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ABSTRACT
Nahal Dimona 24 is a Middle Paleolithic rock shelter, the first Middle Paleolithic sheltered site identified and exca-
vated in the arid Negev region, southern Israel. The site exhibits at least one well preserved in situ archaeological
horizon that was dated by optically stimulated luminescence (OSL) to MIS 3—4 (Late Middle Paleolithic). The lithic
assemblage from Nahal Dimona 24 is dominated by the centripetal Levallois knapping mode, sharing technologi-
cal characteristics with earlier Middle Paleolithic sites from the southern Levant such as Qafzeh Cave and Nesher
Ramla Quarry. At the same time, Nahal Dimona 24 differs from other late Middle Paleolithic sites mainly in the
paucity of unidirectional convergent Levallois strategy and triangular end-products. Within the southern Levant
Middle Paleolithic, dominance of centripetal Levallois knapping mode has frequently been associated with MIS 5
chronology and is seen by some as a cultural marker of human demic diffusion into the Levant during this time
span. Based on the lithic assemblage and OSL ages from Nahal Dimona 24, we suggest that within the technologi-
cal variability of the Middle Paleolithic in the Levant, the dominance of a specific lithic production mode is not a
sufficient cultural or chronological marker. We further propose that since long stratified sequences may be a result
of many visits by different human groups, short-term occupations like Nahal Dimona 24 might shed new light on
the use of the different modes of Levallois preparation in the late Middle Paleolithic since they may better reflect

the use of specific technological traditions related to Levallois preparation.

INTRODUCTION

Numerous well-documented excavations and detailed

publications of Middle Paleolithic (MP) sites from the
southern Levant yielded a rich and diverse record for this
cultural period that lasted from ~250 ka to ~50 ka, at which
point the first Upper Paleolithic lithic industries appear in
the region (Hovers 2009: appendix 6; Hovers and Belfer-
Cohen 2013). These MP industries include lithic techno-
typological characteristics broadly shared with European
and African lithic traditions of comparable ages (e.g., Lev-
allois, Laminar and Discoidal débitage systems; Bar-Yosef
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and Meignen 1992; Bar-Yosef et al. 1992; Boéda 1995; Bordes
1973, 1988; Delagnes and Meignen 2006; Goren-Inbar 1990;
Hovers 1998, 2009; Jelinek 1981; Picin et al. 2013; Shea
2008; de la Torre et al. 2013). MP lithic assemblages from
the southern Levant conform to a general classification
of the ‘Levantine Mousterian,” characterized by Levallois
technology and moderate frequencies of lightly retouched
side-scrapers (akin to the European ‘typical Mousterian;’
Bar-Yosef 2006). MP assemblages in the southern Levant
are dominated by Levallois as the distinctive (but never ex-
clusive) formal flaking system, and most of the intra-site
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and inter-site variability is manifested in the variable ways
and frequencies of combining methods (i.e., unidirectional,
bidirectional, or centripetal flaking) and modes (recurrent
and preferential) of production. The assemblages are dis-
tinguished based on quantitative technological differences,
for example, scar patterns on Levallois cores and products

(Goren-Inbar and Belfer-Cohen 1998; Hovers and Belfer-

Cohen 2013). This technological variability has long been

explained along a linear chronological sequence, modelled

from the long sequence in Tabun Cave. The chrono- typo-
logical model is rooted in Garrod’s (1934) initial typology-
based chronological division (the ratio of points to scrap-
ers), which she ultimately dismissed. Later, Copeland
(1975) proposed a model of linear chronological changes
in MP lithic variability. Her “Tabun-type’ assemblages were
named after the layers of Tabun cave (B, C, and D types),
each defined by the dominant morphology of Levallois
blanks (i.e., triangular, oval/rectangular, or elongated) and
core preparation methods (unidirectional-convergent, cen-
tripetal, and bidirectional or unidirectional and laminar).

Because technological changes were identified along the

stratigraphic sequence, the implication (made explicit by

Bar-Yosef 1998 [and references therein]) was that each as-

semblage type corresponded to a temporal phase of the

Levantine MP and could be used to determine the chrono-

logical placement of unstratified or undated assemblages.

The model has been challenged based on data from var-
ious sites and absolute chronological determinations that
have been accumulating over the last three decades (see
discussion in Hovers and Belfer-Cohen 2013). For example,
Levallois centripetal flaking methods, both recurrent and
preferential, assigned by the model to sites dating to 130-90
ka (MIS 5) are present in significant frequencies in younger
sites such as Amud (sub-unit B4; 68.5+3.2 ka (Hovers 2004;
Valladas et al. 1999) and Quneitra 53.9+1.7 ka (Goren-Inbar
1990; Ziaei et al. 1990). Still, the dominance of centripetal
Levallois knapping is sometimes categorically linked with
MIS 5 chronology. It is regarded by some researchers as a
cultural marker of modern humans and is associated with
both their dispersal out of Africa (Blinkhorn et al. 2021;
Groucutt et al. 2019; although see, e.g., Ekshtain and Tryon
2019), as well as with a newly defined human population in
the Levant (Zaidner et al. 2021).

The well-preserved assemblage of Nahal Dimona 24
(ND24), originating from a dated context, allows a detailed
comparison to other MP assemblages, aiming to reconstruct
the technological behavior of the hominins who inhabited
ND24 and to conduct an inter-site comparison with other
assemblages from the region and neighboring regions for
a better understanding of role of the centripetal Levallois
phenomenon. This analysis allows us to address two main
questions in Middle Paleolithic research:

1. Is the dominance of a specific production mode a suf-
ficient cultural or chronological marker for assigning
an assemblage to a specific chronological time span
within the MP?

2. How may short-term occupations, such as ND24, in-
form our understanding of the cultural and adaptive

context in which different modes of Levallois produc-
tion were used?

THE SITE OF ND24

ND24 is a rock shelter in the Northeastern arid Negev,
southern Israel (Figure 1a). The rock shelter is situated on
the western bank of a tributary of Nahal Dimona, cutting
into the limestone, dolomite, and chalk strata of the Turoni-
an Shivta and Nezer formations (Figure 1b, c). The terrain
around the site consists of exposed rock surfaces and steep
wadi walls with waterholes along the stream. Small patches
of alluvial terrace sediments are preserved along the wadi
banks. The rock shelter itself is ~30m long and 3-5m deep,
with a sediment profile that is preserved mostly in its
southern and central parts, while rock surfaces are exposed
in its northernmost area (see Figure 1b).

MATERIALS AND METHODS

FIELD WORK

Two excavation seasons were conducted in the rock shelter
during 2018-2019. Excavation was carried out in a 0.25 sq
m grid, in artificial vertical cuts (spits) of 5cm. All sedi-
ments were dry-screened using a 5mm mesh. The location
of finds exceeding 2cm in size was recorded using a total
station. A raw material survey was conducted by foot in the
immediate surroundings (a radius of 1.5-2km) of the site.

OSL DATING

Sediment samples for optically stimulated luminescence
(OSL) dating were collected from within and below the ar-
chaeological horizon of unit 3 (MSD-3, 4 and MSD-1, re-
spectively). As the bedrock is entirely carbonaceous, the
source of the quartz is aeolian, blown in during dust storms
and accumulated at the same time as the archaeological
materials. Given that ND24 is close to the site of Nahal Yit-
nan 7, situated in a similar landscape and within a similar
geological environment with similar quartz particle sourc-
es, OSL field sampling, sample preparation, dose rate eval-
uation, and luminescence measurements closely followed
the protocols used for Nahal Yitnan 7 (details in Oron et al.
[2023]). Briefly, equivalent dose (De) values were measured
on the purified quartz using the OSL signal and the sin-
gle aliquot regenerative (SAR) dose protocol (Murray and
Wintle 2000). Twenty to twenty-five aliquots (2mm) were
measured for each sample, and the average De and errors
were calculated using the central age model (CAM, Gal-
braith and Roberts 2012). Dose rates were calculated from
the concentrations of the radioactive elements U, Th, and K,
measured on the additional sample by ICP-MS (U and Th)
or ICP-OES (K). Moisture contents were estimated at 5+3%,
as appropriate for this arid region, and the cosmic dose was
evaluated from current burial depths.

