 256 23.7 42 15.7 55 12.0 1 20.0 354 19.6
Total 1082 100.0 271 100.0 461 100.0 5 100.0 1819 100.0

Table 2  Presence of mechanical edge damage across the collection areas and the artefact categories
Categories No Yes Total

N % N % N %
SMR-1 953 88.1 129 11.9 1082 100.0
Blade 29 54.7 24 45.3 53 100.0
Bladelet 9 100.0 0.0 9 100.0
Core 18 100.0 0.0 18 100.0
Flake 642 86.1 104 13.9 746 100.0
Fragment 255 99.6 1 0.4 256 100.0
SMR-1E 197 72.3 74 27.7 271 100.0
Blade 9 46.7 8 53.3 17 100.0
Bladelet 3 100.0 0.0 3 100.0
Core 13 100.0 0.0 13 100.0
Flake 130 66.2 66 33.8 196 100.0
Fragment 42 100.0 0.0 42 100.0
SMR-1W 312 67.5 149 32.5 461 100.0
Blade 11 50.0 10 50.0 21 100.0
Bladelet 2 100.0 0.0 2 100.0
Core 16 100.0 0.0 16 100.0
Flake 231 63.0 136 37.0 367 100.0
Fragment 52 94.3 3 5.7 55 100.0
SMR1-exc 5 100.0 0.0 5 100.0
Flake 4 100.0 0.0 4 100.0
Fragment 1 100.0 0.0 1 100.0
Total 1467 80.7 352 19.3 1819 100.0
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Hierarchical discoid cores have mostly facetted striking 
platforms in SMR-1, while they are mostly plain in the other 
two assemblages (Table 6).

Blanks

The same blank technological categories are found through-
out the different assemblages. Considering all blank cat-
egories together, simple flakes are the most frequent, 
followed by Levallois recurrent flakes, predetermining 
flakes removing ridges and blanks creating convexities 
(core-edge flakes, or éclates débordantes, overshot flakes 

consistently on the core face opposite to the flaking surface 
(base; Table 4).

Cores have mostly a single flaking surface across all 
the assemblages and types (SI Table 2). The scar pattern is 
mostly centripetal in SMR-1, while it is mostly unidirec-
tional in SMR-1E and SMR-1W (Table 5). Most of the cores 
produce flakes in all the assemblages (Table 5).

The overhang microchipping is slightly more frequent 
in cores across all assembalges, especially in SMR-1E 
(SI Table  3). It is especially frequent in Levallois cores, 
across all assemblages (SIFile_3). Striking platforms are 
mostly facetted in Levallois cores, across all assemblages. 

Table 3  Technological categories across assemblages
Technological categories SMR-1 SMR-1E SMR-1W SMR1-exc Total

N % N % N % N % N %
Blade 53 4.9 17 5.6 21 4.5 0.0 91 4.9
Blade 3 5.7 1 6.7 0.0 4 4.5
Core-Edge Flake 9 17.0 8 53.3 4 15.0 21 22.7
Cortical Flake 1 1.9 0.0 0.0 1 1.1
Kombewa Flake 1 1.9 0.0 1 5.0 2 2.3
Levallois Blade 11 20.8 3 13.3 9 45.0 23 25.0
Levallois Recurrent Flake 17 32.1 4 20.0 3 15.0 24 26.1
Overshot Flake 8 15.1 1 6.7 3 15.0 12 13.6
Predetermining Flake 3 5.7 0.0 1 5.0 4 4.5
Bladelet 9 0.8 3 1.1 2 0.5 0.0 14 0.8
Bladelet 1 11.1 2 66.7 2 100.0 5 35.7
Levallois Recurrent Flake 2 22.2 0.0 0.0 2 14.3
Predetermining Flake 6 66.7 1 33.3 0.0 7 50.0
Core 18 1.7 13 4.5 16 3.2 0.0 47 2.4
Centripetal 0.0 1 8.3 0.0 1 2.3
Discoid 1 5.6 0.0 1 7.1 2 4.5
Expedient 0.0 1 8.3 2 14.3 3 6.8
Hierarchical Discoid 4 22.2 3 25.0 3 21.4 10 22.7
Levallois 11 61.1 6 50.0 9 50.0 26 54.5
Levallois and Hierarchical Discoid 0.0 1 8.3 0.0 1 2.3
Prismatic 0.0 1 0.0 1 7.1 2 2.3
SSDA 2 11.1 0.0 0.0 2 4.5
Flake 746 68.9 196 73.0 367 79.9 4 80.0 1313 72.3
Core-Edge Flake 50 6.7 17 8.2 49 13.6 0.0 116 8.8
Cortical Flake 18 2.4 13 6.7 10 2.5 0.0 41 3.1
Crest 1 0.1 0.0 0.0 0.0 1 0.1
Discoid Centripetal Flake 8 1.1 5 2.6 6 1.7 0.0 19 1.5
Discoid Core-Edge Flake 6 0.8 3 1.5 2 0.3 0.0 11 0.8
Flake 340 45.6 67 34.4 109 30.5 3 75.0 519 39.9
Kombewa Flake 92 12.3 25 12.8 21 5.6 0.0 138 10.5
Levallois Blade 0.0 1 0.5 2 0.6 0.0 3 0.2
Levallois point 0.0 1 0.5 0.0 0.0 1 0.1
Levallois Preferential Flake 4 0.5 1 0.5 8 2.3 0.0 13 1.0
Levallois Recurrent Flake 88 11.8 37 19.0 85 22.6 0.0 210 15.8
Overshot Flake 32 4.3 6 3.1 20 5.4 0.0 58 4.4
Predetermining Flake 96 12.9 17 8.7 46 12.4 1 25.0 160 12.2
Pseudo-Levallois point 11 1.5 3 1.5 9 2.5 0.0 23 1.8
Fragment 256 23.7 42 15.7 55 12.0 1 20.0 354 19.6
Total 1082 100.0 271 100.0 461 100.0 5 100.0 1819 100.0
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frequency of Levallois recurrent flakes and core-edge flakes 
(Table 7). Cortical flakes are more present in SMR-1E, and 
Kombewa flakes are rarer in SMR-1W.

Blanks are largely non-cortical throughout the assem-
blages (Table  8). Most blanks featuring cortical surfaces 
show less than 50% of the dorsal face covered by it. How-
ever, in SMR-1E blanks with a higher presence of cortical 
surfaces are more frequent, in accordance with a higher fre-
quency of cortical flakes (Table 8). The lateral position of 

and pseudo-Levallois points), Kombewa flakes and cortical 
flakes (Figs. 7, 8 and 9; Table 7). A chi-square test of inde-
pendence was performed to evaluate whether the frequen-
cies of technological types differ across the assemblage. The 
result is highly significant (χ² = 92.8, df = 30, p = < 0.001), 
indicating that the distribution of technological categories 
is not uniform across sites. However, the effect size is small 
(Cramer’s V = 0.149). SMR-1 shows a higher frequency 
of simple flakes, while SMR-1E and 1W show a higher 

Fig. 6  SMR-1 Cores. Leval-
lois: SMR-1 M12 350, SMR-1E 
EE104 838, SMR-1W 416, 
SMR-1 P12 741, SMR-1E JJ104 
876. Hierarchical discoid cores: 
SMR-1 N12 509, SMR-1 M12 
344. The labels correspond to 
the artefact ID. (Photographs by 
Elisabetta Starnini)
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recurrent flakes and core-edge flakes, especially those in 
SMR-1W (Table 10).

Dimensions

Core dimensions overlap across the most represented cat-
egories (Levallois, hierarchical discoid and discoid) and 
assemblages (Table 11). Despite the differences in medians, 
no statistical difference has been detected (p > 0.005), due to 
the small samples.

The flaking angles overlap widely as well between 
core types, and no statistical difference has been detected 
(Table 12).

Regarding the most represented technological cat-
egories simple flakes and Kombewa flakes tend to be the 
shortest blanks across the assemblages, while core-edge 
flakes are the longest (Table 13). Also, Levallois recurrent 
flakes are among the longest blank categories. This mirrors 

cortical surfaces is consistently the most frequent in semi-
cortical blanks, while extensively cortical and fully cortical 
blanks have cortical surfaces covering much of the dorsal 
face. Semi-cortical blanks are mostly core-edge blanks.

Unidirectional negatives are the most frequent in blanks 
across all the assemblages, followed by centripetal (Table 9). 
Crossed negatives are the third-most frequent. Flakes are 
the most determined negatives in blanks across all the 
assemblages. While unidirectional and centripetal flakes are 
common in Levallois recurrent flakes, crossed negatives are 
mostly found in core-edge and predetermining flakes.

The proximal parts are consistently mostly non-micro-
chipped in all the assemblages; the highest frequency of 
microchipping is in SMR-1W (N = 85, 42.3%; SI Table 4). 
Levallois recurrent flakes show the highest frequency of 
microchipping across all assemblages. Non-facetted plat-
forms are common across blank types and all assemblages. 
The highest frequency of platform facetting is in Levallois 

Table 4  Cortex presence and location in cores across assemblages
Categories SMR-1 SMR-1E SMR-1W Total

N % N % N % N %
Centripetal 0.0 1 8.3 0.0 1 2.3
yes 1 100.0 1 100.0
Base 1 100.0 1 100.0
Discoid 1 5.6 0.0 1 7.1 2 4.5
yes 1 100.0 1 100.0 2 100.0
Base 0.0 1 100.0 1 50.0
Proximal 1 100.0 0.0 1 50.0
Expedient 0.0 1 8.3 2 14.3 3 6.8
no 1 100.0 1 50.0 2 66.7
yes 0.0 1 50.0 1 33.3
Base 1 100.0 1 100.0
Hierarchical Discoid 4 22.2 3 25.0 3 21.4 10 22.7
no 1 25.0 3 100.0 1 33.3 5 50.0
yes 3 75.0 0.0 2 66.7 5 50.0
Base 3 100.0 2 100.0 5 100.0
Levallois 11 61.1 6 50.0 9 50.0 26 54.5
no 5 45.5 2 33.3 6 57.1 13 45.8
yes 6 54.5 4 66.7 3 42.9 13 54.2
Base 4 66.7 3 75.0 2 66.7 9 69.2
Distal 0.0 1 25.0 0.0 1 7.7
Lateral 2 33.3 0.0 0.0 2 15.4
Proximal 0.0 0.0 1 33.3 1 7.7
Levallois and Hierarchical Discoid 0.0 1 8.3 0.0 1 2.3
no 1 100.0 1 100.0
Prismatic 0.0 1 0.0 1 7.1 2 2.3
yes 1 1 100.0 2 100.0
Base 1 100.0 1 100.0
Base and Back 1 0.0 1 0.0
SSDA 2 11.1 0.0 0.0 2 4.5
yes 2 100.0 2 100.0
Base 1 50.0 1 50.0
Lateral 1 50.0 1 50.0
Total 18 100.0 13 100.0 16 100.0 47 100.0
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Table 5  Core negatives and scar pattern across the assemblages
Categories SMR-1 SMR-1E SMR-1W Total

N % N % N % N %
Centripetal 12 66.7 4 33.3 7 42.9 23 50.0
Flakes 12 100.0 100.0 7 100.0 23 100.0
Centripetal 0.0 1 25.0 0.0 1 4.5
Discoid 1 8.3 0.0 0.0 1 4.5
Expedient 0.0 0.0 1 16.7 1 4.5
Hierarchical Discoid 4 33.3 1 25.0 1 16.7 6 27.3
Levallois 7 58.3 2 50.0 5 66.7 14 59.1
Unidirectional 5 27.8 9 66.7 9 57.1 23 47.7
Blades 0.0 1 0.0 0.0 1 0.0
Prismatic 1 1
Bladelets 0.0 0.0 1 12.5 1 4.8
Prismatic 1 100.0 1 100.0
Blades and Flakes 0.0 2 25.0 1 0.0 3 9.5
Levallois 1 50.0 1 2 50.0
Levallois and Hierarchical Discoid 1 50.0 1 50.0
Flakes 5 100.0 6 75.0 7 87.5 18 85.7
Discoid 0.0 0.0 1 14.3 1 5.6
Expedient 0.0 1 16.7 1 14.3 2 11.1
Hierarchical Discoid 0.0 2 33.3 2 28.6 4 22.2
Levallois 3 60.0 3 50.0 3 42.9 9 50.0
SSDA 2 40.0 0.0 0.0 2 11.1
Bidirectional 1 5.6 0.0 0.0 1 2.3
Blades 1 100.0 1 100.0
Levallois 1 100.0 1 100.0
Total 18 100.0 13 100.0 16 100.0 47 100.0

Table 6  Platform preparation in the different core types across all the assemblages
Categories SMR-1 SMR-1E SMR-1W Total

N % N % N % N %
Levallois 11 61.1 6 50.0 9 50.0 26 54.5
Facetted 9 81.8 5 83.3 7 71.4 21 79.2
Plain 0.0 1 16.7 2 28.6 3 12.5
Natural 2 18.2 0.0 0.0 2 8.3
Hierarchical Discoid 4 22.2 3 25.0 3 21.4 10 22.7
Plain 0.0 2 66.7 3 100.0 5 50.0
Facetted 3 75.0 1 33.3 0.0 4 40.0
Natural 1 25.0 0.0 0.0 1 10.0
Expedient 0.0 1 8.3 2 14.3 3 6.8
Plain 1 100.0 1 50.0 2 66.7
Natural 0.0 1 50.0 1 33.3
SSDA 2 11.1 0.0 0.0 2 4.5
Plain 2 100.0 2 100.0
Discoid 1 5.6 0.0 1 7.1 2 4.5
Plain 1 100.0 0.0 1 50.0
Natural 0.0 1 100.0 1 50.0
Levallois and Hierarchical Discoid 0.0 1 8.3 0.0 1 2.3
Facetted 1 100.0 1 100.0
Centripetal 0.0 1 8.3 0.0 1 2.3
Plain 1 100.0 1 100.0
Prismatic 0.0 1 0.0 1 7.1 2 2.3
Plain 1 100.0 1 100.0
Natural 1 0.0 1 0.0
Total 18 100.0 13 100.0 16 100.0 47 100.0
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complete, unretouched artefacts with a linear size (maximum 
length combined with width) larger than 40 mm, Levallois 
recurrent blanks are confirmed to be the thinnest and flatter 
knapping products within the assemblages (Table 13).

