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Recent archaeological discoveries indicate that the Arabian Peninsula played an important role in Late
Pleistocene hominin dispersals. The presence of Middle Palaeolithic archaeological sites in the Nefud
Desert of northern Saudi Arabia demonstrates that hominins moved far inland, probably following
networks of ancient lakes and rivers deep into the Arabian interior. These Middle Palaeolithic sites,
located close to the spatial and temporal boundary between Neanderthals and Homo sapiens, are critical
for our understanding of Late Pleistocene demographic processes and hominin behaviour. Here we
present the ﬁrst detailed analysis of a Middle Palaeolithic lithic assemblage from the north Arabian
desert interior. The Late Pleistocene site of Jebel Katefeh-1 (JKF-1) is located beside a palaeolake at
Jubbah in the Nefud Desert. The assemblage appears to reﬂect a relatively short-lived occupation.
Reduction produced Levallois ﬂakes of diverse morphologies as well as more expedient small ﬂakes. Our
results emphasise that factors such as differential reduction intensity and raw material characteristics
need to be considered along with putatively cultural interpretations of Middle Palaeolithic variability.
Consideration of assemblage afﬁnities indicates similarities with both the African and Levantine Middle
Palaeolithic, perhaps reﬂecting the location of Jubbah at a crossroads of the highlands of western Arabia,
the Levant and the Euphrates/Tigris river system. JKF-1 demonstrates both the potential and the
complexity of the Arabian Middle Palaeolithic record in debates on hominin dispersal and adaptation.
© 2014 Elsevier Ltd and INQUA. All rights reserved.
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1. Introduction
As an alternating bridge and barrier between Africa and the rest
of Asia, the Arabian Peninsula played an important role in hominin
evolution and dispersal (Petraglia and Rose, 2009; Groucutt and
Petraglia, 2012, 2014; Scerri et al., 2014, 2015). Recent discoveries
indicate that Arabia was a signiﬁcant nexus of Late Pleistocene
demographic change (e.g. Crassard, 2009; Petraglia et al., 2010,
2011, 2012; Armitage et al., 2011; Rose et al., 2011; Delagnes
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et al., 2012, 2013; Crassard and Hilbert, 2013; Usik et al., 2013;
Scerri et al., 2014; 2015). Given the current absence of a preHolocene hominin fossil record, lithic assemblages provide the
primary source of information on Pleistocene occupations of Arabia. The Arabian Peninsula covers more than three million square
kilometres and from this vast area less than ten Late Pleistocene
archaeological sites have been excavated and chronometrically
dated with varying degrees of precision (Groucutt and Petraglia,
2012).
Across most of Arabia e particularly the centre and north e little
archaeological research has been conducted and most previously
documented Middle Palaeolithic sites consist of assemblages from
surface contexts (Petraglia and Alsharekh, 2003; Groucutt and
Petraglia, 2012). More detailed research in recent years, particularly due to the discovery of stratiﬁed and dated sites, has advanced
knowledge of Pleistocene occupations, primarily in southern and
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eastern Arabia (e.g. Rose, 2004a,b, 2006; 2007a,b; Crassard, 2008,
2009; Jagher, 2009; Jagher and Pümpin, 2010; Armitage et al.,
baut, 2011; Rose et al., 2011; Delagnes
2011; Crassard and Thie
et al., 2012, 2013; Sitzia et al., 2012; Crassard et al., 2013) and
recently in central and northern Arabia (Petraglia et al., 2011, 2012;
Crassard and Hilbert, 2013; Scerri et al., 2014; 2015). The new discoveries reveal a spatially and temporally complex picture of
technological variability in Arabia. Published data is primarily
qualitative in nature, and quantitative analyses of spatially and
temporally representative samples are needed to address themes
such as dispersal and adaptation.
Since 2010, an interdisciplinary team has been conducting
research in the environs of the Jubbah palaeolakes in the Nefud
Desert of northern Saudi Arabia (Petraglia et al., 2011, 2012). The
Nefud desert is an important crossroads of south-west Asia; to the
southwest the highlands of western Arabia extend to Yemen, to the
northeast palaeorivers feed into the Euphrates, while to the
northwest Wadi Sirhan and other corridors offer potential connections to the Levant (Fig. 1). This location means that the
archaeological record is important in understanding the dispersal
of hominin populations, while the arid interior context of the area
makes the character of the assemblages pertinent in understanding
Middle Palaeolithic hominin behaviour and adaptation. Here we
present a description and interpretation of lithic technology and
reduction at the Middle Palaeolithic site of Jebel Katefeh 1 (JKF-1);
we then discuss the behavioural and demographic implications of
the results.