FLINT ANALYSIS

The study of the lithic assemblages is established as a tool
for understanding human behavior and social processes in
prehistory, since lithic technology is perceived as a material
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Figure 1. a) Regional map showing the location of ND24 and other MP sites; b) the ND24 rock shelter, view from the South; c) geo-
logical map of the site area (Roded 1996) showing the limestone and dolomite rock exposures (in various shades of green) and the main

flint bearing formations (Mishash in red and Hazeva in yellow).

expression of cultural and social norms (Lemonnier 1992;
Tostevin 2012). While it is assumed that lithic manufacture,
as part of human behavior, can reflect functional respons-
es to the environment (Binford 1973; Binford and Binford
1966; Perles 1992), the techno-typological characteristics of
artifacts are also interpreted as part of a complex human
behavior including both functional and cultural compo-
nents (Binford 1973; Bordes 1973; Kuhn 1995; Rolland and
Dibble 1990).

Analysis of the flint assemblage from ND24 was con-
ducted under the reduction sequence concept (Boéda 1995;
Soressi and Geneste 2011), aiming to reconstruct the dif-
ferent technological steps within the reduction sequences,
from the phase of raw material selection and acquisition to
end-products, when possible. Within this framework, it is
assumed that the technological steps reflect choices made
by individuals, based on behaviors familiar to them from
the existing pool of knowledge within a group (namely,
different technological, economic, social, and symbolic op-
tions; Perles 1992).

All artifacts larger than 2cm were described for their
techno-typological aspects according to a list of qualita-

tive and quantitative attributes, under the commonly used
methodology in research of the Levantine MP (Bar-Yosef et
al. 1992; Boéda et al. 1990; Bordes 1980; Goren-Inbar 1990;
Hovers 1997, 2009).

Length and width of blanks were measured according
to their technological axis, while thickness was measured
in maximum point. For cores, the maximum length, width,
thickness, and circumference were recorded. The identifi-
cation of Levallois cores was in accordance with the defini-
tion provided by Boéda (1995; Boéda et al. 1990). Surficial
cores that show two hierarchical surfaces but do not fall
into Boéda’s definition were categorized separately as hi-
erarchical surface cores (Prévost and Zaidner 2020; White
and Ashton 2003). The characteristics of Levallois products
were derived from Boéda’s definition as suggested by Hov-
ers (2009). Retouched artifacts were classified according to
Bordes’ (1961) typological list. Because of the small number
of artifacts that are clearly produced by preferential meth-
ods (see below), we did not separate them from the items
made by recurrent methods.

Artifacts smaller than 2cm were counted and divided
into three groups—flakes (presenting a clear bulb of per-
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cussion), fragment, or burnt (including both micro-flakes
and fragments).

All the assemblages from ND24 were studied using the
same methodology, however the focus of this paper is on
the assemblage from the main archaeological horizon exca-
vated at the site within sedimentological Unit 3 (see below).
The results of the lithic analysis were used to reconstruct
the technological behavior and place it in its regional con-
text. Some specific properties of the assemblage were used
in combination with field observations on the density and
distribution of artifacts to address the question of occupa-
tion duration. We consider the quantitative distribution of
raw materials, the dispersion measures of metric proper-
ties, and the proportional representation of specific techno-
logical categories, artifact densities, and spatial appearance
as potential proxies of occupation length (see Mitki et al.
2021 for a critical review and references).

RESULTS

EXCAVATION AND STRATIGRAPHY

An excavated area of 13m? in the middle of the rock shel-
ter revealed several stratified in situ sedimentological units
partly exposed by slope processes (Figure 2). The upper-
most unit 1 formed as a result of the modern use of the
shelter by local herders and consists of an accumulation of
up to 0.5m of goat and sheep dung and some stone arrange-
ments. This unit mostly covers the inner part of the shelter
(see Figure 2a-c, f). Unit 2 is a hard, cemented carbonate
horizon found only in the inner part of the shelter, from
the modern drip line towards the back wall. It contains
very few small flint artifacts. This unit seems to be mainly a
post-occupation accumulation of dust and chalk that erod-
ed from the shelter walls.

Unit 3 is partly cemented with carbonates in the in-
ner part of the shelter, where the chalk walls are weath-
ering and contributing carbonates to the sediments. The
unit slopes gently to the east, where it is exposed by the
present-day slope erosion approximately 4m from the back
wall of the shelter. Unit 3 contains the main archaeologi-
cal horizon exposed over an area of 13m? The horizon is
approximately 20cm thick and was exposed in all the ex-
cavated squares. Lithic artifacts in this horizon (n=4325)
were embedded mostly horizontally, with an average arti-
fact frequency of 323 items per m? standardized to volume
of excavated sediment, artifact density averages 425 items
(>2cm) per m?® (ranging between 37 and 712, SD=237.3). The
analysis of this assemblage is the main focus of the current
paper (see below).

Units 4 and 5 are loess accumulation units that were
only exposed in two test pits of 0.25m? in the area excavat-
ed near the back wall of the shelter and on the eastern edge
of the excavation areas (see Figure 2d). Unit 4 contains very
few archaeological artifacts and separates the rich archaeo-
logical horizon of unit 3 from the lower horizon found in
Unit 5, which is buried at a depth of 0.5-6m beneath the
surface. This lower archaeological horizon seems to be rich
with lithic artifacts, many of which show signs of burning.

However, given the small exposure areas of units 4 and 5,
additional fieldwork is needed to understand their nature.

The archaeological horizons in ND24 include some
faunal remains, in addition to lithics. The recovery of fau-
nal remains, albeit fragmented, is a rare find in MP sites in
the arid Negev where preservation is typically poor. Most
of these faunal remains are ostrich eggshell fragments
(n=344), but the assemblage includes also some highly frag-
mented mammalian bones (n=92, only four of which are
larger than 2cm). Additionally, one fragment of Glycymeris
sp. (Supplementary Material 1: Figure Sla) was recovered.
The distribution of faunal remains within and between
the archaeological horizons in ND24 is uneven (Figure 3),
possibly indicating post-depositional processes or/and dif-
ferential use of space (for more information on the faunal
remains see Supplementary Material 1).

The spatial distribution of lithic artifacts in Unit 3 is
mostly homogenous, with artifacts exposed in all exca-
vated squares (see Figure 3). Kernel density models of flint
artifacts show two main concentrations in the northern and
southern part of the excavated area. When examining the
spatial distribution of specific lithic categories (e.g., cores,
flakes, Levallois blanks, core trimming elements (CTE’s),
retouched items, etc.), none show a unique pattern that
significantly differs from the general distribution of flint
artifacts. It is possible that these concentrations represent
distinct episodes of human activity. On the other hand,
they are possibly two ‘windows’ into a single occupation
surface, an interpretation that might be in line with the
small size of the rock shelter. Since the excavation area is
discontinuous, the behavioral significance of this distribu-
tion remains equivocal.

OSL AGES

The OSL ages fall within MIS 4-3, ranging from 55+3 ka to
72+4 ka, (Table 1; Supplementary Material 2). The age of
MSD-4 is not stratigraphically coherent with the two other
ages (see Figure 2); it should be similar to or younger than
MSD-3, however, it is significantly older (see Table 1). This
sample is from the inner part of the shelter (behind the
present-day drip line), where the unit is partly cemented
due to the significant contribution of carbonates dissolved
from the shelter walls. In contrast, samples MSD-3 and
MSD-1 originate from the uncemented sediments further to
the east. Possibly, carbonate cementation could have low-
ered the dose rate of sample MSD-4 over time, rendering
the currently measured dose rates incompatible. It should
be noted, however, that dose rates for all samples are very
similar, in the range of 0.93-0.95 Gy/ka, whereas the De
value of the older sample is higher (see Table 1). Due to the
limited number of samples, we cannot determine at present
whether the younger or older ages are more reliable, there-
fore the full range, all within the Late MP, is considered.