Levallois recurrent flakes and Kombewa flakes knapping 
angles differ from those of the discoid flakes as the internal 
platform angle is narrower and the external platform angle 
is wider, indicating a more parallel knapping regarding the 
flaking surface (Table 14).

statistical differences between the Levallois recurrent flakes 
and the core-edge flakes and the simple and Kombewa 
flakes, regarding length. Differences in width are statistically 
significant only in SMR-1. Simple flakes and Kombewa 
flakes are statistically thinner than the rest (Table 13). Core-
edge flakes, cortical flakes, and discoid flakes are the thickest 
blank categories, and they are statistically different from the 
thinnest blanks categories: simple flakes, Kombewa flakes, 
and Levallois recurrent flakes (Table 13). Considering only 

Fig. 7  Cortical and Kombewa 
flakes. Extensively cortical 
flakes: SMR-1E PP102 1015, 
SMR-1W K23 76, SMR-1 P11 
729, SMR-1E KK103 933, SMR-
1E KK105 904, SMR-1E JJ107 
859, SMR-1 M9 267. Kombewa 
flakes: SMR-1 I13 83, SMR-1W 
414 (retouched), SMR-1 K15 
2002, SMR-1 O10 601, SMR-1 
M12 355, SMR-1W Q25 471. 
(Photographs by Elisabetta 
Starnini)
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Fig. 11). They also include a Mousterian point. Most of the 
retouched blanks come from the SMR-1W assemblage.

Raw Material Economy

The assemblage is overwhelmingly fashioned on creamy 
white, homogeneous, dull, and opaque raw material with a 
rough, beige cortex (Table 16). This has been petrographi-
cally recognised as siliceous limestone (Biagi et al., 2017). 
Few debitage products are fashioned on other chert types, 

Retouched Artefacts

Twenty-eight artefacts exhibit intentional modifications 
consistent with retouch (Fig. 10). These pieces are manu-
factured on a diverse range of blank types, including core-
convexity management products such as core-edge flakes 
and overshot flakes. Among them, Levallois recurrent flakes 
(N = 7; Table 15) represent the most frequent blank category. 
The retouched types are predominantly sidescrapers, rang-
ing from simple to bilateral and transversal forms (Table 15; 

Fig. 8  Levallois flakes. Prefer-
ential Levallois flakes: SMR-
1W M25 137, SMR-1 J14 162. 
Levallois blades: SMR-1 H10 64, 
SMR-1W H32 268, SMR-1 J13 
81. Recurrent Levallois flakes: 
SMR-1W 403, SMR-1 M15 
3035, SMR-1W L22 54, SMR-
1W K29 221, SMR-1W P23 97, 
SMR-1W G27 197, SMR-1 H10 
63. Levallois point: SMR-1E 
PP105 1002. (Photographs by 
Elisabetta Starnini)
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SMR1: The Lithic Assemblage and the Chaîne 
Opératoire Reconstruction

Three Patches, One Concept

The evidence of SMR1, despite being a surface con-
centration, shows internal coherence. The technological 
analysis of the SMR1 industry highlights the presence of 

including a grey-green homogeneous, opaque one and a 
reddish, homogeneous, shiny one (Fig. 11). Most of them 
are macroscopically identifiable as radiolarite; the other are 
cherts of unknown petrographic types. The exact sources of 
procurement are still unknown; nevertheless, radiolarite is 
available on the Pindos near the village of Avdella (Ozs-
várt et al., 2012) and along the slopes of Mt. Vasilitsa, about 
14 km from SMR1 as the crow flies. Green chert has been 
found around Mt. Vasilitsa during surveys.

Fig. 9  Core-edge flakes: SMR-1E 
PP102 1013, SMR-1W J29 229, 
SMR-1W M25 138, SMR-1W 
R19 292, SMR-1W M26 169, 
SMR-1W, K27 183, SMR-1W 
J29 232, SMR-1W O26 469, 
SMR-1 L11 307, SMR-1 G12 37, 
SMR-1E PP106 99. Pseudo-Lev-
allois points: SMR-1W I28 202, 
SMR-1W G29 234, SMR-1W J29 
230, SMR-1W K27 188, SMR-
1E N14 3065, SMR-1W J25 111, 
SMR-1 M12 348. (Photographs 
by Elisabetta Starnini)
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average, though they can reach up to 600  mm in length 
(Figs.  12 and 13). The SMR1 cores and the presence of 
decortication workshops on the Delichmét - Mt. Kirkouri 
ridge (Biagi et al., 2015, 2017) support the hypothesis that 
this was the primary mode of raw material import to the 
site. Once the spherical cap is obtained, it can be easily 
turned so that the cortical surface is transformed into the 
striking platform, and the former ventral surface is turned 
into the flaking surface (Fig. 14). After the first spherical cap 
is removed, several others can be detached using the nega-
tive of the first one to remove the others on the nodule side. 
These secondary spherical caps have a non-cortical 90° sur-
face that can be turned preferentially on a striking platform.

This raw material procurement mode explains the small 
percentage of fully or extensively cortical artefacts, as the 
original flaking surface is a ventral one. Essentially, the first 
flakes will be Kombewa, removing the ventral face of the 
spherical cap. The rest of the reduction follows a classical 
Levallois recurrent reduction. There is no evidence of bifa-
cial reduction, as it would be expected in a classical discoid 
method; in one case, the core has effectively two exploited 
flaking surfaces on the upper and lower surfaces. Neverthe-
less, these reductions are independent and carried out on 
a single surface at a time. Technologically and typologi-
cally, the SMR1 assemblage can be attributed to the Middle 
Palaeolithic mode of production. In fact, there are no pre-
dominant traces of volumetric blade and bladelet cores. In 
particular, there is one bladelet prismatic core, which may 
combine with the few bladelets found in the assemblage. 
A volumetric bladelet production is found associated with 
more typical Middle Palaeolithic reduction in secure Mid-
dle Palaeolithic contexts (Carmignani & Soressi, 2023).

a homogeneous lithic assemblage, featuring all stages of 
reduction and on-site knapping.

From a taphonomic point of view, the three erosional 
patches show the same degree of edge damage and patina. 
Nevertheless, the spatial configuration and the content of 
each patch suggest that SMR-1W might be affected by 
run-off, with a bias in the preservation of smaller arte-
facts. This is due to the hill configuration, as the slope 
is steeper there. Instead, SMR-1, the central erosional 
patch, is an almost horizontal surface. The evidence from 
the soil profile at the upper edge of the erosional patch 
(Fig. 5), and the limited test-pit (Fig. 4) suggest that lith-
ics were embedded in the soil and were left in place by the 
erosion of the topsoil. Additional proof of preservation is 
the recovery of two conjoining pieces in two neighbour-
ing squares (Fig. 4).

Nevertheless, even though the three assemblages are not 
identical, they are not significantly different. Hence it is safe 
to treat them as part of the same chronological and behav-
ioural occupations.

Raw material procurement is heavily focused on sili-
ceous limestone that is available all along the Delichmét - 
Mt. Kirkouri ridge and slopes, right in front of site SMR1 
(Fig. 12; Biagi et al., 2015, 2017). Within a limestone for-
mation there are round nodules of raw material with con-
choid fracture readily available on the surface (Fig.  12). 
The petrographic analysis of geological samples noticed 
the composite nature of the material, consisting of layers of 
limestone, siliceous limestone, calcareous chert, non-calcar-
eous chert, and chalcedony (Biagi et al., 2017).

The round nodules can be split open, removing flakes 
with a spherical cap shape, ca. 100 × 150  mm large on 

Table 7  Technological types in blanks across the assemblages
Technological type SMR-1 SMR-1E SMR-1W SMR1-exc Total

N % N % N % N % N %
Flake 340 42.1 67 31.5 109 28.7 3 75.0 519 37.0
Levallois Recurrent Flake 107 13.2 41 18.8 88 22.1 0.0 236 16.4
Predetermining Flake 105 13.0 18 8.5 47 12.0 1 25.0 171 12.1
Kombewa Flake 93 11.5 25 11.7 22 5.6 0.0 140 9.9
Core-Edge Flake 59 7.3 25 11.3 53 13.6 0.0 137 9.6
Overshot Flake 40 5.0 7 3.3 23 5.9 0.0 70 4.9
Cortical Flake 19 2.4 13 6.1 10 2.4 0.0 42 2.9
Pseudo-Levallois point 11 1.4 3 1.4 9 2.4 0.0 23 1.6
Levallois Blade 11 1.4 4 1.4 11 2.9 0.0 26 1.8
Discoid Centripetal Flake 8 1.0 5 2.3 6 1.6 0.0 19 1.4
Discoid Core-Edge Flake 6 0.7 3 1.4 2 0.3 0.0 11 0.7
Levallois Preferential Flake 4 0.5 1 0.5 8 2.1 0.0 13 0.9
Blade 3 0.4 1 0.5 0.0 0.0 4 0.3
Bladelet 1 0.1 2 0.9 2 0.5 0.0 5 0.4
Crest 1 0.1 0.0 0.0 0.0 1 0.1
Levallois point 0.0 1 0.5 0.0 0.0 1 0.1
Total 808 100.0 216 100.0 390 100.0 4 100.0 1418 100.0
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Categories SMR-1 SMR-1E SMR-1W SMR1-exc Total
N % N % N % N % N %

No Cortex 718 88.9 182 84.5 319 81.6 3 75.0 1222 86.2
Blade 3 0.4 1 0.6 0.0 0.0 4 0.3
Bladelet 1 0.1 2 1.1 2 0.7 0.0 5 0.4
Core-Edge Flake 39 5.4 13 7.2 27 8.1 0.0 79 6.4
Crest 1 0.1 0.0 0.0 0.0 1 0.1
Discoid Centripetal Flake 6 0.8 5 2.8 4 1.3 0.0 15 1.2
Discoid Core-Edge Flake 4 0.6 2 1.1 2 0.3 0.0 8 0.6
Flake 326 45.4 65 36.1 107 34.5 3 100.0 501 41.4
Kombewa Flake 92 12.8 24 13.3 22 6.8 0.0 138 11.3
Levallois Blade 10 1.4 4 1.7 9 2.9 0.0 23 1.8
Levallois point 0.0 1 0.6 0.0 0.0 1 0.1
Levallois Preferential Flake 3 0.4 1 0.6 6 2.0 0.0 10 0.8
Levallois Recurrent Flake 105 14.6 38 20.6 83 25.4 0.0 226 18.2
Overshot Flake 21 2.9 5 2.8 13 4.2 0.0 39 3.2
Predetermining Flake 97 13.5 18 10.0 37 11.4 0.0 152 12.4
Pseudo-Levallois point 10 1.4 3 1.7 7 2.3 0.0 20 1.7
Presence of Cortex 90 11.1 34 15.5 71 18.4 1 25.0 196 13.8
< 50 65 72.2 20 57.6 52 73.9 1 100.0 138 70.5
Distal 24 36.9 5 26.3 15 27.5 0.0 44 31.6
Core-Edge Flake 0.0 3 60.0 2 14.3 5 11.6
Discoid Centripetal Flake 2 8.3 0.0 2 14.3 4 9.3
Discoid Core-Edge Flake 1 4.2 0.0 0.0 1 2.3
Flake 2 8.3 0.0 1 7.1 3 7.0
Levallois Recurrent Flake 1 4.2 0.0 4 28.6 5 11.6
Overshot Flake 13 54.2 2 40.0 5 28.6 20 44.2
Predetermining Flake 5 20.8 0.0 1 7.1 6 14.0
Distal & Lateral 0.0 0.0 1 2.0 0.0 1 0.7
Core-Edge Flake 1 100.0 1 100.0
Dorsal 6 9.2 0.0 3 5.9 0.0 9 6.6
Cortical Flake 2 33.3 0.0 2 22.2
Levallois Blade 1 16.7 0.0 1 11.1
Levallois Preferential Flake 1 16.7 0.0 1 11.1
Predetermining Flake 1 16.7 3 100.0 4 44.4
Pseudo-Levallois point 1 16.7 0.0 1 11.1
Lateral 26 40.0 12 57.9 27 52.9 1 100.0 66 47.8
Core-Edge Flake 15 57.7 8 63.6 17 63.0 0.0 40 60.0
Cortical Flake 1 3.8 1 9.1 0.0 0.0 2 3.1
Discoid Core-Edge Flake 0.0 1 9.1 0.0 0.0 1 1.5
Flake 8 30.8 1 9.1 0.0 0.0 9 13.8
Kombewa Flake 0.0 1 9.1 0.0 0.0 1 1.5
Levallois Preferential Flake 0.0 0.0 1 3.7 0.0 1 1.5
Levallois Recurrent Flake 0.0 0.0 1 3.7 0.0 1 1.5
Overshot Flake 2 7.7 0.0 4 14.8 0.0 6 9.2
Predetermining Flake 0.0 0.0 2 7.4 1 100.0 3 4.6
Pseudo-Levallois point 0.0 0.0 2 7.4 0.0 2 3.1
Lateral & Distal 2 3.1 0.0 0.0 0.0 2 1.5
Core-Edge Flake 1 50.0 1 50.0
Overshot Flake 1 50.0 1 50.0
NA 0.0 0.0 1 2.0 0.0 1 0.7
Flake 1 100.0 1 100.0
Proximal 7 10.8 3 15.8 5 9.8 0.0 15 11.0
Core-Edge Flake 2 28.6 1 33.3 1 20.0 4 26.7
Discoid Core-Edge Flake 1 14.3 0.0 0.0 1 6.7
Flake 1 14.3 1 33.3 0.0 2 13.3

Table 8  Cortex percentage and location in blanks across the assemblages
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The debitage products are largely consistent with a sur-
face exploitation, i.e. Levallois sensu latu. At SMR1 there 
is a consistent production of large and thin flakes, which 
exploits predetermined convexities. The convexities man-
agement is embedded in the reduction, partially removing 
core-edge products (core-edge flakes, pseudo-Levallois 
points, overshot flakes). Comparing statistically SMR1 
blanks with those from controlled experimental knap-
ping published by Bustos-Peréz and colleagues (2023), 
SMR1 Levallois recurrent flakes internal and external 
platform angles are different from those of the discoid and 

Discoid vs. Levallois

Discerning between discoid, especially unifacial hier-
archical discoid knapping, and centripetal Levallois is 
complex (Boëda, 1993; Bustos-Pérez et al., 2023; Del-
piano et al., 2021; González-Molina et al., 2020; Pere-
sani, 2003). In SMR1 there are only two cores that can be 
defined as bifacial discoid; the rest of the discoidal cores 
are defined as hierarchical discoid, as they use a single 
flaking surface. Nevertheless, the flaking angle in cores is 
not statistically different from Levallois recurrent cores. 