2. Materials and methods
2.1. The Jebel Katefeh-1 assemblage
The site of JKF-1 (27.922 N, 40.806 E) was excavated in 2011
(Fig. 2) and preliminarily reported soon after (Petraglia et al.,
2012). JKF-1 is a sedimentary mound on the edge of a palaeolake
east of Jebel Katefeh, to the southwest of the main Jubbah palaeolake and modern town. The archaeological horizon at the site
consists of a single and thin (<20 cm) layer of lithic artefacts in
‘stratum H’, a sandy deposit beneath a capping of lacustrine sediments. Bioturbation has occurred and was recognised during
excavation, but has not resulted in the extensive vertical movement of artefacts. Lithics were eroding from stratum H on the west
side of the mound. These and the excavated artefacts were pieceplotted using a total station and systematically collected. Given the
similar raw materials, technology and weathering/patination of
the material, as well as the spatially limited distribution of lithics
and the presence of some reﬁts, the combined surface and buried
material is treated here as a single assemblage of 1222 lithics
(Table 1).
For the deposition of the artefact bearing stratum H, single grain
optically stimulated luminescence (OSL) estimates indicate that
grain populations were last exposed to sunlight ~90e85 ka (MIS 5)
and ~50 ka (MIS 3) (Petraglia et al., 2012). Given the evidence for
bioturbation, Petraglia et al. (2012) suggest that the MIS 3 grains are
intrusive into an existing, MIS 5, archaeological deposit.

Fig. 1. The location of JKF-1 and JKF-12 at Jubbah, Nefud Desert, Saudi Arabia.
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Fig. 2. Photographs of JKF-1 and JKF-12. A: JKF-1 at start of excavation, note location of trench on side of sediment mound. Lake basin to left in foreground. Orange dunes and jebels
in background. B: excavator points to an example of a lithic in situ in stratum H. C: quartzite raw material at JKF-12. (For interpretation of the references to color in this ﬁgure legend,
the reader is referred to the web version of this article.)

2.2. Procedures of lithic analysis
The methodology of lithic analysis employed here follows the
general approach of a number of earlier studies (e.g. Phagan, 1985;
Kuhn, 1995; Clarkson, 2002, 2007; Monigal, 2002; Tostevin, 2003,
2012; Andrefsky, 2005; Hovers, 2009; Scerri, 2013; Shea, 2013;
Groucutt, 2014; Scerri et al., 2014a). Our main unit of analysis is
the attribute (or constituent feature), rather than the ‘type’ of the
whole lithic. An attribute-based approach maximises variability
which can be compared in a quantiﬁed manner, and recognises the
polythetic character of lithic variation. This approach is conducive
to both detailed descriptions of assemblages and to making
objective comparisons between assemblages. Our aim in the present paper is to describe the JKF-1 lithic assemblage as a whole,
while future studies will address speciﬁc aspects in more detail.
Metric measurements include overall dimensions (lengths,
widths, thicknesses) and striking platform dimensions, as well as
measurements such as medial and distal widths that allow us to
assess ﬂake shape (attribute states described in Scerri et al., 2014,
2015). Attributes such as distal termination types were deﬁned
according to standard conventions, as outlined in the preceding
reference. We used a simple and descriptive classiﬁcation of dorsal
scar patterns (e.g. ‘from proximal’, ‘from proximal and right’). We