THE LITHIC ASSEMBLAGE

The lithic assemblage from ND24 (n=4566, Table 2) origi-
nates mainly from the archaeological horizon of Unit 3.
Some artifacts were collected from the surface around the
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Figure 2. a) The excavation area, view from the south; b) section showing units 1-3; c) the rock shelter plan; d) profile of the rock
shelter, showing the distribution of sedimentological units across the site and in the excavation area; e, f) artifacts in situ during the
exposure of the archaeological horizon in unit 3.
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Figure 3. Kernel maps of artifacts in Unit 3: a) lithics >2cm; b) lithics <2cm; c) ostrich eggshell fragments.

rock shelter as well as from the archaeological horizon
within Unit 5, reached in the lower part of the eastern test
pit (see Table 2). These assemblages are small and will not
be discussed in detail beyond presenting their inventories
(see Table 2).

Raw Material Exploitation

Local Campanian flint of the Mishash Formation is the
most common raw material at ND24 (63.5%), characterized
as generally homogeneous, fine-grained, and semi-translu-
cent brown to gray in color. The Mishash flint was most
likely extracted from an outcrop on the hill above the rock
shelter (~250m from the site, see Figure 1c), where similar
raw material is abundant and flaked Levallois items are
present on the surface. Striped flint typical of the Miocene
conglomerates from the Hazeva group is also available in
the site’s proximity, within the local wadies (see Figure 1c),
yet it is very rare in the assemblage (1.9%). Other types of
raw material knapped at ND24 were not identified in the
immediate surroundings (i.e., in the surveyed area within
a radius of 1.5-2km from the site), and their sources are
currently unknown. Of these unknown raw materials, the
most common is a brown homogenous flint (16% of the as-
semblage). This raw material is represented in all the tech-
nological categories. Importantly, it is the only raw mate-
rial other than the local Mishash flint that was observed

among the cores (Figure 4).

Raw materials among the retouched items show more
variability than in the rest of the assemblage. The local Mi-
shash flint constitutes only 40% of the retouched pieces,
while brown flint appears in higher frequencies among re-
touched items (35%) compared to the debitage categories.
Other types of flint from unknown sources that compose
altogether 7% of the whole assemblage are 20% of the re-
touched items. Cortical items (with more than 50% cortex
on the dorsal face) and core trimming elements (CTE) show
similar compositions to all other debitage items, (with 65%—
75% of Mishash flint, 15%-20% of brown flint, and ~10%
of other raw materials). Mishash flint is the most common
among the Levallois cores (71%), while most of the cores-
on-flake (COFs) are made of brown flint.

Unit 3 Assemblage

The assemblage from unit 3 (see Table 2) is characterized
by high frequencies of debris (62%), mainly chips (<2cm).
Many of the items (51%) show clear flake attributes (bulb of
percussion) and are likely the result of knapping or retouch
activities on-site.

The debitage is dominated by flakes (60.4%), while
blades and bladelets are few (4% and 1.8%, respectively).
Cortical elements and CTEs appear in significant frequen-
cies (7.8% and 9.3% of the debitage respectively). Levallois

TABLE 1. FIELD AND LABORATORY DATA FOR OSL SAMPLES.

Lab Depth K 1) Th Alpha Beta Gamma Cosmic  Dose rate N oD De Age
code (m) (%) (ppm) (ppm) (Gy/ka) (Gy/ka) (Gy/ka) (Gy/ka) (Gy/ka) (%)  (Gy)®»  (ka)
MSD-1 0.6 050 | 0.82 1.6 0.003 0471 0.275 0.203 0.95+0.03 | 25/25 | 10 | 55.6+1.2 | 5843
MSD-3 | 025 | 047 | 0.74 2.0 0.003 0.450 0.276 0.236 0.97+0.03 | 25/25 | 22 | 53.4+2.4 | 5543
MSD-4 | 035 | 048 | 0.83 1.9 0.004 0.466 0.284 0.224 0.98+0.03 | 20/20 | 18 | 69.8+3.0 | 72+4

Grain size for all samples: 90-125 pm. N: number of aliquots used for De calculations. OD overdispersion, a measure of the scatter in the sample beyond
that expected from instrumental noise. Water contents estimated at 5+3%, cosmic dose calculated from current burial depth, not taking into account possible

changes in position of overhang. De and errors were calculated using central age model.
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Unit 3 Unit 5 Surface
n % in category | % in total n % in category | % in total n % in category | % in total
Cortical (>50%) 120 7.8 2.8 0 0.0 0.0 10 11.1 8.3
Flakes 927 60.4 21.4 19 70.4 15.8 40 444 33.1
Blades 61 4.0 14 2 7.4 1.7 3 3.3 25
Bladelets 28 1.8 0.6 1 37 0.8 0 0.0 0.0
Levallois flakes 141 9.2 3.3 1 37 0.8 11 12.2 9.1
Levallois points 11 0.7 0.3 1 3.7 0.8 0 0.0 0.0
Levallois blades 29 1.9 0.7 1 3.7 0.8 1 1.1 0.8
Pseudo Levallois point 5 0.3 0.1 0 0.0 0.0 0 0.0 0.0
Kombewa flake 10 0.7 0.2 0 0.0 0.0 0 0.0 0.0
Resharpen spall 1 0.1 0.0 0 0.0 0.0 0 0.0 0.0
Burin spall 1 0.1 0.0 0 0.0 0.0 0 0.0 0.0
NBK* 62 4.0 14 2 7.4 1.7 S 3.3 25
CTE* 138 9.0 3.2 0 0.0 0.0 22 244 18.2
Total Debitage 1534 100.0 35.5 27 100.0 225 90 100.0 74.4
Tools 92 100.0 2.1 0 0.0 0.0 5 100.0 4.1
Cores 17 100.0 0.4 0 0.0 0.0 5 100.0 41
Chucks 10 0.4 0.2 0 0.0 0.0 0 0.0 0.0
Chips 2672 99.6 61.8 93 100.0 77.5 21 100.0 17.4
Total Debris 2682 100.0 62.0 93 100.0 77.5 21 100.0 17.4
Total 4325 100.0 100.0 120 100.0 100.0 121 100.0 100.0

*NBK: Naturally Backed Knife; CTE: Core Trimming Element.

items, most of which are flakes, are 11.8% of the debitage
and 4.3% of the entire assemblage (see Table 2 for the full
inventory). Cores and retouched items appear in very low
frequencies (0.4% and 2.1% respectively).

The most dominant identifiable reduction sequence repre-
sented in the core and debitage categories of the unit 3 as-
semblage is Levallois flake production, reflected in Leval-
lois index (IL) of 34.9.

Most cores in the assemblage are small (Figure 5), and
their maximum length does not exceed 100mm, with an
average of 62mm. The Levallois cores (n=8, including one
Levallois COF) are split evenly between the recurrent and
preferential flaking concepts and most of them are less than
80mm long and 60mm wide when discarded (see Figure 5).
On seven out of the eight cores, centripetal Levallois flak-
ing was used at the observable last stage of removals. The
remaining core shows a bi-directional scar pattern (Figure
6a). Four non-Levallois COFs were found in unit 3 (Table 3),
two of which are Nahr Ibrahim (Goren-Inbar 1988; Solecki
and Solecki 1970). The COF exhibit 3 to 7 scars removed
from a single striking platform, exploiting mainly one face
of the flake (dorsal in two cases and ventral for the other
two). Two of the blanks for the COF were Levallois flakes.

The short, expedient COF reduction sequences (Fig-
ure 6b) also may have produced Kombewa flakes (n=10).
One non-Levallois hierarchical surface core and a multiple
surface core were also identified. These are highly reduced
and it is difficult to determine if they represent intentional
and separate reduction sequences or had been used initial-
ly as Levallois cores and exploited more expediently when
their geometry did not allow further production of Leval-
lois items (see Table 3).