Categories SMR-1 SMR-1E SMR-1W SMR1-exc Total
N % N % N % N % N %

Kombewa Flake 1 14.3 0.0 0.0 1 6.7
Levallois Blade 0.0 0.0 1 20.0 1 6.7
Levallois Preferential Flake 0.0 0.0 1 20.0 1 6.7
Levallois Recurrent Flake 1 14.3 1 33.3 0.0 2 13.3
Predetermining Flake 1 14.3 0.0 2 40.0 3 20.0
50 7 7.8 4 12.1 12 15.9 0.0 23 11.4
Distal 2 28.6 1 25.0 2 18.2 5 22.7
Cortical Flake 0.0 1 100.0 2 100.0 3 60.0
Overshot Flake 1 50.0 0.0 0.0 1 20.0
Predetermining Flake 1 50.0 0.0 0.0 1 20.0
Dorsal 4 57.1 0.0 0.0 4 18.2
Core-Edge Flake 1 25.0 1 25.0
Cortical Flake 2 50.0 2 50.0
Flake 1 25.0 1 25.0
Lateral 1 14.3 3 75.0 10 81.8 14 59.1
Core-Edge Flake 0.0 0.0 3 33.3 3 23.1
Cortical Flake 0.0 2 66.7 3 22.2 5 30.8
Flake 1 100.0 0.0 0.0 1 7.7
Levallois Blade 0.0 0.0 1 11.1 1 7.7
Levallois Recurrent Flake 0.0 1 33.3 0.0 1 7.7
Overshot Flake 0.0 0.0 1 11.1 1 7.7
Predetermining Flake 0.0 0.0 2 22.2 2 15.4
> 50 11 12.2 5 15.2 2 2.9 0.0 18 9.3
Dorsal 9 81.8 5 100.0 2 100.0 16 88.9
Core-Edge Flake 1 11.1 0.0 1 50.0 2 12.5
Cortical Flake 6 66.7 4 80.0 1 50.0 11 68.8
Flake 1 11.1 0.0 0.0 1 6.3
Levallois Recurrent Flake 0.0 1 20.0 0.0 1 6.3
Overshot Flake 1 11.1 0.0 0.0 1 6.3
Lateral & Distal 1 9.1 0.0 0.0 1 5.6
Overshot Flake 1 100.0 1 100.0
Proximal 1 9.1 0.0 0.0 1 5.6
Cortical Flake 1 100.0 1 100.0
100 7 7.8 5 15.2 5 7.2 0.0 17 8.8
Dorsal 7 100.0 5 100.0 4 80.0 16 94.1
Cortical Flake 7 100.0 5 100.0 4 100.0 16 100.0
Dorsal & Lateral 0.0 0.0 1 20.0 1 5.9
Core-Edge Flake 1 100.0 1 100.0
Total 808 100.0 216 100.0 390 100.0 4 100.0 1418 100.0

Table 8  (continued) 
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Categories SMR-1 SMR-1E SMR-1W SMR1-exc Total
N % N % N % N % N %

Unidirectional 405 56.3 98 50.3 193 53.1 1 25.0 697 54.4
Flakes 353 87.2 76 79.2 149 76.6 0.0 578 83.0
Bladelet 1 0.3 1 1.3 0.0 2 0.3
Core–Edge Flake 15 4.2 3 3.9 15 10.4 33 5.8
Cortical Flake 7 2.0 6 7.9 1 0.7 14 2.4
Discoid Centripetal Flake 4 1.1 1 1.3 1 0.7 6 1.0
Discoid Core–Edge Flake 1 0.3 0.0 0.0 1 0.2
Flake 164 46.5 31 40.8 51 35.4 246 42.9
Kombewa Flake 28 7.9 7 9.2 7 4.9 42 7.3
Levallois Blade 1 0.3 1 1.3 2 1.4 4 0.7
Levallois Preferential Flake 2 0.6 0.0 0.0 2 0.3
Levallois Recurrent Flake 49 13.9 14 18.4 38 24.3 101 17.1
Overshot Flake 21 5.9 3 3.9 14 9.0 38 6.5
Predetermining Flake 55 15.6 8 10.5 18 11.8 81 14.0
Pseudo-Levallois point 5 1.4 1 1.3 2 1.4 8 1.4
Flakes and Blades 1 0.2 0.0 1 0.5 0.0 2 0.3
Levallois Blade 1 100.0 0.0 1 50.0
Levallois Recurrent Flake 0.0 1 100.0 1 50.0
Bladelets 1 0.2 0.0 0.0 0.0 1 0.1
Predetermining Flake 1 100.0 1 100.0
Blades 2 0.5 3 2.1 0.0 0.0 5 0.6
Core–Edge Flake 1 50.0 0.0 1 25.0
Levallois Blade 0.0 2 50.0 2 25.0
Overshot Flake 1 50.0 1 50.0 2 50.0
Not determined negatives' type 48 11.9 19 18.8 43 22.9 1 100.0 111 15.9
Blade 2 4.2 0.0 0.0 0.0 2 1.8
Bladelet 0.0 1 5.6 2 4.7 0.0 3 2.7
Core–Edge Flake 9 18.8 9 44.4 11 25.6 0.0 29 25.5
Cortical Flake 0.0 0.0 1 2.3 0.0 1 0.9
Flake 8 16.7 1 5.6 9 20.9 1 100.0 19 17.3
Kombewa Flake 0.0 0.0 2 4.7 0.0 2 1.8
Levallois Blade 4 8.3 1 5.6 7 16.3 0.0 12 10.9
Levallois Recurrent Flake 15 31.3 7 38.9 6 14.0 0.0 28 25.5
Overshot Flake 8 16.7 0.0 2 4.7 0.0 10 9.1
Predetermining Flake 2 4.2 0.0 3 7.0 0.0 5 4.5
Centripetal 155 21.6 51 26.7 102 26.8 1 25.0 309 23.8
Flakes 151 97.4 50 98.0 100 97.9 1 100.0 302 97.7
Core–Edge Flake 14 9.3 4 8.0 10 9.7 0.0 28 9.2
Cortical Flake 1 0.7 1 2.0 3 2.2 0.0 5 1.4
Crest 1 0.7 0.0 0.0 0.0 1 0.3
Discoid Centripetal Flake 3 2.0 3 6.0 4 4.3 0.0 10 3.4
Discoid Core–Edge Flake 1 0.7 3 6.0 1 0.0 0.0 5 1.4
Flake 61 40.4 16 32.0 23 23.7 1 100.0 101 33.9
Kombewa Flake 4 2.6 0.0 1 1.1 0.0 5 1.7
Levallois Blade 1 0.7 0.0 0.0 0.0 1 0.3
Levallois Preferential Flake 2 1.3 1 2.0 5 5.4 0.0 8 2.7
Levallois Recurrent Flake 33 21.9 14 28.0 29 29.0 0.0 76 25.1
Overshot Flake 4 2.6 2 4.0 5 5.4 0.0 11 3.7
Predetermining Flake 23 15.2 5 10.0 13 12.9 0.0 41 13.6
Pseudo-Levallois point 3 2.0 1 2.0 6 6.5 0.0 10 3.4
Not determined negative's type 4 2.6 1 2.0 2 2.1 0.0 7 2.3
Blade 1 25.0 0.0 0.0 1 14.3
Core–Edge Flake 1 25.0 1 100.0 0.0 2 28.6

Table 9  Blank negatives and scar patterns across the assemblages subdivided by scar patterns, with relative frequencies of negative types within 
the scar patterns and technological types
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Categories SMR-1 SMR-1E SMR-1W SMR1-exc Total
N % N % N % N % N %

Discoid Centripetal Flake 1 25.0 0.0 0.0 1 14.3
Levallois Recurrent Flake 0.0 0.0 1 50.0 1 14.3
Predetermining Flake 1 25.0 0.0 1 50.0 2 28.6
Unidirectional-Crossed 78 10.8 33 16.8 36 10.2 0.0 147 11.5
Flakes 73 93.6 28 87.5 33 91.7 134 91.8
Core–Edge Flake 12 16.4 3 10.7 9 27.3 24 17.9
Cortical Flake 2 2.7 1 3.6 1 3.0 4 3.0
Flake 30 41.1 8 28.6 6 18.2 44 32.8
Kombewa Flake 6 8.2 7 25.0 3 9.1 16 11.9
Levallois Recurrent Flake 5 6.8 4 14.3 6 18.2 15 11.2
Overshot Flake 1 1.4 1 3.6 1 3.0 3 2.2
Predetermining Flake 14 19.2 4 14.3 7 21.2 25 18.7
Pseudo-Levallois point 3 4.1 0.0 0.0 3 2.2
Blades 1 1.3 0.0 0.0 1 0.7
Levallois Recurrent Flake 1 100.0 1 100.0
Not determined negatives' type 4 5.1 5 12.5 3 8.3 12 7.5
Core–Edge Flake 0.0 1 25.0 0.0 1 9.1
Cortical Flake 1 25.0 0.0 0.0 1 9.1
Flake 1 25.0 1 25.0 0.0 2 18.2
Levallois Blade 1 25.0 0.0 0.0 1 9.1
Levallois Recurrent Flake 1 25.0 2 25.0 0.0 3 18.2
Predetermining Flake 0.0 0.0 3 100.0 3 27.3
Pseudo-Levallois point 0.0 1 25.0 0.0 1 9.1
Not determined negative direction 55 7.6 4 2.1 11 3.1 1 25.0 71 5.6
Flakes 52 94.5 4 100.0 8 72.7 0.0 64 90.1
Core–Edge Flake 0.0 0.0 1 12.5 1 1.6
Flake 45 86.5 4 100.0 7 87.5 56 87.5
Kombewa Flake 6 11.5 0.0 0.0 6 9.4
Predetermining Flake 1 1.9 0.0 0.0 1 1.6
Not determined negatives' type 3 5.5 0.0 3 27.3 1 100.0 7 9.9
Flake 2 66.7 2 66.7 1 100.0 5 71.4
Kombewa Flake 1 33.3 1 33.3 0.0 2 28.6
Unidirectional & Crossed 7 1.0 4 2.1 9 2.5 1 25.0 21 1.7
Flakes 5 71.4 3 75.0 7 77.8 1 100.0 16 76.2
Core–Edge Flake 1 20.0 1 33.3 1 14.3 0.0 3 18.8
Discoid Centripetal Flake 0.0 1 33.3 0.0 0.0 1 6.3
Levallois Blade 1 20.0 0.0 1 14.3 0.0 2 12.5
Levallois Recurrent Flake 0.0 0.0 3 42.9 0.0 3 18.8
Overshot Flake 0.0 0.0 1 14.3 0.0 1 6.3
Predetermining Flake 3 60.0 1 33.3 1 14.3 1 100.0 6 37.5
Not determined negatives' type 2 28.6 1 25.0 2 22.2 0.0 5 23.8
Core–Edge Flake 0.0 1 100.0 0.0 1 20.0
Levallois Blade 1 50.0 0.0 0.0 1 20.0
Levallois Recurrent Flake 0.0 0.0 2 100.0 2 40.0
Predetermining Flake 1 50.0 0.0 0.0 1 20.0
Bidirectional 13 1.8 2 1.0 7 1.7 0.0 22 1.7
Flakes 8 61.5 1 50.0 4 66.7 13 61.9
Core–Edge Flake 1 12.5 0.0 0.0 1 7.7
Flake 1 12.5 1 100.0 2 50.0 4 30.8
Kombewa Flake 0.0 0.0 1 25.0 1 7.7
Levallois Recurrent Flake 1 12.5 0.0 1 25.0 2 15.4
Overshot Flake 3 37.5 0.0 0.0 3 23.1
Predetermining Flake 2 25.0 0.0 0.0 2 15.4

Table 9  (continued) 
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Unidirectional, Centripetal Knapping or both?

While cores in general show an equal split between centrip-
etal and unidirectional scar patterns, blanks mostly display 
a unidirectional scar pattern. Therefore, the coexistence of 
unidirectional and centripetal reductions, or the presence of 
a single reduction sequence switching from unidirectional 
to centripetal, should be addressed. The coexistence of uni-
directional and centripetal reduction patterns is consistent 
with this production strategy. Assessments based on raw 

hierarchical discoid experimental reductions (Table  17). 
SMR1 core-edge flakes internal and external platform 
angles are statistically different from those of hierarchi-
cal discoid backed flakes from the experimental knapping 
(Table 17). Hence, it can be deduced that SMR1 blanks 
have angles mostly comparable with Levallois experi-
mental reductions and different from a bifacial, and more 
importantly, unifacial discoid reduction. Moreover, all 
evidence points to assigning SMR1 knapping products to 
a Levallois-type reduction.