use the term ‘bidirectional’ to indicate ﬂaking from both proximal
and distal, unrelated to bipolar reduction using an anvil. Here,
‘radial cores’ refer to cores which have been ﬂaked in a centripetal
manner, but are informal and are neither Levallois nor discoidal
(but generally closer to the latter). Amorphous cores are those
ﬂaked in a highly informal manner with no apparent system to the
reduction and where the directions of ﬂake scars are often difﬁcult
to determine. They can be seen as a highly informal version of
multiplatform cores. Finally, percentages of cortex were estimated.
3. Results
3.1. JKF-1 raw materials
Most of the raw material at JKF-1 consists of local ferruginous
quartzite (76%) and quartz (23%), while small numbers of chert and
rhyolite lithics have been identiﬁed (Table 1). Most of the cores are
of quartz, many of which are small and informal (expedient). Most
of the debitage consists of relatively homogenous quartzite. Very
similar quartzite can be found at the site of JKF-12, located ~800 m
to the west (Figs. 1 and 2).
The quartz at JKF-1 varies in both colour and knapping quality.
Most of the quartz is a white form, while crystal, orange and pink
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Table 1
Raw material composition of the JKF-1 assemblage.

Cores
Debitage
Retouched
Total

Quartzite

Quartz

Rhyolite

37
889
3
929

61
210
6
277

1
7
1
9

Chert
7
7

Total
99
1113
10
1222

types are found in lesser numbers. From both the cores and the
debitage it is clear that quartz at JKF-1 was procured in the form of
small, rounded pebbles which are found embedded in the bedrock
throughout the area and occur widely as a gravel sheet on the basin
surface between JKF-1 and JKF-12.
Other raw materials, namely rhyolite and chert, form just over
1% of the JKF-1 assemblage. Despite their low numbers, rhyolite and
chert are of interest as these rock types have not yet been found
locally in the Jubbah area. Rhyolite dykes are found around the
southern edge of the Nefud desert e the closest known sources
being ~60 km to the east of JKF-1 at Al Qana and ~40 km to the
southwest near Al Marrat e while chert occurs to the north, with
the closest sources presently being unknown.

The lithics at JKF-1 are in good condition, with sharp edges,
although the quartzite artefacts are somewhat oxidised. The good
condition of the artefacts from the surface supports the contention
that they eroded onto the surface from Stratum H, as does their
spatially limited distribution.
3.2. JKF-1 core technology
A total of 99 cores was recovered at JKF-1. The cores are made
from quartz (n ¼ 61), quartzite (n ¼ 37) and rhyolite (n ¼ 1). The
close relationship between the size e shown, for example, by
plotting length vs. width in Fig. 3 e and the typology/morphology
of cores suggests that a considerable element of the morphotypological variation relates to differential clast size and/or differential reduction intensity. The attribute data presented below offers
a chance to differentiate between these two factors. While there is a
range of size variability, Levallois cores are often the largest type of
core. Single platform and discoidal are medium sized and bidirectional, multiplatform, amorphous and radial cores are almost always small (less than ~50  30 mm). Small sample sizes for some
types of Levallois cores, such as the unidirectional-convergent,
make their position in the reduction process difﬁcult to

Fig. 3. Scatterplot of length (mm) and width (mm) of all complete cores from JKF-1, organised by basic typology.