All the cores from unit 3, apart from the COFs, bear
cortex on the preparation surface. Most of the decortication
stage seems to have taken place out of the site for both local
and non-local raw materials. This inference is supported by
the small size of most of the cortical items, 72% of which
have a maximal length of less than 5cm. However, decor-
tication was non-exhaustive, which resulted in relatively
high numbers of naturally backed knives (NBK) and some
cortical flakes. Five out of the seven Levallois cores were
discarded with more than 50% cortex cover of the prepa-
ration surface. On three of them there are scars indicating
removal of flakes with a cortical back.

Dorsal face scar patterns on both debitage and cores
suggest that the main reduction strategy for the Levallois
sequences was associated with centripetal knapping (e.g.,
centripetal and orthogonal scar patterns), followed by bi-
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Figure 4. Raw material frequencies in different lithic categories.

directional production. Centripetal dorsal face scar pattern
is the most frequent on Levallois cores and blanks as well
as on non-Levallois blanks (Figure 7). Bidirectional dorsal
scar patterns are evident in all groups but most frequent
within the Levallois blanks and the NBKs. The unidirec-
tional-convergent scar pattern is very rare in the ND24 as-
semblage and appears mostly on Levallois blanks, among
which its frequency is 8%. Very few items indicate the use
of preferential reduction methods (a single flake bearing
the ‘horse shoe” scar patterns and three points with classi-
cal Y-pattern).

When separating the orthogonal from the centripetal
scar patterns, Levallois blanks (both retouched and unre-
touched) show nearly the same proportions of bidirectional
and centripetal scar patterns (26% and 21% respectively,
Figures 8a, 9). The various orthogonal scar patterns were
recorded on 17% of the Levallois products. For the non-
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Figure 5. Metric attributes of cores.

Levallois blanks (both retouched and unretouched) the or-
thogonal dorsal scar patterns are the most common ones
(51%) followed by cortical (12%), centripetal (10%), and bi-
directional (8%).

Levallois blanks in the ND24 assemblage are character-
ized by prepared striking platforms, mostly facetted (73%).
Chapeau de gendarme striking platforms are rare (4%, Figure
8b, see Figure 9). The non-Levallois items show less prepa-
ration of the striking platforms with plain platforms being
most common (41%), followed by dihedral (21%) and fac-
etted (18%). Other striking platform types represented in
small quantities are punctiform, crushed, and cortical.

The most frequent shape for Levallois products is sub-
rectangular, and when adjoined with rectangular and oval
items (typically resulting from centripetal flaking; Van Peer
1992; Bar-Yosef 1998) this group constitutes 57.4% of all
Levallois products. Triangular and sub-triangular Levallois

Figure 6. Cores from Unit 3: a) Levallois cores; b) COFs (photos by C. Amit [IAA]).
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TABLE 3. CORE TYPOLOGY.

Core type n %
Levallois core 7 41.2
Levallois core on flake 1 5.9
Hierarchical surface core 1 5.9
Core on flake 4 23.5
Multiple surface core 1 59
Core fragment 3 17.6
Total 17 100.0
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products constitute only 7% and 5%, respectively (Figure
8c). Sub-rectangular and rectangular shapes are also most
frequent for non-Levallois items (43%), followed by irregu-
lar (25%) and oval (11%) items.

The average number of dorsal scars on Levallois blanks
is 6.1 (s.d. 2.2), with more than half of the items showing
four to six scars and few with less than three or more than
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Figure 7. Dorsal face scar patterns on all items from ND24 (re-
touched items are included in each category acording to blank;
CTEs and NBKs include Levallois and non-Levallois; broken and
unidentifiable items are excluded).
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Figure 8. Technological attributes of Levallois blanks: a) dorsal face scar pattern; b) types of striking platforms; c) blank shape; d)
number of dorsal scars. (Retouched items are included in each category acording to blank; broken and unidentifiable are excluded.)
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Figure 9. Levallois flakes from unit 3 showing centripetal (a-f) and bi-directional (3-i) dorsal scar patterns (drawings by S. Alon).

ten (Figure 8d). Non-Levallois blanks have less dorsal scars;
in 51% of these items there are only up to three scars.

Both Levallois cores and Levallois flakes bearing bidi-
rectional scar patterns are longer in average compared to
all other items, with the exception of non-Levallois cortical
items that are slightly longer in average (Figure 10). This
size distribution may suggest that centripetal and bidirec-
tional strategies were used in the same sequences, starting
with bidirectional production and moving to centripetal
exploitation. The single Levallois core bearing a bidirec-

tional scar pattern is larger than all other Levallois cores,
which bear centripetal patterns and are rather exhausted.
Levallois points and blades are slightly longer on average
than Levallois flakes and CTE’s; however, the size differ-
ences among Levallois blanks are not statistically signifi-
cant (Supplementary Material 3).

The convexity of the flaking surface of Levallois cores
was maintained by the removal of NBKs and debordant
flakes, including partial debordants and pseudo-Levallois
points (Figures 11, 12). Other ways for core maintenance
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Figure 10 Average maximal length of Levallois cores and blanks
and non-Levallois blanks with different dorsal scar patterns.

were surface cleaning after knapping mistakes such as
hinges, by renewing the surface with a removal of large, in
some cases overshot, flakes (see Figures 11, 12).

The lithic assemblage of unit 3 includes 92 retouched items
(Table 4, Figure 13) that are 2.1% of the assemblage and 5.6%
of the items larger than 2cm. The most common type is re-
touched flakes (37%), followed by the side-scraper group
(25%), and notched and denticulated items (16.3%). End-
scrapers, burins, and truncated items are rare in the unit 3
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Figure 11. Types of CTEs (retouched and unretouched).

assemblage; together they constitute 5.4% of all retouched
items. The most common blanks among the retouched
items are Levallois and non-Levallois flakes (Figure 14),
41.3% and 26.1%, respectively. Other types of blanks are
significantly less frequent, including Levallois points and
blades (7.6% and 6.5%, respectively).

Several limestone objects were also found in unit 3, only
two of which show clear modifications and traces of use
and may have been used as hammerstones (Figure 15).

Fiqure 12. a) CTEs from unit 3: 1) overshot; 2-3) debordant; 4-5) partial debordant; b) refitted NBK used for convexity mainte-
nance after the removal of a Levallois flake (photos by C. Amit [IAA] and M. Oron).
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TABLE 4. RETOUCHED ITEM TYPES IN UNIT 3.

Typology n %
Retouched Levallois point 2 2.2
Single straight scraper 5 5.4
Single convex side scraper 15 16.3
Single concave side scraper 1 1.1
Double side scraper 2 22
End scraper 1 1.1
Burin 2 22
Truncation 2 22
Notch 10 10.9
Denticulate 5 54
Retouched flake 34 37.0
Retouched blade 7 7.6
Massive tool 1 1.1
Tool fragment 5 54
Total 92 | 100.0

Others may be manuports or a result of natural weathering
of the local limestone in the shelter.

DISCUSSION

Short-term occupations are often interpreted as task spe-
cific localities within a logistic satellite site system. Some of
these are associated with a curated tool-kit used by highly
mobile groups (Binford 1979; Kuhn 1992, 1995). Within this
context, Kuhn (1994) proposed that the geometry and di-
mensions of Levallois cores and blanks provide high po-
tential utility relative to their mass, making them cost-ef-
fective in contexts of transport. Following this logic, Centi
and Zaidner (2020) suggested that large and flat Levallois
flakes and highly productive Levallois cores were compo-
nents of the hunter-gatherers” mobile toolkit in low density
occupations along the sequence of Nesher Ramla Quarry
(NRQ). Further, low densities of lithic artifacts have also
been linked to a relative abundance of retouched items and
more intensively retouched tools (Centi and Zaidner 2020;
Clark and Barton 2017, Kuhn and Clark 2015; Riel-Salva-
tore and Barton 2004). The well-preserved archaeological
horizon excavated in unit 3 is relatively shallow, without
visible spatial features and shows relatively low artifact
densities, all suggesting that it represents a short-term oc-
cupation, or a few repeated short visits to the site (Barton
and Riel-Salvatore 2014; Binford 1980; Clark and Barton
2017; Mitki et al. 2021).