Categories SMR-1 SMR-1E SMR-1W SMR1-exc Total
N % N % N % N % N %

Blades 2 15.4 0.0 0.0 2 9.5
Levallois Blade 1 50.0 1 50.0
Overshot Flake 1 50.0 1 50.0
Not determined negatives' type 3 23.1 1 50.0 3 33.3 7 28.6
Blade 0.0 1 100.0 0.0 1 16.7
Core–Edge Flake 2 66.7 0.0 1 0.0 3 33.3
Flake 0.0 0.0 1 50.0 1 16.7
Levallois Blade 0.0 0.0 1 50.0 1 16.7
Levallois Recurrent Flake 1 33.3 0.0 0.0 1 16.7
Unidirectional & Secant 3 0.4 0.0 3 0.8 0.0 6 0.5
Flakes 3 100.0 3 100.0 6 100.0
Core–Edge Flake 0.0 2 66.7 2 33.3
Discoid Core–Edge Flake 2 66.7 1 33.3 3 50.0
Overshot Flake 1 33.3 0.0 1 16.7
Crossed & Secant 1 0.1 0.0 2 0.6 0.0 3 0.2
Flakes 1 100.0 2 100.0 3 100.0
Discoid Centripetal Flake 0.0 1 50.0 1 33.3
Discoid Core–Edge Flake 1 100.0 0.0 1 33.3
Pseudo-Levallois point 0.0 1 50.0 1 33.3
Unidirectional-Convergent 1 0.1 1 0.5 0.0 0.0 2 0.2
Flakes 1 100.0 1 100.0 2 100.0
Levallois point 0.0 1 100.0 1 50.0
Levallois Recurrent Flake 1 100.0 0.0 1 50.0
Unidirectional & Centripetal 0.0 0.0 2 0.6 0.0 2 0.2
Flakes 1 50.0 1 50.0
Levallois Preferential Flake 1 100.0 1 100.0
Flakes and Blades 1 50.0 1 50.0
Levallois Preferential Flake 1 100.0 1 100.0
Secant 0.0 1 0.5 0.0 0.0 1 0.1
Flakes 1 100.0 1 100.0
Core–Edge Flake 1 100.0 1 100.0
Crossed & Centripetal 0.0 0.0 1 0.3 0.0 1 0.1
Flakes 1 100.0 1 100.0
Levallois Recurrent Flake 1 100.0 1 100.0
Crossed & Unidirectional 0.0 0.0 1 0.3 0.0 1 0.1
Flakes 1 100.0 1 100.0
Levallois Preferential Flake 1 100.0 1 100.0
Centripetal & Secant 1 0.1 0.0 0.0 0.0 1 0.1
Flakes 1 100.0 1 100.0
Discoid Core–Edge Flake 1 100.0 1 100.0
Total 719 100.0 194 100.0 367 100.0 4 100.0 1284 100.0

Table 9  (continued) 
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Categories SMR-1 SMR-1E SMR-1W SMR1-exc Total
N % N % N % N % N %

Levallois Recurrent Flake 42 22.7 15 21.1 58 29.4 0.0 115 25.2
Non-Facetted 34 81.0 13 86.7 37 63.2 84 72.8
Facetted 6 14.3 2 13.3 11 19.3 19 16.7
Dihedral 1 2.4 0.0 9 15.8 10 8.8
Natural 1 2.4 0.0 1 1.8 2 1.8
Core-Edge Flake 36 19.5 18 23.9 38 18.6 0.0 92 19.7
Non-Facetted 28 77.8 14 76.5 24 61.1 66 70.8
Facetted 4 11.1 3 17.6 7 19.4 14 15.7
Dihedral 3 8.3 1 5.9 3 8.3 7 7.9
Natural 1 2.8 0.0 4 11.1 5 5.6
Predetermining Flake 20 10.8 10 14.1 27 13.9 1 50.0 58 12.8
Non-Facetted 17 85.0 8 80.0 21 77.8 1 100.0 47 81.0
Dihedral 1 5.0 1 10.0 4 14.8 0.0 6 10.3
Natural 1 5.0 0.0 2 7.4 0.0 3 5.2
Facetted 1 5.0 1 10.0 0.0 0.0 2 3.4
Overshot Flake 24 13.0 5 7.0 15 7.2 0.0 44 9.5
Non-Facetted 17 70.8 3 60.0 14 92.9 34 76.7
Dihedral 6 25.0 1 20.0 1 7.1 8 18.6
Facetted 1 4.2 1 20.0 0.0 2 4.7
Flake 19 10.3 4 5.6 17 8.8 1 50.0 41 9.1
Non-Facetted 15 78.9 3 75.0 12 70.6 1 100.0 31 75.6
Dihedral 2 10.5 0.0 2 11.8 0.0 4 9.8
Facetted 1 5.3 1 25.0 2 11.8 0.0 4 9.8
Natural 1 5.3 0.0 1 5.9 0.0 2 4.9
Cortical Flake 9 4.9 6 8.5 8 3.6 0.0 23 4.9
Non-Facetted 8 88.9 5 83.3 6 71.4 19 81.8
Facetted 1 11.1 1 16.7 0.0 2 9.1
ND 0.0 0.0 2 28.6 2 9.1
Levallois Blade 9 4.9 3 2.8 9 4.6 0.0 21 4.4
Facetted 4 44.4 1 50.0 3 33.3 8 40.0
Non-Facetted 4 44.4 1 0.0 3 33.3 8 35.0
Dihedral 1 11.1 0.0 2 22.2 3 15.0
Natural 0.0 1 50.0 1 11.1 2 10.0
Kombewa Flake 5 2.7 2 2.8 7 3.6 0.0 14 3.1
Non-Facetted 3 60.0 1 50.0 5 71.4 9 64.3
Natural 2 40.0 0.0 1 14.3 3 21.4
Facetted 0.0 1 50.0 1 14.3 2 14.3
Pseudo-Levallois point 4 2.2 1 1.4 7 3.6 0.0 12 2.7
Non-Facetted 4 100.0 1 100.0 5 71.4 10 83.3
Dihedral 0.0 0.0 2 28.6 2 16.7
Discoid Centripetal Flake 5 2.7 3 4.2 4 2.1 0.0 12 2.7
Non-Facetted 5 100.0 2 66.7 3 75.0 10 83.3
Dihedral 0.0 1 33.3 0.0 1 8.3
Facetted 0.0 0.0 1 25.0 1 8.3
Levallois Preferential Flake 4 2.2 1 1.4 6 3.1 0.0 11 2.4
Non-Facetted 2 50.0 1 100.0 3 50.0 6 54.5
Facetted 1 25.0 0.0 2 33.3 3 27.3
Dihedral 1 25.0 0.0 0.0 1 9.1
Natural 0.0 0.0 1 16.7 1 9.1
Discoid Core-Edge Flake 6 3.2 3 4.2 2 0.5 0.0 11 2.2
Non-Facetted 3 50.0 3 100.0 1 0.0 7 60.0
Dihedral 3 50.0 0.0 1 100.0 4 40.0
Blade 2 1.1 1 1.4 0.0 0.0 3 0.7
Non-Facetted 1 50.0 1 100.0 2 66.7

Table 10  Platform preparation in all the assemblages grouped by technological types
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artefacts exhibiting both unidirectional and crossed reduc-
tion patterns. In another context where Levallois reduction 
is predominant, this pattern was interpreted as a laterally 
migrating striking platform minimizing costly reprepara-
tions of the striking platform (Peresani, 2012). This expla-
nation may account for the abundance of unidirectional 
scar patterns in blanks, reflecting multiple unidirectional 
extractions. Scatterplots of length versus width for cores 
and Levallois recurrent flakes reveal a clear positive cor-
relation within each group, indicating consistent shape scal-
ing across the assemblage. Spearman’s rank correlations are 
strong for all groups (ρ = 0.67–0.88, p < 0.01), confirming 
that longer flakes tend to be wider regardless of scar direc-
tion or type. Examination of the scatter distribution shows 
that unidirectional Levallois recurrent flakes are generally 
longer and exhibit greater variation along the length axis, 
whereas centripetal flakes cluster at shorter lengths, indicat-
ing a smaller overall size (Fig.  15). This pattern suggests 
that centripetal and unidirectional flakes coexisted within 
the same reduction system, following a common techno-
logical logic, with size differences likely reflecting different 
stages of reduction or core exploitation rather than entirely 
separate production strategies.

Discussion

The absence of any organic material associated with the lithic 
assemblage from SMR1 makes it impossible to obtain an 
absolute date. Nevertheless, its techno-typological charac-
ters and the presence of complete reduction sequences allow 
for comparison with the most important Middle Palaeolithic 
assemblages so far investigated in the southern Balkans.

The Dated Assemblages in northwestern 
Greece and Neighbouring Areas

Asprochaliko

Asprochaliko is one of the reference stratigraphies in 
the Balkan Peninsula, especially concerning the Middle 

material procurement suggest that centripetal flaking could 
have been the preferred initial modality for fully cortical 
spherical caps; in contrast, unidirectional products could be 
removed more easily from secondary spherical caps using 
a non-cortical striking platform. There is also evidence of 

Table 11  Minimum, median, maximum dimensions (mm) of complete 
Discoid, Hierarchical Discoid, and Levallois cores across assemblages
Categories Assemblage N Min. Median Max.
Length
Discoid SMR-1 1 56.5 56.5 56.5
Hierarchical Discoid SMR-1 3 48.2 67.8 117
Hierarchical Discoid SMR-1E 3 52.2 53.7 67.0
Hierarchical Discoid SMR-1W 1 45.5 45.5 45.5
Levallois SMR-1 6 39.6 53.4 134
Levallois SMR-1E 6 42.6 54.6 69.6
Levallois SMR-1W 6 41.8 50.2 72.4
Width
Discoid SMR-1 1 41.4 41.4 41.4
Hierarchical Discoid SMR-1 3 51.9 55.2 96.0
Hierarchical Discoid SMR-1E 3 40.6 52.2 62.4
Hierarchical Discoid SMR-1W 1 41.1 41.1 41.1
Levallois SMR-1 6 33.8 55.3 106
Levallois SMR-1E 6 34.4 47.2 77.1
Levallois SMR-1W 6 31.3 56.7 68.4
Thickness
Discoid SMR-1 1 27.5 27.5 27.5
Hierarchical Discoid SMR-1 3 19.2 19.5 40.8
Hierarchical Discoid SMR-1E 3 14.88 20.6 24.89
Hierarchical Discoid SMR-1W 1 13.2 13.2 13.2
Levallois SMR-1 6 14.5 18.4 49.4
Levallois SMR-1E 6 11.3 17.9 22.5
Levallois SMR-1W 6 12.8 14.9 26.5

Table 12  Minimum, median, maximum flaking angles (degrees) of 
complete discoid, hierarchical discoid, and Levallois cores across 
assemblages
Type Assemblage N Min. median Max.
Discoid SMR-1 1 55 55 55
Hierarchical Discoid SMR-1 3 60 65 70
Hierarchical Discoid SMR-1E 3 60 70 80
Hierarchical Discoid SMR-1W 1 80 80 80
Levallois SMR-1 6 55 65 80
Levallois SMR-1E 6 40 62.5 70
Levallois SMR-1W 6 60 65 80

Categories SMR-1 SMR-1E SMR-1W SMR1-exc Total
N % N % N % N % N %

Facetted 1 50.0 0.0 1 33.3
Bladelet 0.0 0.0 2 1.0 0.0 2 0.4
Non-Facetted 2 100.0 2 100.0
Levallois point 0.0 1 1.4 0.0 0.0 1 0.2
Facetted 1 100.0 1 100.0
Total 185 100.0 73 100.0 200 100.0 2 100.0 460 100.0

Table 10  (continued) 
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Type Assemblage N Min. Median Max.
Length
Core-Edge Flake SMR-1 44 13.0 41.8 74.6
Core-Edge Flake SMR-1E 18 24.0 49.9 84.1
Core-Edge Flake SMR-1W 31 22.3 46.8 114.8
Cortical Flake SMR-1 11 18.4 28.9 63.1
Cortical Flake SMR-1E 8 17.6 29.6 89.4
Cortical Flake SMR-1W 8 24.0 49.6 86.6
Discoid Centripetal Flake SMR-1 5 28.1 36.4 52.6
Discoid Centripetal Flake SMR-1E 4 17.0 26.8 45.9
Discoid Centripetal Flake SMR-1W 4 21.9 28.7 38.1
Discoid Core-Edge Flake SMR-1 6 17.1 36.6 38.9
Discoid Core-Edge Flake SMR-1E 3 23.9 40.5 56.3
Discoid Core-Edge Flake SMR-1W 2 41.2 44.5 47.7
Flake SMR-1 30 8.8 21.9 52.1
Flake SMR-1E 5 14.2 22.7 41.6
Flake SMR-1W 12 11.2 23.9 80.7
Kombewa Flake SMR-1 25 8.0 14.0 37.7
Kombewa Flake SMR-1E 5 12.0 38.2 40.2
Kombewa Flake SMR-1W 8 10.6 20.3 68.6
Levallois Recurrent Flake SMR-1 50 20.5 35.0 82.9
Levallois Recurrent Flake SMR-1E 15 25.1 39.7 88.9
Levallois Recurrent Flake SMR-1W 40 17.0 37.6 79.4
Overshot Flake SMR-1 27 14.4 40.4 109.1
Overshot Flake SMR-1E 5 23.3 31.3 87.9
Overshot Flake SMR-1W 15 15.8 26.5 77.0
Width
Core-Edge Flake SMR-1 44 9.6 27.4 90.4
Core-Edge Flake SMR-1E 18 15.0 25.2 76.1
Core-Edge Flake SMR-1W 31 12.6 32.4 78.8
Cortical Flake SMR-1 11 15.9 27.2 47.4
Cortical Flake SMR-1E 8 15.6 30.4 58.7
Cortical Flake SMR-1W 8 26.8 38.8 53.5
Discoid Centripetal Flake SMR-1 5 27.6 36.5 52.4
Discoid Centripetal Flake SMR-1E 4 21.1 32.1 45.9
Discoid Centripetal Flake SMR-1W 4 20.1 31.8 40.3
Discoid Core-Edge Flake SMR-1 6 22.5 28.5 32.7
Discoid Core-Edge Flake SMR-1E 3 26.8 30.4 40.8
Discoid Core-Edge Flake SMR-1W 2 29.9 38.5 47.1
Flake SMR-1 30 7.2 19.9 61.7
Flake SMR-1E 5 19.4 24.2 39.9
Flake SMR-1W 12 12.6 22.3 73.4
Kombewa Flake SMR-1 25 9.3 16.1 45.4
Kombewa Flake SMR-1E 5 10.5 32.1 48.7
Kombewa Flake SMR-1W 8 14.4 20.6 50.8
Levallois Recurrent Flake SMR-1 50 12.7 25.4 79.8
Levallois Recurrent Flake SMR-1E 15 13.7 25.5 51.9
Levallois Recurrent Flake SMR-1W 40 10.9 28.6 74.3
Overshot Flake SMR-1 27 15.8 28.4 61.2
Overshot Flake SMR-1E 5 20.3 25.1 39.3
Overshot Flake SMR-1W 15 12.8 22.7 67.8
Thickness
Core-Edge Flake SMR-1 44 4.4 8.2 18.2
Core-Edge Flake SMR-1E 18 6.2 10.5 18.5
Core-Edge Flake SMR-1W 31 3.8 8.0 42.6

Table 13  Minimum, median, maximum dimensions (mm) of complete blank categories across assemblages. Mean thickness measured only for 
blanks with linear size (length combined with width) larger than 39.99 mm
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level 14 as layer 13 and the Middle Palaeolithic occupations 
extend from layer 14 to 19 (Papaconstantinou, 1989). While 
the radiocarbon dates from the site present some problems, 
especially those of the upper Middle Palaeolithic deposits, 
the thermoluminescence dates from the lowest layers show 
a certain consistency around 100 ka BP (Table 18; Bailey et 
al., 1992; Papaconstantinou, 1989).