H.S. Groucutt et al. / Quaternary International 382 (2015) 215e236

understand from core forms alone. In general, however, the larger
Levallois cores are broadly unidirectional, while the smaller cores
are bidirectional and centripetal.
3.2.1. JKF-1 quartz cores
Table 2 shows the basic typological breakdown of the 61 quartz
cores at JKF-1, examples of which are shown in Fig. 4. Most of the
quartz cores at JKF-1 demonstrate relatively informal reduction
processes (i.e. limited platform preparation and little predetermination of ﬂake morphology through preparatory removals of the
core to shape the debitage surface), with just a few removals being
made from each core. In other cases a more formal, broadly
Levallois, reduction strategy is implied by the morphology of the
cores. A continuum of variability exists between these two forms,
with overlapping combinations of attributes crosscutting typological divisions.
Quartz core typology correlates with size (Fig. 5). Single platform cores, the most common core type at JKF-1, represent the
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formation of a generally plain striking platform at one end of the
pebble and the subsequent removal of a small number of ﬂakes
from the debitage surface (Fig. 4b, c, e). The typically early position
of single platform cores in the reduction sequence is supported by
their high levels of cortex e a mean of ~52%, compared to considerably lower average values for other types, such as ~14% for multiplatform cores e and other factors such as the low number of
scars (Tables 3 and 4). While informal, these single platform cores
possess features such as a clear hierarchical relationship between
platform and debitage surfaces and they would have been an
effective way to produce small ﬂakes.
Single platform cores were transformed into bidirectional cores
by the formation of an opposed (distal) striking platform and the
removal of one or more ﬂakes from it. They concordantly have
slightly more scars on average and slightly less cortex than the
single platform cores. Radial cores continue the trend of having less

Fig. 4. JKF-1 quartz cores. a: bidirectional Levallois core (illustration modiﬁed from Petraglia et al., 2012), b,c,e: single platform cores, d: Levallois cores with centripetal preparation.
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Fig. 5. Scatterplot of length (mm) and width (mm) of all complete quartz cores from the JKF-1 sample, organised by typology (2 outliers removed).

Table 2
Typology of quartz cores at JKF-1.
Core type

Number

Single platform
Amorphous
Bidirectional
Radial
Fragment
Multiplatform
Recurrent centripetal Levallois
Bidirectional Levallois
Preferential Levallois with centripetal preparation

24
11
5
5
4
4
4
2
2

(39%)
(18%)
(8%)
(8%)
(7%)
(7%)
(7%)
(3%)
(3%)

Table 3
Technological and morphological features of complete JKF-1 quartz cores.a
Attribute %
N.
Weight Max.
Max.
Cortex scars
dimension width

Max.
thickness

Length of last
scar

N.
Min.
Max.
Mean.
S.D.

47
10.3
37.8
21.9
6.7

21
14.6
37.3
24.7
6.3

a

48
10
80
40
20

45
2
15
7
3.1

48
6.6
140.3
41.1
31.0

48
23.9
63.4
41.1
9.3

47
20.1
53.3
34.4
9.4

For this and all subsequent tables, dimensions are in mm and weights in grams.

cortex and more scars, and are typically small. Multiplatform cores
also appear to be heavily reduced.
Eight of the JKF-1 quartz cores are Levallois, reﬂecting both their
volumetric form and their preparatory scar patterns. Bidirectional
Levallois cores at JKF-1, such as Fig. 4a, emphasise the production of
relatively large ﬂakes, which feature the highest number of scars
more than 1/3 the length of the core (Table 10). The recurrent
centripetal Levallois cores have the lowest mean percentage of
Table 4
Measurements and attributes (mean averages) of complete JKF-1 quartz cores
organised by typology. Rec. Levallois ¼ recurrent centripetal, Bi.
Levallois ¼ bidirectional Levallois, Pref. Lev. ¼ preferential Levallois with centripetal
preparation.
Core type

%
N.
Weight Max.
Max.
Cortex scars
dimension width

Max.
Length of
thickness last scar

Single plat.
Amorphous
Bidirectional
Pref. Lev.
Bi. Lev
Rec. Levallois
Multiplatform
Radial