The technological organization of the ND24 assem-
blage shows a mixture of attributes that does not support
one simple interpretation of site function. The low num-
ber of retouched items and the lightly retouched tools do
not fit the expected relationship between low densities of
artifacts and high frequencies of retouched items. A main

reason for that is most likely that knapping, being a sig-
nificant activity contributing to the accumulation of unit 3
lithic assemblage, produced high frequencies of debitage
and CTEs. The technological characteristics and the differ-
ences in dimensions of the various artifact classes observed
in the assemblage suggest that the initial stages of reduc-
tion took place off-site (e.g., the small size of cortical items
and non-Levallois debitage). Still, flint knapping appears to
have been one of the activities conducted on-site, as cores
were most likely brought to the site at least partly decor-
ticated. This seems to be the case for both the local semi-
translucent raw material of the Mishash formation outcrop
as well as for the allochthonous brown flint used for both
Levallois and COFs reduction. The composition of raw ma-
terials of the small collection of retouched items is variable
compared to the rest of the assemblage, which suggests
that many of them were introduced into the site as blanks
or as already modified tools, some from more distant areas.
Given the low frequencies of retouched items, retouch may
not have been an important part of the reduction sequence
carried out. Alternatively, retouched items may have been
produced and removed from the site after their production
and/or use. The latter scenario is indeed suggested by the
large number of micro-flakes that could derive from plat-
form faceting or from retouching the artifacts.

On the other hand, prepared Levallois cores and large
flakes were brought from distant location(s) and used in
the site, although raw material availability was not a con-
straint in ND24. The dominance of Levallois production
and use of large Levallois flakes (as tools and COFs) in the
assemblage of unit 3 are consistent with the use of these
items as part of a mobile toolkit. The scarcity of cores com-
pared to debitage suggests similar behavior, either in the
form of off-site core transportation or a high frequency of
imported flakes.

Currently, it is hard to understand the role of the short-
term occupation in ND24 within its local strategic mobility
system, due in part to the poor preservation of the faunal
remains and to the lack of other sites dated to the late MP
in the Dimona area. Nonetheless, the composition of the as-
semblage and the significant levels of transport of both raw
materials and of lithic products in different stages of reduc-
tion into the locality (and possibly out of it) points towards
a dynamic system of high mobility, typically indicating
short-term occupation(s) (e.g., Mitki et al. 2021). Combined
with the depositional history reconstructed from our field
observations, the data suggest that the lithic assemblage of
ND24 is a result of a short-term campsite where probably a
mixture of activities took place.

ND24 AND LITHIC VARIABILITY IN THE MP

All of the Levallois reduction methods are present in all MP
assemblages in the southern Levant. MP lithic variability, in
general, and during the late MP in particular, is manifested
in nuanced differences in the frequencies of combinations
of modes and methods of Levallois production (e.g., the
Levallois preferential or recurrent modes and unidirec-
tional, bidirectional, or centripetal methods for shaping the
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Figure 13. Retouched items: a-d) side scrapers; e-g) retouched Levallois blanks; h) notched flake (drawings by S. Alon; photos by C.
Amit [IAA]).

core flaking surface; Hovers and Belfer-Cohen 2013), often = Mitki et al. 2021). This is most prominent in the late MP,
appearing with other formal flaking systems (e.g., semi- but evident also in MIS 5 sites, and to a lesser degree also in
rotated cores; Malinsky-Buller et al. 2014; Meignen 1998; the Early MP sites (Figure 16; Supplementary Material 4).
This technological variability has long been explained by a

linear chronological model based on the long sequence in

45% Tabun Cave (Bar-Yosef 1998; Copeland 1975; Jelinek 1975,
40% 1982). More recently, this model has been challenged by ac-
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Figure 15. Limestone artifact used as a hammerstone (photos by
Figure 14. Frequencies of blanks of the retouched items. M. Oron).



14 © PaleoAnthropology 2025:1

a100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%

Geula N —
Qafzeh Vila I -
Qafzeh X I
Qafzeh X| I
Qafzeh X|| I
Qafzeh XII|
Qafzeh |V I
Qafzeh XV I

Qafzeh XVII

Nesher Ramla | I

o=
o
IS
T
14
—
@
<
@
[0}
=z

Nesher Ramla lll

Mid MP

<
o
IS
[V
o
—
o
<
[}
(]
z
= Convergent
P
IS
[
o
@
<
[7]
()]
z

Mid MP
® Convergent

u Centripetal

b 100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Geula
A
B

Qafzeh Vlla
Qafzeh IV
Qafzeh XV

Qafzeh IX
Qafzeh XVII

Abou-Sif C  mmmm— s —
Mislya L10

Qafzeh Xll

Qafzeh XIlI

Nesher Ramla lll

Nesher Ramla Il
Nesher Ramla Il

Early MP
u Centripetal

N.Agev (unit 11)

N.Agev (unit 11)

= Unidirectional

= Unidirectional

N.Agev (unit 7)

N.Agev (unit 7)

om
o
=
IS
<

m Bidirectional

Amud B2 I ——
Amud B4 I E——
Kebara V|
Kebara VIl
Kebara IX I
Kebara X
Kebara X| s .
Qunietra A I
Qunietra B I
E.Qashish I
E.Qashish C e
N.Dimona 24 I

N.Agev (Lev3)
Umm el Tlel V2 Ba
Umm el Tlel V2 “a p.

Late MP
m Other/not reported

Late MP
m Other/not reported

Amud B1 memm— s —
Amud B2 s m—|
NMO s

Farah |l 1976 meesssssssss——
Farah |1 2007 s
Rosh ein mor s —
N.Dimona 24 s

N.Agev (Lev3)
Amud B4
Kebara V
Kebara VI
Kebara VII
Kebara VIII
Kebara IX
Kebara X
Kebara Xl
Kebara Xl|
E.Qashish C

Umm el Tlel V2 Ba  n——s m——
Umm el Tlel V2 "a p. - mm—

m Bidirectional
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Goder-Goldberger et al. 2020; Hovers 2004, 2009; Hovers et al. 2008; Meignen 2019; Mitki et al. 2021; Munday 1976, Pagli 2013;

Prévost and Zaidner 2020; Shimelmitz and Kuhn 2013; Wojtczak and Malinsky-Buller 2022; Zaidner and Weinstein-Evron 2012,
2020). *NMO data is unpublished.

cumulating data, additional research, and changes in theo-
retical approaches (Goren-Inbar and Belfer-Cohen 1998;
Hovers 1997, 1998; Hovers and Belfer-Cohen 2013).

Still, this linear chronological model remains influen-

tial in Levantine MP studies, due to several characteristics
of MP lithic assemblages in the region:

The relative technological homogeneity of the Early
MP assemblages (dated to between 250 ka and 160 ka),
characterized by laminar and unidirectional Levallois
reduction modes (Shimelmitz and Kuhn 2013; Wojtc-
zak and Malinsky-Buller 2022; Zaidner and Weinstein-

Evron 2020).

The prevalence of centripetal Levallois reduction, pur-
portedly in sites dating to MIS 5 (120-90 ka), such as
Qafzeh (layers XXIV-XV) (Hovers 2009: 267-273; Val-
ladas et al. 1988) and NRQ (Prévost and Zaidner 2020;
Zaidner et al. 2021).

The prevalence of the unidirectional convergent flaking
methods in many late MP sites (dating to between 70 ka
and 50 ka) such as Amud (sub-units B2 and B1) and Ke-
bara (especially units X-IX) in the Mediterranean zone
(Hovers 1998, 2004, 2009; Meignen and Bar-Yosef 1992;
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Valladas et al. 1999), Lower Besor sites in the northern

Negev (Goder-Goldberger et al. 2020, 2023), Tor Sabiha

and Tor Faraj in southern Jordan (Groucutt 2014; Hen-

ry and Miller 1992; Henry 1995), and Hummal Al in

Syria (Hauck 2011).