The upper Mousterian levels (15–23, 1966 excavations; 
14, 1983 excavations) were attributed to the Micromouste-
rian, characterised by general small dimensions, “crude”, 
retouch, and several pointed artefacts, while the lower 
Mousterian levels (24–30, 1966 excavations; 16–18, 1983 
excavations) were named Basal Mousterian and consisting 
of larger and elongated blanks, with much more platform 
facetting, Levallois centripetal cores, and finer retouched 

Palaeolithic. The rockshelter is located in Epirus, west of the 
Pindos range (Fig. 1, n. 11). The site was excavated between 
1964 and 1966 (Bailey et al., 1992; Higgs & Vita-Finzi, 
1966; Papaconstantinou, 1989). The inner part of the rock-
shelter revealed an in-situ deposit consisting of a 5 m deep 
sequence comprising 30 levels (Higgs & Vita-Finzi, 1966). 
New excavations were conducted in the 1980s, which have 
led to a new interpretation of the sequence with fewer levels 
(Bailey et al., 1992). Moreover, within the rockshelter the 
deposit is divided between the external and the internal part, 
and the internal part is divided into the eastern and west-
ern areas (Papaconstantinou, 1989). Hence, while the 1966 
sequence reports a Gravettian layer in level 9, an occupation 
hiatus in level 14, and Middle Palaeolithic occupations from 
level 15 to 30, the 1983 relabelled the level 9 as layer 10, the 

Type Assemblage N Min. Median Max.
Cortical Flake SMR-1 11 4.5 8.4 11.2
Cortical Flake SMR-1E 8 3.5 8.6 25.9
Cortical Flake SMR-1W 8 6.4 11.2 21.4
Discoid Centripetal Flake SMR-1 5 8.1 12.6 19.0
Discoid Centripetal Flake SMR-1E 4 5.1 8.4 16.7
Discoid Centripetal Flake SMR-1W 4 6.7 8.7 14.1
Discoid Core-Edge Flake SMR-1 6 9.5 11.1 13.0
Discoid Core-Edge Flake SMR-1E 3 8.8 13.4 13.7
Discoid Core-Edge Flake SMR-1W 2 14.9 17.5 20.1
Flake SMR-1 30 0.9 4.4 12.7
Flake SMR-1E 5 4.3 4.9 9.5
Flake SMR-1W 12 2.9 5.4 19.4
Kombewa Flake SMR-1 25 1.6 3.3 13.3
Kombewa Flake SMR-1E 5 2.5 8.8 10.0
Kombewa Flake SMR-1W 8 2.3 4.5 10.8
Levallois Recurrent Flake SMR-1 50 2.3 5.5 24.5
Levallois Recurrent Flake SMR-1E 15 3.9 5.6 10.7
Levallois Recurrent Flake SMR-1W 40 2.0 5.8 15.4
Overshot Flake SMR-1 27 3.1 8.8 15.7
Overshot Flake SMR-1E 5 3.9 4.2 12.2
Overshot Flake SMR-1W 15 3.2 6.2 25.1
Mean Thickness
Core-Edge Flake SMR-1 40 4.5 8.2 17.1
Core-Edge Flake SMR-1E 18 6.2 9.5 18.8
Core-Edge Flake SMR-1W 29 5.0 7.6 33.9
Discoid Centripetal Flake SMR-1 5 6.9 11.8 19.2
Discoid Centripetal Flake SMR-1E 3 6.8 9.9 13.6
Discoid Centripetal Flake SMR-1W 4 6.7 8.2 13.4
Discoid Core-Edge Flake SMR-1 6 9.5 10.6 13.9
Discoid Core-Edge Flake SMR-1E 3 8.8 11.6 13.6
Discoid Core-Edge Flake SMR-1W 2 12.1 13.9 15.7
Levallois Recurrent Flake SMR-1 43 3.9 5.6 24.0
Levallois Recurrent Flake SMR-1E 15 4.1 6.3 10.4
Levallois Recurrent Flake SMR-1W 37 1.9 6.0 15.9
Overshot Flake SMR-1 24 3.0 8.9 13.2
Overshot Flake SMR-1E 5 3.9 4.2 11.3
Overshot Flake SMR-1W 11 3.5 8.2 21.0

Table 13  (continued) 
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endscrapers (Higgs & Vita-Finzi, 1966). Any technologi-
cal change cannot be attributed to a different raw material 
procurement, as the Asprochaliko Mousterian exploited 
pebbles collected from the neighbouring Louros Gorge 
(Ligkovanlis, 2016; Papaconstantinou, 1989). Papacon-
stantinou reanalysed part of the Middle Palaeolithic assem-
blage coming from the upper and lower Mousterian layers 
(Papaconstantinou, 1989). The author reports a mostly 
unidirectional recurrent Levallois method in layer 18, 
with some centripetal modality. Layer 16 is rather difficult 
to assign, as most of the artefacts are fragmented, there 
are fewer cores, and most of the blanks are undiagnos-
tic. Nevertheless, in its upper part, there are several core-
edge flakes and pseudo-Levallois points. Layer 14 shows 
a technological change, as most of the flakes have plain 
platforms and the pseudo-Levallois points, together with 
core-edge flakes, are numerous. The cores are mostly on 
flakes and exploited centripetally. The author concludes 
that the reduction method was rather secant and conducted 
from a single striking platform. For the production of the 
pseudo-Levallois points, he conceives a reduction method, 
named the Asprochaliko method, which is applied to the 
flakes obtained by orthogonal secant reduction (Bailey et 
al., 1992; Papaconstantinou, 1989). The same method can 
be applied to nodules. In both cases, there is an element 
of predetermination to obtain the pseudo-Levallois point 
or the core-edge flake. The Asprochaliko method is essen-
tially a Kombewa method on the ventral face of the for-
mer flake. Therefore, the Asprochaliko Middle Palaeolithic 
stratigraphic sequence identifies a frankly Levallois recur-
rent industry in the lower layers, while the upper layers are 
characterised by a more secant reduction method aimed at 
thicker blanks. Nevertheless, to find analogies, Papacon-
stantinou aligned the Asprochaliko method within the Lev-
allois recurrent centripetal modality (Ligkovanlis, 2016; 
Papaconstantinou, 1989). Subsequent analyses did not 
clarify whether the upper Mousterian layers’ technology 
lies more in the discoidal or Levallois realm (Ligkovanlis, 
2016). The latest analysis (2012) retrieved samples from 
the whole sequence (Ligkovanlis, 2016). The new find-
ings radically changed the technological interpretation as 
the lower layers have a non-Levallois component, mainly 
discoidal and core-on-flake (Kombewa) methods, aimed to 
produce pseudo-Levallois points (Ligkovanlis, 2016). Also, 
the elongated blanks and the absence of recurrent Levallois 
cores do not support assigning the lower layers mostly to 
a Levallois-based reduction (Ligkovanlis, 2016). Further-
more, the Asprochaliko method has now been recognised as 
a variant within the discoidal methods (Ligkovanlis, 2016). 
To sum up, the Asprochaliko Middle Palaeolithic assem-
blages are more technologically uniform than previously 

Table 14  Internal platform angle (IPA) and external platform angle 
(EPA) minimum, median, and maximum values (degrees) in blank 
categories across assemblages. Only complete blanks bigger than 
39.99 mm in linear size (combined length and width)
Type Site N Min. Median Max.
IPA
Core-Edge Flake SMR-1 40 85 110 135
Core-Edge Flake SMR-1E 18 90 110 135
Core-Edge Flake SMR-1W 29 85 105 120
Cortical Flake SMR-1 9 95 107.5 115
Cortical Flake SMR-1E 7 80 112.5 120
Cortical Flake SMR-1W 8 95 105 125
Discoid Centripetal Flake SMR-1 5 115 115 125
Discoid Centripetal Flake SMR-1E 3 100 100 125
Discoid Centripetal Flake SMR-1W 4 105 107.5 125
Discoid Core-Edge Flake SMR-1 6 100 107.5 115
Discoid Core-Edge Flake SMR-1E 3 105 105 115
Discoid Core-Edge Flake SMR-1W 2 105 105 105
Flake SMR-1 18 85 100 120
Flake SMR-1E 4 100 107.5 110
Flake SMR-1W 7 90 105 105
Kombewa Flake SMR-1 9 85 100 105
Kombewa Flake SMR-1E 4 110 115 120
Kombewa Flake SMR-1W 4 100 107.5 115
Levallois Recurrent Flake SMR-1 43 85 100 120
Levallois Recurrent Flake SMR-1E 15 95 105 115
Levallois Recurrent Flake SMR-1W 37 80 105 120
Overshot Flake SMR-1 24 95 110 130
Overshot Flake SMR-1E 5 95 105 120
Overshot Flake SMR-1W 11 95 107.5 130
EPA
Core-Edge Flake SMR-1 40 50 75 90
Core-Edge Flake SMR-1E 18 45 70 90
Core-Edge Flake SMR-1W 29 60 75 90
Cortical Flake SMR-1 9 55 70 95
Cortical Flake SMR-1E 7 50 60 80
Cortical Flake SMR-1W 8 45 77.5 85
Discoid Centripetal Flake SMR-1 5 55 60 60
Discoid Centripetal Flake SMR-1E 3 50 60 75
Discoid Centripetal Flake SMR-1W 4 55 65 70
Discoid Core-Edge Flake SMR-1 6 55 70 85
Discoid Core-Edge Flake SMR-1E 3 60 70 70
Discoid Core-Edge Flake SMR-1W 2 75 77.5 80
Flake SMR-1 18 45 75 90
Flake SMR-1E 4 60 67.5 75
Flake SMR-1W 7 60 72.5 80
Kombewa Flake SMR-1 9 65 75 90
Kombewa Flake SMR-1E 4 60 60 60
Kombewa Flake SMR-1W 4 60 65 70
Levallois Recurrent Flake SMR-1 43 60 75 95
Levallois Recurrent Flake SMR-1E 15 65 70 85
Levallois Recurrent Flake SMR-1W 37 60 75 90
Overshot Flake SMR-1 24 55 75 90
Overshot Flake SMR-1E 5 60 80 85
Overshot Flake SMR-1W 11 65 70 85
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et al., 1964; Higgs & Vita-Finzi, 1966; Papagianni, 1999, 
2000; Tourloukis et al., 2015). The site was discovered in 
1962 during a survey carried out in the Epirote landscape 
(Dakaris et al., 1964). Noticing embedded artefacts and 
artefact scatters next to gully profiles, stratigraphic inves-
tigations were carried out in site α and site β, where three 
main soil depositions were defined (A, B, C – from lower to 
top). Middle Palaeolithic artefacts have been found embed-
ded at the base of zone B (Dakaris et al., 1964). Further geo-
archaeological research at Kokkinopilos suggested either a 

thought. Analogies between SMR1 and Asprochaliko can 
be drawn on the centripetal, mostly on a single surface, 
reduction that is found in both assemblages. Moreover, the 
knapping on ventral faces is a common characteristic.