52
15
38
28
20
26
14
34

22.4
22.6
18.4
19.8
23.1
22.3
23.1
15.7

5.7
8.8
5.8
8
9.5
11
10.5
6.6

44.9
55.9
34.4
35.6
42.1
28.2
43.6
20.4

42.0
46.0
39.8
44.5
44.9
39.4
40.2
33.0

34.4
42.8
34.0
25.2
37.4
31.7
30.1
25.5

25.2
30.8
28.6
25.3
17.6
15.0
14.8
22.7
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cortex and the highest number of scars over 5 mm of all the quartz
core types.
We calculated Scar Density Index (SDI) values for the JKF-1
quartz cores to attempt to differentiate between the hypotheses
of reduction intensity and different methods being applied to
different clast sizes. Using a method similar to that of Clarkson
(2013), where SDI for each core equals 100 (total number of scars
>5 mm in length/surface area), where surface area is estimated by
the formula [(2  length  width) þ (2  width  thickness) þ (2 
length  thickness)]. As described by Clarkson (2013) this formula
overestimates surface area compared to using laser scanning, but
this estimate of surface area is nevertheless strongly correlated (r2
of 0.944) with the real values. While SDI is a new measure, and its
reliability needs further testing, it nevertheless appears to provide a
useful summary of reduction intensity. The SDI values for JKF-1
quartz cores, with higher scores meaning a greater density of
scars, suggest that differential reduction intensity is playing an
important role in producing different core types (Fig. 6). Single
platform cores have the lowest mean SDI scores (0.09, SD: 0.05),
followed by bidirectional cores (0.13: SD: 0.08), Levallois cores
(here grouped together as each type has a very low sample size,
0.13: SD: 0.08), amorphous cores (0.16: SD: 0.08), radial cores (0.19:
SD: 0.04) and multiplatform cores (0.21: SD: 0.08). As predicted
based on factors such as the number of scars and the percentage of
cortex, single platform and bidirectional cores have low densities of
scars, while radial and multiplatform have high densities. The
intermediary position of Levallois cores reﬂects the typically larger
ﬂake scars associated with this core type compared to more
informal types, while amorphous cores were not as effectively
reduced as radial and multiplatform cores.
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Particular cores clearly show the relationship between morphotechnological features and reduction intensity. In one case, the
centre of the debitage surface demonstrates a stage of unidirectional convergent Levallois reduction (Fig. 8b). After this, however,
a more opportunistic series of removals has been made around the
perimeter of the core, which were struck after a failure to reprepare adequate convexities for continued unidirectionalconvergent reduction. This core also demonstrates another
feature of the assemblage, particularly on centripetally ﬂaked cores,
which is the high frequency of aberrant (i.e. hinge or step) terminations. In around 50% of the quartzite cores with a preferential
removal this scar has an aberrant termination. In addition,
centripetally reduced cores at JKF-1 are often broken (e.g. Fig. 8c).
Where the scars of preferential removals are retained on cores they
are of diverse shapes, from triangular to ovoid.
The attribute data supports the hypothesis that the reduction
trajectory tends to move from unidirectional Levallois to multiplatform and discoidal reduction (Tables 6 and 7). The position of
single platform cores, however, is something of an exception. They
are relatively small, but also feature typically high percentages of
cortex and relatively few scars. Due to such factors they appear to
represent a separate reduction trajectory to the dominant one
described above. It must be emphasised that these tendencies in
lithic reduction are rarely exclusively between homogenous and
entirely discreet categories. The small sample sizes and considerable variance for each type of quartzite core frustrated the use of
SDI to compare the intensity of ﬂaking, but comparing SDI values
for Levallois cores (x 0.07, s 0.03) and amorphous cores (x 0.15, s
0.02) supports the hypothesis described above.

3.3. JKF-1 debitage
3.2.2. JKF-1 quartzite cores
A total of 37 quartzite cores was recovered from JKF-1 (Figs. 7
and 8) (Tables 5e7). The larger cores are mostly Levallois, with a
generally unidirectional character. Amorphous, multiplatform,
single platform and discoidal cores tend to be smaller. In terms of
variability within Levallois cores, unidirectional Levallois cores are
the largest core type. Preferential Levallois cores with centripetal
preparation (see Fig. 7aec) are typically somewhat shorter, but
with a similar width. This indicates reduction in size due to the
removal of preparatory ﬂakes from the distal ends of centripetally
prepared cores.