When the full spectrum of the Levantine MP record
is considered, a more complex picture emerges. In Tabun
Cave, layer C that is dominated by centripetal Levallois
mode yielded somewhat older dates than Qafzeh cave or
NRQ (13448 to 178+10 ka, Mercier and Valladas 2003), and
the relevant assemblage from Layer B is currently poorly
dated (Hovers 2009: Appendix 6). Long sequences in multi-
layer sites, mainly when post-dating the early MP, show
some technological variability between assemblages (Centi
and Zaidner 2020; Ekshtain and Tryon 2019; Hovers 1998,
2009). Centripetal Levallois flaking is present in significant
frequencies also in MP assemblages such as Amud (sub-
unit B4, Hovers 2004), Kebara (Abadi et al. 2020), and Qu-
neitra (Goren-Inbar 1990), dated to MIS 4-3. In fact, high
technological variability, both within the Levallois produc-
tion system and in the use of other modes of production, is
perceived as a central characteristic of the Late MP in the
Levant (Abadi et al. 2020; Goder-Goldberger 2020; Hovers
1998).

Different explanations, rooted in different theoretical
frameworks and sometimes based on different data sets,
were proposed for the technological variability between
and within assemblages in the southern Levant. Meignen
and Bar-Yosef (1992) suggested that the linear chronologi-
cal trend (e.g., the Tabun Model) could be explained by
changes of technological traditions that were adopted se-
quentially by human groups in the southern Levant, result-
ing in a linear trend of technological change. Based on the
assumption that ameliorated climate conditions (i.e., higher
water availability) would lead to more ‘downtime,” hence
promoting higher investment in core preparation, Munday
(1979) linked the abundance of broad and short Levallois
debitage with dry climatic conditions. Conversely, conver-
gent Levallois flaking and the production of elongated deb-
itage, arguably requiring more intensive core preparation,
were produced more abundantly during periods of higher
participation, which in the arid Negev would be more ben-
eficial.

Lithic variability in the Levantine MP has also been
attributed to the presence of two hominin species in the
region during this time span. Jelinek (1977, 1982) noted a
decrease in the variance of width/thickness ratio of flakes
along the Tabun sequence. Premising that modern hu-
mans were responsible for the later assemblages at this
site, and that they had superior manual skills that allowed
them better control over flake shapes and dimensions, he
attributed the decreased variance to the replacement of Le-
vantine Neanderthals by modern humans. Lieberman and
Shea (1994; Shea 1998) suggested that MP modern humans
and Neanderthal relied on different ways of mobility (but
see Lieberman 1998) and distinct strategies of hunting, a
behavioral difference that they linked directly to the lithic
assemblages. In this scenario, pointed Levallois items were

hunting tools used by Neanderthal populations in a more
technology-dependent hunting strategy compared to mod-
ern humans.

More recently, Shea (2006) emphasized the similarities
between assemblages in the southern Levant MP, arguing
that a process of convergence (rather than cultural trans-
mission between populations) was the main ‘homogeniz-
ing’ factor. He argued that whatever variability existed in
key lithic technological elements was recursive and related
to the discontinuous occupation in the Levant by either Ne-
anderthals or modern humans. To him, the recognizable
differences in the nature of reduction sequences between
the lithic industries of MIS 5 (Qafzeh and Skhul) and later
MP assemblages (Kebara, Amud) reflect the movements of
the two human populations into the region, followed by
their local extinctions and replacement by their competi-
tors (see also Rak 1993). This scenario again aligns with the
Tabun sequence as a model and yardstick for the main tra-
jectories of change in the Levantine MP. Importantly, the
argument hangs on the perception of biological separation
of Neanderthals and moderns into distinct species (Shea
2006: 202), which is not supported by current paleogenetic
evidence. Indeed, paleogenetic data led to an inference that
hybridization between African and Neanderthal popula-
tions took place in western Asia prior to MIS 5 (Posth et al.
2017).

Another factor to be considered in this context is cultur-
al norms and traditions. The foundation for this approach
lies in the view of a lithic assemblage as an outcome of the
set of decisions planned and implemented by knappers fol-
lowing learned knowledge (Lemonnier 1992; Schiffer and
Skibo 1987; Tostevin 2000). The ‘know-how’ is passed on
from one generation to another, and if maintained through
time, it is manifested in regional cultural traditions that can
be identified by technological traits (Boyd et al. 2013; Foley
and Lahr 2003). Similarities in lithic assemblages across
continuous space and time are considered a reflection of
contact and social interaction, assuming that the degree
and depth of cultural transmission is related to the degree
of social intimacy. Higher similarities among assemblages
in distinct stages of the whole reduction sequence (from
the preparation of the core, through blank morphology to
the final knapping product and the social context it was
used in) indicate higher rates of contact and transmission
(Tostevin 2012, 2019).

Overall, the regional database does not support simple
single-cause explanations (e.g., climatic change, raw mate-
rial availability, or a rigid dichotomy between hominin spe-
cies) as the main drivers of technological variability within
and between MP assemblages in the Levant in the Mediter-
ranean zone (Hovers 2006, 2009).

For the arid zone, some researchers focused on mobil-
ity patterns as determined by environmental factors, spe-
cifically the differences between the Mediterranean zone
and the arid environment. For example, Crew (1975) sug-
gested that the arid conditions resulted in short duration
of occupations in the desert sites; combined with availabil-
ity of raw material, this led to less core preparation and as
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a result shorter and thicker Levallois products and lower
percentages of side-scrapers. Shea (1998) interpreted the
higher percentage of points in the Negev sites (compared
to the Mediterranean zone sites) as a reflection of distinct
hunting strategies in response to differences in resource
structure due to environmental conditions. Following the
intensive fieldwork carried by the Central Negev Project
in the Zin area, Munday (1976) as well as Marks and Fre-
idel (1977) attempted to reconstruct settlement patterns and
inter-site lithic technological variability, mainly related to
local raw material and water sources. More recently Pa-
gli (2013) showed that differences in the lithic variability
of the arid El Kowm in Syria, in the inland regions of the
Levant, compared with the Mediterranean environment,
can be explained by different mobility patterns of human
groups. In her view, the nature of changes within each se-
quence included in her study is best explained by distinct
separate occupation periods, reflecting long-distance mo-
bility of different human groups in the desert sites in con-
trast to continuous occupation in the Mediterranean zone
sites. Bonilauri et al. (2023) suggested that some aspects of
the technological variability within the El Kowm basin may
have resulted from increased mobility and cultural interac-
tion between the MP populations of the Syrian Plateau and
those in the Southern Levant or even central Saudi Arabia
during MIS 5a and early MIS 4.

The effects of cultural processes on the arid Negev area
have received far less attention in the literature, partly due
to the rarity of assemblages from well-preserved, dated
contexts. This situation, however, has changed recently.
Some workers focused on techno-typological similarities
between assemblages from the arid regions of the southern
Levant and the Mediterranean zone, interpreting them as
an indication of cultural similarities. In such scenarios, the
similarity in lithic technology is deemed to reflect move-
ments of people and ideas into the arid region, facilitated
during periods of ameliorated climatic conditions (i.e.,
higher water availability) (Barzilai et al. 2022; Goder-Gold-
berger et al. 2016; Henry 2003). Hovers (2001, 2009; Hovers
and Belfer-Cohen 2013) suggested that during the late MP,
groups moving within the Mediterranean zone of the south-
ern Levant occupied smaller and more densely packed ter-
ritories, such that adherence to a group’s cultural norms
created site-specific/regional technological traditions (and
see Krakovsky 2017; Krakovsky et al. in prep.), regardless
of any putative biological assignation. Studies of the lithic
material from NRQ, pointing to site-specific technological
idiosyncrasies (Centi et al. 2019; Prevost et al. 2020; Zaidner
et al. 2021) are consistent with this conclusion.