Kokkinopilos

Kokkinopilos is an open-air site located a few kilometres 
from Asprochaliko (Fig. 1, n. 34). Lithic artefacts have been 
found eroded or embedded in terra rossa soils (Dakaris 

Fig. 10  Retouched artefacts. 
Convex sidescraper: SMR-1W 
G27 195, double rectilinear 
sidescraper: SMR-1W I36 281, 
alternated sidescraper with basal 
thinning: SMR-1W 417, trans-
versal sidescraper: SMR-1W J29 
234, SMR-1 M13 394, simple 
convex sidescraper: SMR-1W 
I31 264, simple rectilinear 
sidescraper: SMR-1W O15 32, 
Mousterian point: SMR-1W S14 
324. (Photographs by Elisabetta 
Starnini)
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is an occurrence of the Levallois method and also bifa-
cially retouched tools associated with the Micoquian or 
Keilmessergruppen technological tradition (Dakaris et al., 
1964; Tourloukis et al., 2015). D. Papagianni provided a 
detailed analysis of site α and site β assemblages within her 
reanalysis of northwestern Greece open-air Middle Palaeo-
lithic surface scatters (Papagianni, 1999, 2000). She found 
that site β mostly shows unidirectional and convergent 
reductions, which correspond to Levallois and prismatic 
cores; the centripetal reductions, either Levallois or dis-
coid, are rarely represented. The modified blanks included 
mostly sidescrapers and Levallois points on unidirectional 
or convergent blanks, and there are also three bifacial 
points (Papagianni, 2000). Site α, despite having a larger 
assemblage, is rather undiagnostic because the artefacts are 
mostly knapping debris and there is a large component of 
Upper Palaeolithic (Gravettian) artefacts. Results for the 

complete reworking of the sediments (Bailey et al., 1992) 
or a complex sedimentary evolution involving the forma-
tion of paleosols and their progressive exposition (van 
Andel, 1998). The topmost paleosol in Kokkinopilos has 
been dated to 91 ± 14 ka by thermoluminescence (Zhou et 
al., 2000). New research carried out at the site revisited the 
sequence studied by van Andel and Runnells. It led to the 
discovery of embedded handaxes and other lithic artefacts 
and concluded that the sediment under the topmost paleosol 
is older than 172± 25 ka and 206 ± 19 ka (Tourloukis et al., 
2015). This research provided new data; while concluding 
that lithic artefacts are likely in situ in a Middle Pleistocene 
sediment, it is unclear whether they are pristine subaerial 
accumulation or more likely to be palimpsests in water-
logged conditions (Tourloukis et al., 2015).

Most of the artefacts retrieved from Kokkinopilos 
have been attributed to the Middle Palaeolithic. There 

Table 15  Retouched artefacts from the assemblages grouped by technological types, classified according to F. Bordes’ typological list (Bordes, 
1961)
Categories SMR-1 SMR-1E SMR-1W Total

N % N % N % N %
Levallois Recurrent Flake 0.0 0.0 7 30.4 7 25.0
10 - simple convex scraper 0.0 0.0 1 4.3 1 3.6
12 - double simple rectilinear scraper 0.0 0.0 1 4.3 1 3.6
29 - alternated scraper 0.0 0.0 1 4.3 1 3.6
42 - notch 0.0 0.0 1 4.3 1 3.6
43 - denticulate 0.0 0.0 1 4.3 1 3.6
6 - Mousterian point 0.0 0.0 1 4.3 1 3.6
9 - simple rectilinear scraper 0.0 0.0 1 4.3 1 3.6
Flake 2 50.0 0.0 4 17.4 6 21.4
12 - double simple rectilinear scraper 0.0 0.0 2 8.7 2 7.1
18 - convergent rectilinear scraper 0.0 0.0 1 4.3 1 3.6
22 - transversal rectilinear scraper 0.0 0.0 1 4.3 1 3.6
9 - simple rectilinear scraper 2 50.0 0.0 0.0 2 7.1
Core-Edge Flake 1 25.0 0.0 4 17.4 5 17.9
10 - simple convex scraper 0.0 0.0 2 8.7 2 7.1
22 - transversal rectilinear scraper 0.0 0.0 1 4.3 1 3.6
23 - convex transversal scraper 1 25.0 0.0 0.0 1 3.6
9 - simple rectilinear scraper 0.0 0.0 1 4.3 1 3.6
Overshot Flake 0.0 0.0 3 13.0 3 10.7
22 - transversal rectilinear scraper 0.0 0.0 1 4.3 1 3.6
9 - simple rectilinear scraper 0.0 0.0 1 4.3 1 3.6
9 - simple straight scraper 0.0 0.0 1 4.3 1 3.6
Levallois Preferential Flake 0.0 0.0 2 8.7 2 7.1
22 - transversal rectilinear scraper 0.0 0.0 2 8.7 1 7.1
Kombewa Flake 0.0 0.0 2 8.7 2 7.1
42 - notch 0.0 0.0 1 4.3 1 3.6
9 - simple straight scraper 0.0 0.0 1 4.3 1 3.6
Levallois Blade 0.0 1 100.0 1 4.3 2 7.1
45 - flakes with retouch on the ventral surface 0.0 1 100.0 0.0 1 3.6
9 - simple rectilinear scraper 0.0 0.0 1 4.3 1 3.6
Predetermining Flake 1 25.0 0.0 0.0 1 3.6
43 - denticulate 1 25.0 0.0 0.0 1 3.6
Total 4 100.0 1 100.0 23 100.0 28 100.0
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the human presence in the cave during the Middle Palaeo-
lithic (Kyparissi-Apostolika, 1999; Kyparissi-Apostolika 
& Manolis, 2021; Panagopoulou, 1999). Attempts to date 
the Middle Palaeolithic deposit have been made through 
radiocarbon, thermoluminescence, and tephrachronol-
ogy; the latter two methods provided the likeliest dating 
(Facorellis et al., 2013; Karkanas et al., 2015; Karkanas 
& Kyparissi-Apostolika, 2024; Kyparissi-Apostolika & 
Manolis, 2021; Valladas et al., 2007). Thermoluminescence 
on burnt lithic artefacts dated layer II2 to 124 ± 16 ka and 
II4 to 129 ± 13 ka, placing them at the transition between 
MIS 6 and 5 (Valladas et al., 2007). Layer II11, attributed 
to the Upper Palaeolithic based on scant lithic artefacts, 
has been dated to 57 ± 6  ka (Facorellis et al., 2013; Val-
ladas et al., 2007). Cryptotephra analysis shows that layer 
II11 is bracketed between > 50 ka and 45.7 ka, while the 

Mousterian diagnostic lithics are mostly akin to those of site 
β, but without bifacial points (Papagianni, 2000).

Theopetra

Theopetra is a cave site in Thessaly, east of the Pindos 
Range (Fig.  1, n. 140). The long sequence spans from 
historic times to the Middle Palaeolithic (Darlas, 2007; 
Facorellis et al., 2013; Karkanas, 1999). As in most caves, 
the deposition is complex and involves events of burrow-
ing and erosion. The Middle Palaeolithic is found in unit 
(Episode) II, which consists of twelve layers (Karkanas, 
1999). Unit II is a water-lain sediment interrupted by burnt 
layers; the most discernible layers are II2, II4, II6, and II11 
(Karkanas, 1999). In addition to lithic assemblages, foot-
prints in layer II2 belonging to a Neanderthal child show 

Fig. 11  Artefacts made of other raw materials than local siliceous lime-
stone. Grey chert: SMR-1E GG104 849, SMR-1 M9 261, SMR-1 N7 
427. Vasilitsa green chert: SMR-1W I29 241. Grey radiolarite: SMR-1 
N4 385, SMR-1W L26 442. Red radiolarite: SMR-1W P12 318, SMR-

1W J25 131, SMR-1 G9 2101, SMR-1 M12 345, SMR-1 L14 373, 
SMR-1E AH110 2220, SMR-1 O12 3070, SMR-1 P12 793. Quartz: 
SMR-1W Q19 279, SMR-1 G5 8. (Photographs by Elisabetta Starnini)
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Categories SMR-1 SMR-1E SMR-1W SMR1-exc Total
N % N % N % N % N %

Siliceous Limestone 1023 94.5 260 97.4 445 96.4 5 100.0 1733 95.4
Blades 51 5.0 14 5.4 19 4.2 0.0 84 4.8
Levallois Recurrent Flake 17 33.3 3 21.4 3 16.7 23 27.7
Levallois Blade 11 21.6 2 14.3 8 44.4 21 25.3
Core-Edge Flake 9 17.6 7 50.0 3 11.1 19 21.7
Overshot Flake 8 15.7 1 7.1 3 16.7 12 14.5
Predetermining Flake 3 5.9 0.0 1 5.6 4 4.8
Blade 1 2.0 1 7.1 0.0 2 2.4
Kombewa Flake 1 2.0 0.0 1 5.6 2 2.4
Cortical Flake 1 2.0 0.0 0.0 1 1.2
Bladelets 9 0.9 3 1.2 2 0.5 0.0 14 0.8
Predetermining Flake 6 66.7 1 33.3 0.0 7 50.0
Bladelet 1 11.1 2 66.7 2 100.0 5 35.7
Levallois Recurrent Flake 2 22.2 0.0 0.0 2 14.3
Cores 18 1.8 12 4.6 16 3.3 0.0 46 2.6
Levallois 11 61.1 6 50.0 9 50.0 26 54.5
Hierarchical Discoid 4 22.2 3 25.0 3 21.4 10 22.7
Expedient 0.0 1 8.3 2 14.3 3 6.8
SSDA 2 11.1 0.0 0.0 2 4.5
Discoid 1 5.6 0.0 1 7.1 2 4.5
Levallois and Hierarchical Discoid 0.0 1 8.3 0.0 1 2.3
Centripetal 0.0 1 8.3 0.0 1 2.3
Prismatic 0.0 0.0 1 7.1 1 2.3
Flakes 705 68.9 191 73.5 355 80.1 4 80.0 1255 72.4
Flake 318 45.1 65 34.0 104 30.1 3 75.0 490 39.4
Levallois Recurrent Flake 83 11.8 37 19.4 81 22.2 0.0 201 15.8
Predetermining Flake 91 12.9 17 8.9 46 12.9 1 25.0 155 12.3
Kombewa Flake 91 12.9 25 13.1 21 5.8 0.0 137 11.0
Core-Edge Flake 48 6.8 15 7.9 48 13.7 0.0 111 8.9
Overshot Flake 29 4.1 6 3.1 19 5.3 0.0 54 4.3
Cortical Flake 16 2.3 13 6.8 10 2.6 0.0 39 3.1
Pseudo-Levallois point 11 1.6 3 1.6 9 2.6 0.0 23 1.9
Discoid Centripetal Flake 8 1.1 5 2.6 6 1.8 0.0 19 1.5
Levallois Preferential Flake 3 0.4 1 0.5 8 2.3 0.0 12 1.0
Discoid Core-Edge Flake 6 0.9 2 1.0 1 0.0 0.0 9 0.6
Levallois Blade 0.0 1 0.5 2 0.6 0.0 3 0.2
Crest 1 0.1 0.0 0.0 0.0 1 0.1
Levallois point 0.0 1 0.5 0.0 0.0 1 0.1
Fragments 240 23.5 40 15.4 53 11.9 1 20.0 334 19.4
Radiolarite 31 2.9 3 1.1 5 1.1 0.0 39 2.2
Blades 0.0 1 33.3 2 40.0 3 7.7
Core-Edge Flake 1 100.0 1 50.0 2 66.7
Levallois Blade 0.0 1 50.0 1 33.3
Flakes 22 71.0 1 33.3 3 60.0 26 66.7
Flake 10 45.5 1 100.0 2 66.7 13 50.0
Levallois Recurrent Flake 3 13.6 0.0 1 33.3 4 15.4
Predetermining Flake 3 13.6 0.0 0.0 3 11.5
Overshot Flake 2 9.1 0.0 0.0 2 7.7
Core-Edge Flake 2 9.1 0.0 0.0 2 7.7
Kombewa Flake 1 4.5 0.0 0.0 1 3.8
Levallois Preferential Flake 1 4.5 0.0 0.0 1 3.8
Fragments 9 29.0 1 33.3 0.0 10 25.6
Grey Chert 10 0.9 0.0 2 0.5 0.0 12 0.7

Table 16  Artefacts divided by raw material across the assemblages and their relative frequencies amongst categories (Blades, Bladelets, Cores, 
Flakes, Fragments) and technological types
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Categories SMR-1 SMR-1E SMR-1W SMR1-exc Total
N % N % N % N % N %

Flakes 7 70.0 1 50.0 8 66.7
Flake 4 57.1 1 100.0 5 62.5
Levallois Recurrent Flake 2 28.6 0.0 2 25.0
Overshot Flake 1 14.3 0.0 1 12.5
Fragments 3 30.0 1 50.0 4 33.3
Other raw materials 5 0.5 0.0 2 0.5 0.0 7 0.4
Blades 2 40.0 0.0 2 28.6
Blade 2 100.0 2 100.0
Flakes 3 60.0 1 50.0 4 57.1
Flake 3 100.0 1 100.0 4 100.0
Fragments 0.0 1 50.0 1 14.3
Green Chert 2 0.2 2 0.0 4 0.9 0.0 8 0.3
Blades 0.0 1 0.0 1 0.0
Levallois Recurrent 1 1
Flake 2 100.0 1 4 100.0 7 100.0
Flake 2 100.0 1 25.0 3 50.0
Levallois Recurrent Flake 0.0 2 50.0 2 33.3
Core-Edge Flake 0.0 1 1 25.0 2 16.7
Quartz 4 0.4 0.0 1 0.2 0.0 5 0.3
Flakes 2 50.0 1 100.0 3 60.0
Flake 2 100.0 0.0 2 66.7
Overshot Flake 0.0 1 100.0 1 33.3
Fragments 2 50.0 0.0 2 40.0
Grey Radiolarite 1 0.1 1 0.4 1 0.2 0.0 3 0.2
Flakes 1 100.0 1 100.0 1 100.0 3 100.0
Cortical Flake 1 100.0 0.0 0.0 1 33.3
Levallois Recurrent Flake 0.0 0.0 1 100.0 1 33.3
Flake 0.0 1 100.0 0.0 1 33.3
Grey radiolarite 2 0.2 0.0 0.0 0.0 2 0.1
Flakes 1 50.0 1 50.0
Predetermining Flake 1 100.0 1 100.0
Fragments 1 50.0 1 50.0
Brown chert 1 0.1 1 0.4 0.0 0.0 2 0.1
Flakes 1 100.0 1 100.0 2 100.0
Flake 1 100.0 0.0 1 50.0
Discoid Core-Edge Flake 0.0 1 100.0 1 50.0
Grey Chert 1 0.1 3 0.4 0.0 0.0 4 0.1
Blades 0.0 1 0.0 1 0.0
Levallois Blade 1 1
Cores 0.0 1 0.0 1 0.0
Prismatic 1 1
Flakes 1 100.0 1 100.0 2 100.0
Cortical Flake 1 100.0 0.0 1 50.0
Core-Edge Flake 0.0 1 100.0 1 50.0
Silicified Breccia 1 0.1 0.0 0.0 0.0 1 0.1
Fragments 1 100.0 1 100.0
Brown radiolarite 1 0.1 0.0 0.0 0.0 1 0.1
Flakes 1 100.0 1 100.0
Predetermining Flake 1 100.0 1 100.0
Quartzite 0.0 0.0 1 0.2 0.0 1 0.1
Flakes 1 100.0 1 100.0
Discoid Core-Edge Flake 1 100.0 1 100.0
Grey Blue chert 0.0 1 0.4 0.0 0.0 1 0.1

Table 16  (continued) 
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is mostly recurrent centripetal, though there is a laminar 
component (Panagopoulou, 1999). In general, the lithic 
artefacts in Theopetra have small dimensions due to the 
intense reduction activity on medium to long-distance raw 
material (Karkanas et al., 2008; Panagopoulou, 1999).