Whereas the 7.73 kg of cores from JKF-1 only reﬂect the terminal
stage of reduction, the 23.95 kg of debitage records morphotechnological changes through the reduction process. The assemblage is dominated by ﬂakes, mostly of quartzite, but with quartz
also common (Figs. 9e14). A small number of blades and a fairly
bordant ﬂakes are present. Most quartz ﬂakes are
high number of de
either highly cortical or small and simple. The reduction of
quartzite appears to have been primarily Levallois in character, with
the debitage suggesting a diverse approach to ﬂake production,
with ﬂakes of various shapes produced. A basic typology of the JKF1 debitage is shown in Table 8.
The assemblage demonstrates high rates of breakage, with 63
(6%) consisting of longitudinally fractured (‘siret’) pieces (e.g.
Fig. 11g). A further 305 (27%) consist of proximal, medial and distal
fragments. In total, 337 (30%) of the debitage is broken in complex
or indeterminate ways, including chunks.

3.4. Flake size and shape

Fig. 6. Boxplot of Scar Density Index for JKF-1 quartz cores arranged by typology.

Most complete JKF-1 ﬂakes (including blades) fall within a
relatively limited size range of 60e30 mm in length and 40e20 mm
in width (Table 9). Thickness is likewise constrained in its variability. This narrow range of sizes indicates a certain homogeneity
to the reduction process. The paucity of very large ﬂakes is likely to
reﬂect a combination of choosing clasts of a particular size and
initial reduction being carried out elsewhere (probably at JKF-12).
JKF-1 ﬂakes are typically characterised by low elongation, low
ﬂattening and relatively low convergence (Fig. 9). In the case of
convergence, the mean is higher than the 75th percentile, indicating that a small number of highly convergent ﬂakes are an
important component of the assemblage.
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Fig. 7. Quartzite Levallois cores from JKF-1. aec: preferential Levallois core with centripetal preparation (illustration modiﬁed from Petraglia et al., 2012), d: unidirectional
convergent/Levallois point core.

As a result of the large number of breakages in the debitage
population, Table 10 presents both inclusive (all debitage excluding
chips and chunks) and exclusive (for complete ﬂakes over 20 mm in
length) frequencies and percentages of termination types. The
difference between these categories largely reﬂects a high contribution of indeterminate terminations for small ﬂakes, which often
have damaged distals or terminations which fall between categories. JKF-1 features a low proportion of feather terminations, but
relatively frequent hinge and step (aberrant) terminations.

area. Flakes with cortical coverage of up 100% are found at JKF-1,
but of those that are cortical, most have less than 50% cortex. The
most common categories recorded for cortical location are ‘distal’
(23%), ‘left lateral’ (20%) and ‘right lateral’ (18%). The highly cortical
ﬂakes are typically small.
In terms of quartz ﬂakes, these are mostly cortical (Fig. 13ien),
indicating that the reduction processes for quartz cores were
generally short, and the ﬂakes produced relatively expedient.
However, the scar patterns evident on quartz cores and occasional
quartz ﬂakes indicate that more predetermined ﬂakes were produced, but these mostly appear to have been removed from the site.

3.6. Cortex

3.7. Striking platforms on ﬂakes

Table 11 presents data on the frequency of cortical coverage of
the debitage. The major difference between the inclusive (all debitage) and exclusive (complete ﬂakes over 20 mm in length) categories reﬂects the high levels of fragmentary ﬂakes at JKF-1. On the
whole ﬂakes display medium amounts of cortex. A slight majority
of complete ﬂakes have no cortex, in contrast to the JKF-12 source

Plain platforms are the most common at JKF-1 (n ¼ 315, 52.6%),
followed by dihedral (n ¼ 101, 16.9%), faceted (n ¼ 97, 16.2%),
cortical (n ¼ 54, 9%) and punctiform (n ¼ 9, 1.5%), while the ﬁnal 23
(3.8%) are indeterminate (crushed, for example). Table 12 presents
basic descriptive statistics on the metrics of JKF-1 striking
platforms.

3.5. Distal terminations

H.S. Groucutt et al. / Quaternary International 382 (2015) 215e236
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Fig. 8. Cores from JKF-1. a: quartzite discoidal core, b: Core showing initial phase of unidirectional-convergent Levallois reduction followed by opportunistic removals around
margins, c: broken quartzite radial core, d: the single rhyolite core from JKF-1, a radial core.