The lithic assemblage from unit 3 in ND24 is dominated
by the centripetal Levallois flaking method, with centripe-
tal scar patters on 80% of the Levallois cores and 55% of the
Levallois products, followed by significant use (20% and
33% respectively) of bidirectional Levallois flaking. These
technological choices closely resemble those seen in MIS 5
assemblages in the southern Levant, e.g., Qafzeh Cave in
northern Israel and Nahal Agev in the Central Negev (see
Figure 16; Supplementary Material 4, Tables S1, S2). In Qa-

fzeh, centripetal Levallois flaking is dominant in all layers
(apart from XV), with a heavier tendency toward the pref-
erential mode in the older assemblages; bidirectional flak-
ing also appears in significant frequencies (Hovers 2009).
In Nahal Agev, the lithic assemblages dated to MIS 5 show
a preference for centripetal Levallois flaking, observed on
50%-86% of the Levallois cores and 57%—62% of the Leval-
lois products (Barzilai et al. 2022). Despite its late MP date,
the ND24 assemblage is more closely aligned with those
two assemblages and is clearly different technologically
from contemporaneous assemblages such as those of Ke-
bara and Amud in the Mediterranean zone. In both sites,
centripetal scar patterns are present in lower frequencies
(17%-38% of the Levallois cores and 14%-31% of the prod-
ucts) and unidirectional and convergent scar patterns ap-
pear in high frequencies (Hovers 1998, 2004, 2009; Meignen
and Bar-Yosef 1992; Valladas et al. 1999).

The lower Besor sites of Farah II, B27, and B37 (Goder-
Goldberger et al. 2020, 2023) are of special interest here.
These sites, located in the northern Negev ~55km northwest
of ND24, are broadly contemporaneous with it. Like the as-
semblage of unit 3 in ND24, the Besor sites are interpreted
as short-term occupations and also show very homogenous
technological composition as reflected in the Levallois re-
duction (although it is not the only reduction sequence).
In contrast to ND24, the dominant Levallois flaking mode
in these sites is unidirectional convergent. This underlines
the lack of inherent dependence between the prevalence of
a specific Levallois flaking method and a chronological or
even geographical context within the Levantine Late MP.
The differences in the technological choices between the as-
semblages of ND24 and the lower Besor sites may be most
feasibly explained by the existence of different technologi-
cal traditions.

Further, it may be suggested that the relative techno-
logical homogeneity of the Negev assemblages stems from
high mobility strategies that result in shorter and more spo-
radic visits compared to the extensive occupation of some
sites in the Mediterranean environment. Indeed, Hovers
(2001, 2009) suggested that in the arid and semi-arid zones
MP groups may have exploited larger territories due to
the clumped distribution of subsistence resources, which
would lead to an expectation of more diffused technologi-
cal traditions (see above). Although we cannot reconstruct
a site system for ND24, we can carefully suggest that long-
distance mobility within larger territories, following the
availability of resources, resulted in short, and maybe more
sporadic, visits to any given locality. Similar suggestions
were voiced, generally for arid regions in the Levant (Hov-
ers 2001, 2009) and specifically for the arid Syrian desert
(Pagli 2013). This in turn explains intra-assemblage homo-
geneity. Under this scenario each assemblage may be a re-
sult of the specific adaptive and cultural choices made by a
human group over a short time span, as opposed to more
intensive occupation sites that may represent many returns
and the use of different Levallois reduction systems at the
same site.

It is tempting to relate these differences to logistical
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mobility with base camps and “satellite” task-specific lo-
calities in the Mediterranean zone as opposed to residen-
tial systems of high mobility in the desert. However, we
cannot exclude the use of different combinations of high
mobility residential systems and logistic systems in the
whole region, conditioned by the seasonal availability of
resources (Hovers and Belfer-Cohen 2013; Malinsky-Buller
et al. 2021). Further, it was suggested that hunter-gatherer
societies in lower latitudes, such as the southern Levant
Mediterranean zone, adopted settlement strategies that
were more oriented toward residential mobility (Binford
1980, 1990; Hovers 2009; Kelly 1983). The desert environ-
ments certainly presented more acute seasonal conditions
and more patchy resource distributions, leading to higher
mobility than in the Mediterranean environments. Under
such conditions each site was more sporadically used and
was occupied for shorter periods. Well-preserved sites in
the Negev, such as ND24 or the lower Besor sites, present
a view into the adaptations to immediate environments of
people conforming to relatively homogeneous technologi-
cal traditions.

SUMMARY AND CONCLUSIONS

We propose that since long, stratified MP sequences time-
average the material residues of many visits by different
groups, their lithic technologies tend to be highly variable.
In contrast, short-term occupations such as ND24 likely
better reflect the use of specific technological traditions
related to Levallois preparation in the context of adaptive
behaviors in the arid zone and provide a more “distilled’
view of cultural norms expressed through the technologi-
cal practices of these mobile groups.

The technological traits of the late MP ND24 assem-
blage suggest high technological resemblance with earlier
MP sites from the southern Levant such as Qafzeh Cave,
NRQ, and Nahal Agev, all spanning the time between the
end of MIS 6 to MIS 5. At the same time, ND24 differs from
other late MP sites mainly in the paucity of unidirectional
convergent Levallois strategy and triangular end-products
as well as in the general high technological homogeneity,
e.g., the dominance of one reduction sequence. This assem-
blage provides further support to the notion that within
the technological variability of the MP in the Levant, the
dominance of a specific production mode is not a sufficient
marker for assigning an assemblage to a specific time span.
The differences between the technological composition of
ND24 and the broadly contemporaneous lower Besor sites,
both identified as short-term occupations, may therefore
point to the existence of different late MP lithic traditions
in the arid Negev. This, in turn, raises new and interesting
questions about population dynamics in an area that has
been described both as an out of Africa corridor as well as
an attractor of populations from the Mediterranean zone of
the Levant, Africa, and Arabia.
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SUPPLEMENTARY MATERIAL 1: FAUNAL REMAINS
This file includes: text and Supplementary Material Figure S1.

ost of the faunal remains are ostrich eggshell frag-

ments (n=344, Figure Slb), but the assemblage in-
cludes also some highly fragmented mammalian bones
(n=92, only four of the which are larger than 2cm). Addi-
tionally, one fragment of Glycymeris sp. (Figure Sla), found
in thanatological shell assemblages on the Mediterranean
seashore (~75km northwest of ND24; Sivan et al. 2006), was
found in unit 3. The study of the faunal remains is ongoing,
with the hope that this will contribute additional environ-
mental data.

The distribution of faunal remains within and between
the archaeological horizons in ND24 is uneven. This may
be a result of post-depositional processes or/and differen-
tial use of space. Thirty two percent (n=29) of the bone frag-
ments originated from the small excavated area in unit 5.

This may suggest a better preservation of faunal remains
in unit 5. The majority of the ostrich eggshell fragments
(n=337) are from unit 3, an additional five pieces are from
unit 5, and three were collected from the surface in the rock
shelter. Many of the ostrich eggshell fragments were con-
centrated in one area at the back of the rock shelter (Figure
4 in the main manuscript).
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Figure S1. Finds from unit 3: a) marine shell, b) ostrich eggshell fragments (scale bars are 2cm).
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SUPPLEMENTARY MATERIAL 2: OSL ADDITIONAL DATA
This file includes: text and Supplementary Material Figure S2.

he dose recovery test over a range of preheat and cu- sion; Figure S2¢, d), indicating that the quartz grains were
theat temperatures shows that a recovery of 0.95 is mostly well bleached at the time of deposition.
obtained with a preheat of 10s at 260 °C and a test dose

preheat of 5s at 240 °C (Figure S2a). These parameters were REFERENCE

used for all further measurements. The OSL signal is very =~ Wintle, A.G., Murray, A.S., 2006. A review of quartz opti-
bright (Figure S2b), and the samples perform well with the cally stimulated luminescence characteristics and their
criteria of the single aliquot regenerative dose (SAR) pro- relevance in single-aliquot regeneration dating pro-
tocol (Wintle and Murray 2006). Dose distribution of indi- tocols. Radiat. Meas. 41, 369-391. https://www.doi.
vidual measurements have a medium scatter (overdisper- org/10.1016/j.radmeas.2005.11.001