Dalani i Vogël

Dalani i Vogël is part of a complex of findspots along the 
coast of southern Albania (Ruka et al., 2014) (Fig. 1, n. 1). 
The site has an exposed profile due to water erosion of a 
manmade channel and sea action (Badino et al., 2025). Sec-
tion 2/A yielded Middle Palaeolithic artefacts embedded in 
a massive silty clay Unit a, and in the overlaying sandy silty 
Unit b (Badino et al., 2025). Luminescence dates of these 
units are 42.9 ± 1.5  ka (Unit a) and 38.7 ± 1.4  ka (Unit b) 
(Badino et al., 2025).

The few artefacts found embedded in the stratigraphic 
units are complemented by surface finds, which are mostly 
attributed to the Middle Palaeolithic (Badino et al., 2025). 
The lithic technology is characterised by a Levallois recur-
rent centripetal reduction, using small pebbles. Cores and 
products that do not exhibit all the characteristics of Leval-
lois knapping likely follow a centripetal surface knapping 
(Badino et al., 2025).

interface between layers II4 and II5 might coincide with 
a 128–131  ka age, therefore in alignment with the ther-
moluminescence dates (Karkanas et al., 2015). The Mid-
dle Palaeolithic lithic assemblages from Theopetra have 
been attributed to the Quina method in the lower part of 
the sequence, and to the Levallois in the middle and upper 
parts (Panagopoulou, 1999). The raw material is mostly 
radiolarite coming from the Koziakias-Pindos range (Kar-
kanas et al., 2008; Panagopoulou, 1999). The Levallois 

Fig. 13  Siliceous boulder nearly 600 mm long found on Mt. Kirkouri 
slopes (Photograph by Paolo Biagi)

 

Fig. 12  Nodules of raw material 
from Delichmét - Mt. Kirkouri 
watershed, photographed in 2023. 
The calliper’s lines measure up 
to 17 cm (Photographs by Jacopo 
Gennai)

 

Categories SMR-1 SMR-1E SMR-1W SMR1-exc Total
N % N % N % N % N %

Fragments 1 100.0 1 100.0
Total 1082 100.0 271 100.0 461 100.0 5 100.0 1819 100.0

Table 16  (continued) 
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Agia

The site was discovered in the Preveza area during the 
Nikopolis project survey (Fig.  1, n. 12; Runnels & van 
Andel, 2003). The most recognisable technology is the Lev-
allois recurrent centripetal method or a generic centripetal 
flaking (Papagianni, 2000; Spathas, 2023). The data from 

The Evidence from Undated Sites in 
Neighbouring Areas

In addition to the stratified sites, it is important to include in 
the overview the major unstratified or buried but reworked 
assemblages that have been attributed to the Middle 
Palaeolithic.

Fig. 14  Large cores preserving 
a large portion of the original 
nodule shape from SMR-1 and 
la Greklu ridge (Photographs by 
Elisabetta Starnini)
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Fig. 15  Scatterplot of length 
and width in complete Levallois 
recurrent flakes and cores having 
unidirectional and centripetal scar 
patterns and Spearman correla-
tions. Produced in R (R Core 
Team, 2025) with the ggstatsplot 
package (Patil, 2021) by Jacopo 
Gennai

 

Bustos-Peréz experimental blanks SMR1 blanks statistic p. value p. 
adjust
method

test

EPA
Bustos Hierarchical Discoid Backed 
Flake

SMR1
Levallois Recurrent Flake

6.364525 2.66E-08 Holm Dunn

Bustos Discoid Flake SMR1
Levallois Recurrent Flake

6.319838 3.53E-08 Holm Dunn

Bustos Discoid Backed Flake SMR1
Levallois Recurrent Flake

5.747502 1.21E-06 Holm Dunn

Bustos Hierarchical Discoid Flake SMR1
Levallois Recurrent Flake

4.940395 0.000103 Holm Dunn

Bustos Hierarchical Discoid Backed 
Flake

SMR1 Flake 4.837229 0.000171 Holm Dunn

Bustos Discoid Flake SMR1 Flake 4.598213 0.000545 Holm Dunn
Bustos Discoid Backed Flake SMR1 Flake 4.58716 0.000571 Holm Dunn
Bustos Hierarchical Discoid Flake SMR1 Flake 3.768054 0.020072 Holm Dunn
Bustos Hierarchical Discoid Backed 
Flake

SMR1 Core-Edge Flake 3.763273 0.020292 Holm Dunn

IPA
Bustos Hierarchical Discoid Backed 
Flake

SMR1
Levallois Recurrent Flake

6.364525 2.66E-08 Holm Dunn

Bustos Discoid Flake SMR1
Levallois Recurrent Flake

6.319838 3.53E-08 Holm Dunn

Bustos Discoid Backed Flake SMR1 Levallois Recurrent 
Flake

5.747502 1.21E-06 Holm Dunn

Bustos Hierarchical Discoid Flake SMR1 Levallois Recurrent 
Flake

4.940395 0.000103 Holm Dunn

Bustos Hierarchical Discoid Backed 
Flake

SMR1 Flake 4.837229 0.000171 Holm Dunn

Bustos Discoid Flake SMR1 Flake 4.598213 0.000545 Holm Dunn
Bustos Discoid Backed Flake SMR1 Flake 4.58716 0.000571 Holm Dunn
Bustos Hierarchical Discoid Flake SMR1 Flake 3.768054 0.020072 Holm Dunn
Bustos Hierarchical Discoid Backed 
Flake

SMR1 Core-Edge Flake 3.763273 0.020292 Holm Dunn

Table 17  Pairwise statistical com-
parisons of external (EPA) and 
internal (IPA) platform angles 
between blanks from known 
discoid, hierarchical discoid, and 
centripetal Levallois experimen-
tal knapping (Bustos) and SMR1 
ones
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Lefkada and Meganisi

A survey project was conducted on the inner Ionian islands 
that led to the discovery of lithics scatters on the islands 
of Lefkada and Meganisi (Fig.  1; Galanidou, 2014, 2018; 
Galanidou et al., 2022). On Meganisi the lithics were found 
in several findspots all over the island, but also in the islet 
of Kythros (Galanidou, 2018; Galanidou et al., 2022). The 
Maganisi lithics are attributed to Levallois and discoid reduc-
tions (Galanidou et al., 2022). On Kythros, findings have 
been extracted mechanically from breccia sediments and are 
attributed to the Levallois method (Galanidou, 2018). On 
Lefkada, there are several collection areas: Karyotes, Cape 
Doukato, Englouvi, Tsoukoulades, and Marantochori. The 
cores are mostly flat and reduced centripetally, then attrib-
uted to the Levallois method or a surface centripetal method 
(Galanidou et al. 2016b). In Englouvi despite a large number 
of cores, the majority is globular (Galanidou et al. 2016b).

Corfu

The island of Corfu (Fig. 1) was surveyed in 1964–1966. It 
yielded several findspots with Middle Palaeolithic knapped 
stone artefacts (Papagianni, 2000; Sordinas, 1969). The 
analysis of the lithics produced evidence similar to that 
of the Epirus mainland, with abundant centripetal flak-
ing, sometimes Levallois or attributed to the Asprochaliko 
method (Papagianni, 2000).

Istraishta

A lithic surface concentration was found in 2001 (Ruka et 
al., 2025) in the Istraishta Hills (Fig. 1, n. 2), Korça basin 
in southeastern Albania. The technological analysis has 
shown the presence of classical discoid and discoid core-
on-flake reduction, and a few Levallois cores and products 
(Ruka et al., 2025). The discoid core-on-flake reduction, 
also described as Kombewa by the authors, resembles the 
Asprochaliko method.

Karvounari

The Karvounari area is located in the Kokkytos Valley at a 
short distance from the present coast of Epirus. The loca-
tion was found during the survey carried out in 1962 by the 

the unretouched blanks attest to some unidirectional flaking 
too (Papagianni, 2000).

Alonaki

The site was discovered in the Preveza area during the 
Nikopolis project survey (Fig. 1, n. 4; Runnels & van Andel, 
2003). While the Levallois method is used in its recurrent 
centripetal and preferential modalities, most of the cores 
attest a unidirectional prismatic reduction (Papagianni, 
2000). The data from the unretouched blanks confirm this 
tendency towards laminarity (Papagianni, 2000).

Elefterochori 7

Elefterochori 7 is in Epirus, some 40 km from the coast. At 
least 20,000 artefacts were excavated in redeposited terra 
rossa sediments showing two layers (Fig.  1, n. 23; Lig-
kovanlis, 2017; Ligkovanlis et al., 2022). Artefacts belong-
ing to Upper and Middle Palaeolithic typology were mixed 
(Ligkovanlis et al., 2022). The raw material is mostly flint 
of the Vigla formation and was imported on site preformed 
(Ligkovanlis, 2017). The reduction follows the discoid 
method, using the classic unifacial and bifacial modality, 
but also the Asprochaliko method on second-generation 
products (Ligkovanlis, 2016, 2017).

Gortses

The findspot was found during the survey conducted in 
1962 by the British School of Archaeology at Athens 
(Fig.  1. n. 29; Dakaris et al., 1964; Papagianni, 2000). 
The Levallois method is attested in its lineal and recur-
rent centripetal modality, while the unidirectional knap-
ping products could be either stemming from a Levallois 
recurrent unidirectional or a prismatic reduction (Papa-
gianni, 2000).

The Ionian Islands

Surveys have also been carried out on the Ionian islands 
that are at a short distance from the coast of Epirus. There-
fore, they might have been linked to the mainland during a 
marine lowstand or simply reached with rafts (Galanidou, 
2014; Galanidou et al., 2020; Papoulia, 2017).

Table 18  Radiometric dates from Asprochaliko
Layer/level Date ID Date Error Method Technocomplex attribution Reference
9 I.1965 26,100 900 Radiocarbon Upper Palaeolithic (Gravettian) (Higgs & Vita-Finzi, 1966)
19 I.1957 > 39,900 Radiocarbon Middle Palaeolithic (Micromousterian) (Higgs & Vita-Finzi, 1966)
18 ? 102,000 14,000 Thermoluminescence on flint Middle Palaeolithic (Basal Mousterian) (Papaconstantinou, 1989)
18 OxTL299 98,500 12,000 Thermoluminescence on flint Middle Palaeolithic (Basal Mousterian) (Bailey et al., 1992)
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Morfi

The findspot was found in 1962 during a survey conducted 
by the British School of Archaeology at Athens. Recently, 
more surveys and test trenches have been carried out (Fig. 1, 
n. 50; Dakaris et al., 1964; Papagianni, 2000; Thompson et 
al., 2025; Tourloukis et al., 2025). The assemblage shows an 
admixture of Middle and Upper Palaeolithic, and possibly 
later, artefacts. Nevertheless, most of the findings from the 
newest research project have been attributed to the Middle 
Palaeolithic (Thompson et al., 2025). The geoarchaeological 
analyses of the test trenches profiles have shown the pres-
ence of a tephra deposition beneath the layer containing 
lithic artefacts (Tourloukis et al., 2025). The tephra has been 
dated to about 200 ka, providing a terminus post quem for 
the deposits lying above (Tourloukis et al., 2025). The Leval-
lois method, in all its modalities and directions of knapping 
is well attested (Papagianni, 2000; Thompson et al., 2025).

Popovo

The site was found close to Elefterochori during a recent 
survey project (Fig. 1, n. 55; Thompson et al., 2025). It was 
investigated through systematic collection of artefacts on the 
surface, collection of artefacts from exposed profiles, and the 
digging of test trenches (Thompson et al., 2025; Tourloukis 
et al., 2025). The artefacts have been exposed to post-depo-
sitional processes that affected the preservation of the lithics, 
leading to the exclusion of 112 artefacts from the technologi-
cal analyses. Raw material determination is still ongoing, 
but it is difficult due to the high degree of patination of the 
artefacts. In general, both tabular and nodular raw material 
could have been exploited (Thompson et al., 2025). Only the 
surface finds are sufficiently diagnostic to attribute them to 
the Middle Palaeolithic. The assemblage consists of cores, 
flakes, blades, and retouched artefacts. The technological 
analyses point to the use of the Levallois method, mostly 
in the centripetal modality. Although Levallois blades are 
present, there are no cores showing such a production. The 
retouched artefacts are typically Mousterian, mostly consist-
ing of sidescrapers and points (Thompson et al., 2025).

The Central and southern Balkan Peninsula 
Middle Palaeolithic Context

The SMR1 lithic industry studied here fits well into the 
Middle Palaeolithic technological tradition of the Pin-
dos area. Most of the sites involve centripetal reductions, 
either assigned to Levallois or discoid methods. Discerning 
between Levallois and discoid is not a simple endeavour, 
especially in small (a few hundred or fewer) and surface 

British School of Archaeology at Athens (Dakaris et al., 
1964). The site consists of two main surface lithic concentra-
tions, namely Megalo and Mikro Karvounari (Fig. 1, n. 44 
and 47; Galanidou et al. 2016a; Higgs and Vita-Finzi 1966; 
Ligkovanlis 2011, 2017; Papagianni 2000; Papoulia 2011).