For complete ﬂakes over 20 mm in length the following typology of striking platforms characterises the JKF-1 assemblage: plain
(n ¼ 169, 49%), dihedral (n ¼ 69, 20%), faceted (n ¼ 47, 13.6%),
cortical (n ¼ 36, 10.4%), punctiform (n ¼ 8, 2.3%) and indeterminate
(n ¼ 16, 4.6%).
Both of the above striking platform typologies give a broadly
similar insight into the character of striking platforms at JKF-1. Plain
platforms (e.g. Fig. 9a, g) make up slightly under half of the striking
platforms, while dihedral and faceted platforms are both common
and cumulatively cover around 33% of ﬂakes. For the most part the
faceted platforms have around three facets, but in some cases faceting is more elaborate (e.g. Fig. 11a, e; Fig. 12b; Fig. 13k). The ﬂake
shown in Fig. 12b is distinctive, and it is signiﬁcant that this ﬁnely
faceted and ﬂattened ﬂake is also one of the few ﬂakes made of
chert.
Considerable differences in sizes characterise the different
platform types. In absolute terms, striking platforms increase in
typical size (thickness  width) in the following order: cortical (x
208.4 mm2), plain (x 213.7 mm2), dihedral (x 323.4 mm2) and
faceted (x 432.4 mm2). This pattern reﬂects the use of platform
dimensions to determine the size of the resultant ﬂake (e.g. Rezek
et al., 2011). In relative terms (i.e. to the size of the ﬂake, as
expressed by the formula [ﬂake width  ﬂake length]/[platform
width  platform thickness]) faceted platforms have the lowest
average relative platform size (6.1), followed by cortical (6.4),

dihedral (7.1) and plain (14.5). This difference between absolute
and relative platform sizes may reﬂect the interaction of striking
platform factors with different core sizes/stages of reduction
intensity.
The mean average thickness and width for striking platforms (all
ﬂake sizes and completeness) is 14.2 mm and 29.0 mm for quartz
and 23.4 mm and 43.3 mm for quartzite. These values largely reﬂect
the size of the raw material available. Mean values for platform
ﬂattening (width/thickness), which reﬂect a shape rather than
simply size, are 2.4 for quartz and 2.3 for quartzite, indicating a
tendency towards a similar shape of platform despite the different
raw materials.

3.8. Dorsal scar patterns
Comparing the data for all ﬂakes and complete ﬂakes over
20 mm (A and B of Table 13 respectively) reveals a similar structure.
The only difference of note is a slight decrease in the indeterminate
category, and an increase in the ‘from proximal convergent’ category when looking at complete ﬂakes. Rows C and D are given to
attempt to understand broadly ‘preferential’/’predetermined’
ﬂakes. This deﬁnition is broader than that applied to deﬁne Levallois ﬂakes, of which there are only 31 complete examples from JKF1. This broad deﬁnition, emphasising platform preparation along
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Table 5
Typology of JKF-1 quartzite cores.
Core type

Number

Amorphous
Preferential Levallois with centripetal preparation
Fragment
Recurrent unidirectional Levallois
Levallois preform/indeterminate
Multiplatform
Single platform
Discoidal
Unidirectional convergent Levallois
Recurrent centripetal Levallois

7
7
4
4
4
3
3
2
2
1

(19%)
(19%)
(11%)
(11%)
(11%)
(8%)
(8%)
(5%)
(5%)
(3%)

Table 6
Technological and morphological features of complete JKF-1 quartzite cores.
Attribute %
N.
Weight Max.
Max.
Cortex scars
dimension width