PaleoAnthropology 2025:1 supplement to Oron et al. 2025:1 . 8“““5 ISSN 1545-0031

Paleoanthropology Society & European Society for the study of Human Evolution.


https://www.doi.org/10.1016/j.radmeas.2005.11.001
https://www.doi.org/10.1016/j.radmeas.2005.11.001

* PaleoAnthropology 2025:1

13 O o | -1.0 3
1 o u L 20,000 &oL
1.2+ O = L 0.98 - 25
! I P
S 114 - Y/ o |1 15000 2,01
= . 0965 || S &
S 10 | L ol 2 i
% 1 < -0_94% @ 10,000 2,08
2 094 ey © L 2 B2 05
3 o] o Loo2y || @
& 0.8 gl) S 8 5000 O e L R S R
d 0 b 0 20 40 60
07 0.90 2 &)
. L) L] L] L] N
180 200 220 240 260 280 o B pa e e S e m m
Preheat T 0 1 2 3 4 5 8 7 8 g 10
a ©CH 20 C less PH [ICH=220C A CH=200 QAverages MRR b Time (s)
III
1 1 +
I|I +
1 1
I|I i
] )
| o k=3
7 ® ol s :§
| eemcce e .---Cb @ ©
2o o * cllE
R
(L, R ——. T -l - =
8 0---Q. 5.0 = ||z !
o |
o 1l
o o I
l L] l L] l o :I:
) ¥ 1 L4 1 L ) v ]
0 0 2 40 60 80 100 120
C. Precision (1/Std.Error) d. De (Gy)

Figure S2. OSL results for sample MSD-4. a) Results of a dose recovery test over a range of preheats (10s) and cutheats (5s). Note
that the best recoveries (recovered/given ratios closest to 1) are under a preheat of 2600 C and cutheats of 2000 C or 2400 C. The latter
was chosen for all subsequent measurements. Recycling ratios are mostly >0.95. b) The natural OSL signal (10s of 40s measurement)
from an aliquot of sample MSD-4. Note the rapid decay of the signal to background levels within less than 2 seconds. Inset: a dose
response curve for the same aliquot, De=62.1+2.5 Gy. Note recycling points at ~20 Gy, which are indistinguishable. c) Radial plot for
the sample showing the distribution of all measured aliquots, average De (calculated using the central age model) =69.8+3.0 Gy. Note
medium scatter (OD=18%). d) A probability density function for the same data as c, showing the normal dose distribution.
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Figure S3. Size distribution of Levallois Items in Unit 3 assemblage.
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TABLE S1. PERCENTAGE OF DIFFERENT DORSAL SCAR PATTERNS ON LEVALLOIS CORES

FREOM DATED ASSEMBLAGES IN THE LEVANT.

Other/not
Site Centripetal Convergent Unidirectional Bidirectional reported
Mid MP | Geula 65.0 0.0 10.0 25.0 0.0
Qafzeh VIla 73.9 8.7 44 8.7 4.3
Qafzeh IX 85.7 2.9 0 11.4 0.0
Qafzeh XI 88.9 0 5.6 2.8 2.7
Qafzeh XII 84.1 0 0 5.9 10.0
Qafzeh XIII 82.7 5.8 3.9 5.8 1.8
Qafzeh IV 75 2.7 5.6 16.7 0.0
Qafzeh XV 58.5 8.2 15.3 16.9 1.1
Qafzeh XVII 84.9 0 12.1 0 3.0
Nesher Ramla I 60.4 15.1 15.1 9.4 0.0
Nesher Ramla ITA 72.7 9.2 4.5 13.6 0.0
Nesher Ramla IIB 69.1 13.2 8 9.7 0.0
Nesher Ramla III 84 2.5 7 5 1.5
N.Agev (unit 11) 85.7 0 0 14.3 0.0
N.Agev (unit 7) 50 28.6 21.4 0 0.0
N.Aqgev (Lev3) 25.1 1.6 69.2 4.11 0.0
Late MP | Umm el Tlel V2 3a 6.7 24.4 48.9 20 0.0
Umm el Tlel V2 "a p. 54.2 4.2 16.6 25 0.0
Amud Bl 28.0 25.0 33.0 7.0 7.0
Amud B2 20.0 23.0 28.0 21.0 8.0
Amud B4 36.0 8.0 16.0 20.0 20.0
Kebara VI 38.1 16.7 32.1 13.1 0.0
Kebara VII 244 26.7 41.3 7.6 0.0
Kebara IX 19.0 37.3 33.8 9.9 0.0
Kebara X 17.3 38.5 31.3 12.8 0.0
Kebara XI 21.7 36.7 31.3 10.2 0.0
Qunietra A 40.0 46.0 0.0 6.0 8.0
Qunietra B 43.0 40.0 0.0 6.0 11.0
E.Qashish 41 0 0 22 37.0
E.Qashish C 36.5 8.2 30.6 10.6 14.1
N. Dimona 24 80 0 0 20 0.0
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TABLE S2. PERCENTAGE OF DIFFERENT DORSAL SCAR PATTERNS ON LEVALLOIS
BLANKS FROM DATED ASSEMBLAGES IN THE LEVANT.

Site Centripetal Convergent Unidirectional Bidirectional Other/not reported
Early MP | Tabun EMP 11.5 60.8 12.8 14.9 0
Abou-Sif B 5.1 25.6 57.7 11.5 0.1
Abou-Sif C 8.8 27.4 38.8 25 0
Mislya L10 6.2 45.2 28.8 19.9 0
Mid MP | Geula 31.3 20.3 6.6 41.8 0
Qafzeh VIla 40.3 225 3.1 34.1 0
Qafzeh IX 46.1 9.6 0.7 42.6 1
Qafzeh XI 66.7 6.6 2.5 23.5 0.7
Qafzeh XII 66.6 6.4 2.2 22.8 2
Qafzeh XIII 71.9 4.7 1.4 20.9 1.1
Qafzeh IV 59.4 15.9 1.1 23.6 0
Qafzeh XV 36.6 30.2 2.8 29.1 1.3
Qafzeh XVII 71.6 6.7 4.6 16 1.1
Nesher Ramla I 46.2 38.6 12.3 29 0
Nesher Ramla ITA 51.6 33 11 44 0
Nesher Ramla IIB 54 28.4 11 6.6 0
Nesher Ramla III 67 9.8 3.6 7.9 11.7
N.Agev (unit 11) 62.4 7.9 7.9 21.8 0
N.Agev (unit 7) 56.8 21.1 10.8 11.3 0
N.Agev (Lev3) 30.9 32.1 23.4 8.3 5.3
Late MP | Umm el Tlel V2 Ba 2.7 34.9 28.1 12.3 22
Umm el Tlel V2 "a p. 28.2 3.2 46.2 10.3 12.1
Amud B1 14 51 19 14 2
Amud B2 11 12 57 11 9
Amud B4 20 31 14 30 5
Kebara V 31 25.4 12.6 31 0
Kebara VI 28.6 34.6 24.7 12.1 0
Kebara VII 31 452 11.5 12.3 0
Kebara VIII 28.8 49.1 13.1 9 0
Kebara IX 20.2 56.2 10.7 12 0.9
Kebara X 24.8 53.9 8.1 13.2 0
Kebara XI 19.1 46.5 15.5 18.9 0
Kebara XII 13.7 56.6 9.1 20.6 0
E.Qashish C 26.7 13.8 28.3 14.1 17.1
NMO 23 35.8 32.7 6.7 1.8
Farah II 1976 0 88 0 0 12
Farah II 2007 20 62 12 4 2
Rosh ein mor 9.6 63 8.2 17.8 1.4
N. Dimona 24 55 5.9 4.5 33.2 1.4
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