The assemblage of Megalo Karvounari from older col-
lections consists mostly of cores and blanks with centripetal 
reductions and unidirectional and convergent specimens. In 
both cases, the Levallois method is predominant. The high-
est frequency of centripetal cores can be related to the final 
production stages (Papagianni, 2000). The new collections 
stem from a more recent survey project (Forsén et al., 2011, 
2016). The Middle Palaeolithic artefacts from the U24 col-
lection area show all steps of reduction. The raw material 
is micro-crystalline flint from the Vigla limestone forma-
tion (Ligkovanlis, 2011, 2017). The Levallois method is the 
most represented, with centripetal, unidirectional and pref-
erential modalities, alongside some prismatic blade knap-
ping (Ligkovanlis, 2011, 2017). The Levallois method is 
found also in other collection areas of Megalo Karvounari. 
Area U6 yielded bifacial tools akin to the Keilmessergruppe 
or Micoquian typologies, while one Quina scraper comes 
from area U7 (Galanidou et al. 2016a).

The assemblage of Mikro Karvounari from the older col-
lections is rather small. The only two cores attest the presence 
of preferential Levallois modality. The unretouched blanks 
include also unidirectional elongated ones (Papagianni, 2000). 
The new collection is much larger, consisting of 978 artefacts 
(Papoulia, 2011). The employed technology mostly relies on 
Levallois, and secondarily discoid methods. The Levallois 
method produced centripetal flakes but also elongated unidi-
rectional and convergent flakes (Papoulia, 2011). Some pris-
matic laminar flaking is present too (Papoulia, 2011).

Site PS43 was discovered in 2007. The site is located 
close to Mikro and Megalo Karvounari. It is a mixed assem-
blage of Late Upper, Upper, and Middle Palaeolithic arte-
facts (Fig. 1, n. 59; Galanidou & Papoulia, 2016). The 108 
artefacts attributable to the Middle Palaeolithic show the 
use of the Levallois method (Galanidou & Papoulia, 2016).

Molondra

Molondra is located in Epirus (Fig. 1, n. 49). Excavations of 
colluvial terra rossa sediments have uncovered 1027 artefacts 
distributed in four layers (Ligkovanlis, 2017; Ligkovanlis et 
al., 2022). Artefacts typologically attributable to the Upper 
and Middle Palaeolithic were found mixed. However, the 
Middle Palaeolithic artefacts outnumber the Upper Palaeo-
lithic ones in the lowermost layer (Ligkovanlis et al., 2022). 
The raw material is mostly flint of the Vigla formation. The 
Levallois method is the most recognisable alongside some 
prismatic elongated production (Ligkovanlis, 2017).
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The average equilibrium line altitude (ELA) was approxi-
mately 1997 m a.s.l. on Mt. Smolikas and 1865 m a.s.l. on 
Mt. Vasilitsa (Hughes et al., 2007). During the Last Glacial 
Cycle, the maximum extent of glaciers occurred between 
30 and 25 thousand years ago; however, glaciers were pres-
ent throughout the Tymphian stage (MIS 5 d to MIS 2) in 
the Pindos Mountains (Leontaritis et al., 2020). On Mount 
Smolikas, small cirque glaciers covered approximately 2.55 
km2 with a mean ELA of 2241 m a.s.l., whereas on Mount 
Vasilitsa, a small glacier occupied an area of 0.12 km2 with 
a mean ELA of 2050 m a.s.l. (Hughes et al., 2007). Conse-
quently, in the Samarina area, glaciers and their landforms 
never occurred at an altitude of 1500  m a.s.l., significant 
for human settlement, during the late Middle and Upper 
Pleistocene.

Long-term vegetation dynamics and the climate sig-
nals revealed in the pollen sequences from Lake Ioannina, 
Lake Prespa, and Lake Ochrid correspond accurately to the 
glacial and interglacial periods as well as the MIS record. 
The locations are situated within the mid-altitudinal zone 
of the southern Balkans, spanning from its lower eleva-
tions to higher altitudes (470  m a.s.l. at Lake Ioannina; 
693  m a.s.l. at Lake Ohrid; 849  m a.s.l. at Lake Prespa). 
All three sites contain sediments that were deposited during 
the Upper Pleistocene. In the Lake Ioannina (Ioannina 284) 
pollen sequence, arboreal pollen (AP) frequency at approxi-
mately 70% characterises forested communities during the 
last interglacial (MIS 5e) and the interstadials of the Last 
Interglacial Complex (LIC) (MIS 5c and 5a). Communi-
ties with intermediate forest cover (AP between 70% and 
40%) prevailed during the LIC stadials (MIS 5 d and 5b) and 
MIS 3. Open vegetation communities with scattered trees 
(AP between 40% and 21%) dominated during MIS 4 and 
MIS 2. Quercus and Pinus are consistently well-represented 
throughout the record. Additionally, during glacial intervals, 
several mesophilous taxa show continuous or nearly con-
tinuous pollen curves, while thermophilous taxa are char-
acterised by intermittent presence. The data clearly indicate 
that temperate tree populations persisted within the region 
throughout the Last Glacial (Tzedakis et al., 2002).

At Lake Ohrid the long pollen sequence is characterised 
by dominance of non-AP (e.g. Poaceae, Chenopodiaceae 
and Artemisia) during glacial periods, while interglacial/
interstadial periods are characterised by expansions of 
woodland (e.g. forests with Abies, Picea, Quercus robur 
type, Q. cerris type) and by increases in AP–Pinus pollen. 
More specifically, mesophilous elements such as deciduous 
and semi-deciduous oaks dominate forest periods of MIS 5 
(Sadori et al., 2016). The Last Interglacial is characterised 
by wet and warm conditions, with temperatures higher than 
today. Subsequently, during the LIC, forested periods (inter-
glacial and interstadials) alternated with periods of a more 

scatter collections. The evidence from SMR1, one of the 
largest and most homogeneous assemblages so far retrieved 
in NW Greece, points to the use of a knapping concept 
involving centripetal and unidirectional products. The 
most interesting and comparable evidence comes from the 
Asprochaliko rock shelter. Here, the technological analyses 
showed the use of a single technological concept through-
out the sequence, involving the production of centripetal 
flakes and pseudo-Levallois points from core-on-flakes 
(Ligkovanlis, 2016; Papaconstantinou, 1989). This is com-
parable to the chaîne opératoire found in SMR1. It probably 
implies that the SMR1 knappers selected a raw material that 
was adapted to their technological concept. Few radiolarite 
artefacts are found in SMR1, which might indicate a wider 
range of procurement within the Pindos (Karkanas et al., 
2008; Ozsvárt et al., 2012), even though some radiolarite 
occur along the Mt. Vasilitsa slopes, a few kilometres away 
from SMR1 (Fig. 2). Looking at the broader picture avail-
able from the Balkans, the technology employed in the Mid-
dle Palaeolithic sites is coherent with that of the Pindos area 
(Dogandžić, 2023; Dogandžić & Đuričić, 2017; Karavanić 
& Banda, 2023).

Paleoenvironmental Framework of the 
Pindos Range Between MIS 5 and MIS 3 and 
Landscape Reconstruction of the Samarina 
Highlands

The Levallois Mousterian artefacts found in the broader 
study area (Biagi et al., 2022), the lithic study from SMR1, 
and comparisons with dated sites on both sides of the Pindos 
range provide evidence that the Samarina mountain land-
scape might have been visited by Neanderthal hunters at 
least as early as MIS 5e and up to early MIS 3. The paleoen-
vironmental characteristics of this mountain landscape at 
about 1500  m a.s.l. during the Upper Pleistocene can be 
assessed based on the regional glacial sequence of Mounts 
Vasilitsa and Smolikas, where catchments encompassing 
the studied sites are located (Biagi et al., 2022; Hughes 
et al., 2007; Leontaritis et al., 2020), and the nearest long 
lacustrine pollen sequences from Lake Ioannina (Tzedakis 
et al., 2002), Lake Prespa (Panagiotopoulos et al., 2013, 
2014) and Lake Ochrid (Sadori et al., 2016; Sinopoli et al., 
2019), which have been correlated to the MIS record and 
the glacial sequence of the area (Leontaritis et al., 2020). 
The glacial history of Mts. Smolikas and Vasilitsa indi-
cate that glaciers formed during MIS 12 and subsequently 
during MIS 6, corresponding to the Skamnelian (MIS 12) 
and Vlasian Stage (MIS 6) within the Greek glacial chro-
nostratigraphy, respectively. During the Vlasian Stage, 
glaciers covered an area of 7.8 km2 (Hughes et al., 2007). 
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with human presence from MIS 5 to early MIS 3. The wet 
and warm conditions of the Last Interglacial would have 
allowed Neanderthal groups to move to highland hunting 
grounds after the retreat of the local glaciers of the Vlasian 
stage (MIS 6) and the amelioration of the climatic condi-
tions. During the Last Glacial Cycle, although glaciers were 
present throughout the Tymphian stage (MIS 5 d to MIS 
2) in the Pindos mountains, their extent was considerably 
reduced compared to the penultimate glacial, and it did not 
reach its maximum until the Last Glacial Maximum. The 
long pollen sequences suggest a sensitive response of veg-
etation to climate change on a regional scale. Intermediate 
conditions in tree populations, interspersed with reductions, 
are observed during the stadials and interstadials of the LIC 
and MIS 3, while open vegetation typical of dry environ-
ments prevailed during MIS 4. After the Last Interglacial, 
the largest reductions in AP appear synchronous with the 
Heinrich events (Leontaritis et al., 2020). According to 
the comparison of the Lake Prespa with the Lake Ioannina 
record, the altitude of 849 m a.s.l. would have been roughly 
the upper distribution limit of drought-sensitive trees during 
the Late Glacial, in particular the MIS 4 (Panagiotopoulos 
et al., 2014). On the mountains of the study area, above this 
altitudinal limit and below the local glacier extent (about 
2000 m a.s.l.), open patchy grasslands would have formed, 
rendering the Samarina mountain landscape attractive for 
animals and hunters alike. The area of Samarina on the Pin-
dus, located at a crossroad between lowlands, might have 
been visited by groups of hunters through mountain passes, 
as suggested for more recent prehistoric and historic peri-
ods (Biagi et al., 2022; De Vingo et al., 2025). The absolute 
dates of the Middle Palaeolithic hearth layers at Theopetra 
Cave may provide supportive evidence for the activity of 
human groups in the lowlands bordering the Pindos Moun-
tains to the east, from the end of MIS 6 to MIS 3, particu-
larly during the last interglacial and the mild intervals of the 
Pleniglacial (Karkanas et al., 2015).

Conclusions

The SMR1 assemblage is a lithic collection of 1819 arte-
facts recovered in a cluster from a precise location and 
without evidence of major post-depositional disturbance. 
The importance of SMR1 stems from its high-altitude loca-
tion, showing for the first time in the southern Balkans the 
exploitation of mountain environment by groups of Nean-
derthals in their seasonal movements. Despite the fact 
that the presence of Neanderthals in the mountains was a 
behaviour known since long (Radmilli, 1965), the Greek 
mountains had never been investigated before searching for 
Palaeolithic sites.

open environment (stadials) (Sinopoli et al., 2019). Open 
vegetation formations typical of dry environments prevail 
during MIS 4 − 2 (PASZ OD-2, 70–14  ka) (Sadori et al., 
2016).

Lake Prespa (core Co1215) has provided a pollen record 
that spans the last 92 ka BP. The base of the pollen record is 
characterised by high AP percentages (> 70%) dominated by 
deciduous trees, suggesting warmer and moister conditions, 
which, according to the age model for the site, correspond to 
MIS 5. Low AP concentrations, dominance of Pinus and dis-
tinct Quercus minima characterise the pollen zones that cor-
respond to MIS 4. Relatively high AP and a prolonged phase 
of moderate Quercus percentages correlate with MIS 3 and 
are interpreted as the signature of increased precipitation 
and higher temperatures compared to the previous MIS 4. 
During the Last Glacial, Quercus pollen is present through-
out the record and potentially the Lake Prespa catchment 
sustained temperate tree populations throughout the period. 
However, AP percentage fluctuations and the intermittent 
appearance and very low values of some drought-sensitive 
taxa, such as Fagus, Ulmus and Tilia, indicate that during 
MIS 4 and MIS 2 conditions were challenging for growth 
at an altitude of 849 m a.s.l. (Panagiotopoulos et al., 2014).

Direct correlation of human settlement and Upper Pleis-
tocene palaeoenvironments is available from the Middle 
Palaeolithic layers at Theopetra Cave. Archaeobotanical 
studies carried out in anthropogenic (hearths) and geogenic 
sediments of the cave aimed to reconstruct past vegeta-
tion under variable climatic conditions from approximately 
140 to 50 thousand years (Karkanas et al., 2015; Ntinou & 
Kyparissi-Apostolika, 2016; Tsartsidou et al., 2015). The 
anthracological evidence indicates dry conditions with 
open park-woodland at the transition from MIS 6 to MIS 
5. In continuation, a succession of temperate woodland 
vegetation followed by more open vegetation reflects the 
last interglacial and subsequent cooling (MIS 5). During 
the Last Glacial, cold and dry conditions are indicated by 
Juniperus-dominated vegetation, while a slight ameliora-
tion during early MIS 3 favoured open woodland expan-
sion. Phytolith analysis of hearths and geogenic sediments 
demonstrated intensive human use of the cave during the 
last interglacial and the milder intervals of the Pleniglacial. 
Overall, the presence of hearths, dated by absolute methods, 
the material culture and archaeobotanical data indicate that 
Middle Palaeolithic groups would have used the site more 
regularly during periods of favourable climatic conditions 
shortly before the beginning of MIS 5, during the Last Inter-
glacial, and the MIS 3.

The glacial record of the SMR1 study area, the three 
long pollen sequences in the same broader region, and the 
archaeological evidence allow for correlating the paleoenvi-
ronmental characteristics of the Samarina alpine landscape 
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