Max.
thickness

Length of last
scar

N.
Min.
Max.
Mean.
S.D.

26
14.4
54.0
30.2
10.1

15
9.8
73.8
34.2
15.1

26
0
75
21
21

26
5
23
13
3.8

26
10.8
377.5
153.5
102.9

26
26.7
111.2
67.7
19.9

26
24.7
82.9
55.3
15.4

Table 7
Measurements and attributes (mean averages) of complete JKF-1 quartzite cores
organised by typology. Pref. Lev ¼ Preferential Levallois with centripetal preparation. Single plat. ¼ single platform. Uni. Conv. ¼ unidirectional convergent Levallois.
Attribute

%
N.
Weight Max.
Max.
Cortex scars
dimension width

Max.
Length of
thickness last scar

Amorphous
Pref. Lev.
Uni. Levallois
Lev. perform
Multiplatform
Single plat.
Discoidal
Uni. Conv.

0
27
33
13
0
40
5
35

18.5
31.5
34.7
32.0
30.2
25.7
28.1
34.7

7.5
13.3
13.5
13.0
15.0
10.7
14.0
11.5

24.6
153.9
230.7
162.8
179.3
103.5
95.8
207.2

39.9
68.5
83.4
75.4
60.0
61.1
53.1
85.8

32.6
59.1
66.0
57.4
42.7
51.9
51.0
69.2

/
40.1
35.6
/
21.3
15.5
/
26.3

with evidence for the formation of lateral and distal convexity,
produces similar results.
In at least one case, the dorsal surface of a ﬂake demonstrates an
earlier phase of unidirectional-convergent reduction, resulting in
the removal of a long and pointed ﬂake (Fig. 9h). Subsequently the
core has been rotated 180 and the earlier debitage surface largely
removed. This is an example of reduction intensity leading to differences in core, and hence ﬂake, morphology.
‘From proximal’ (unidirectional) scar patterns are dominant for
all types of debitage. Bidirectional scar patterns appear to typically
reﬂect preparatory elements rather than apparently preferential
ﬂakes. Flakes with ‘from proximal and from right’ scar patterns
occur commonly with both preparatory elements and preferential
ﬂakes. ‘From proximal convergent’ (unidirectional-convergent) scar
patterns are a common type, particularly on preferential ﬂakes
where they are the second most common scar pattern. Centripetal
scar patterns are found in moderate numbers, but nevertheless
form an important component of the assemblage. Overall, the
impression is that a diverse range of scar patterns are found on
preparatory elements while ‘from proximal’, ‘from proximal and
right’, ‘from proximal convergent’ and ‘centripetal’ scar patterns are
all found on preferential ﬂakes.
Table 14 outlines size variation according to the major categories
of dorsal scar pattern on preferential ﬂakes. Flakes with ‘from
proximal’ scar patterns are typically relatively small. Those with

‘from proximal and from right’, ‘from proximal convergent’ and
centripetal scar patterns occur on ﬂakes which are generally similar
in size, both in terms of the range of variability and the mean
values. This similarity can be taken as indicating the typical size
ranges of ﬂakes which the JKF-1 knappers were trying to produce.
3.9. D
ebordant ﬂakes
bordant ﬂakes (e.g. Beyries and Boe
€da, 1983) are ﬂakes
De
removed from the margins of cores as a means of managing volubordant removals along the lateral
metric relationships (Fig. 14). De
bordants in a
margins can be contrasted to the removal of de
‘circumferential’ approach, where centripetal removals are made
bordant
from the margins of the core (see e.g. Tostevin, 2012). De
ﬂakes help to elucidate reduction sequences as they preserve not
only evidence of the scar pattern found on cores at different stages
of reduction, but also often give a good indication of the size of
cores.
bordant ﬂakes are on average considerably longer than
JKF-1 de
the quartzite cores, and therefore record an early phase of reduction (Tables 6 and 15). This also shows a tendency towards the
circumferential management of convexities as reduction progresses. The fairly narrow range of typical length, width and
thickness values indicates a distinct character to the earlier
reduction process and perhaps the importation of quartzite nodules
of a broadly similar size.
3.10. Retouch
The paucity of retouch is a striking characteristic of the JKF-1
assemblage, and a warning against over reliance on the typology
of retouched tools to understand themes such as dispersals. Only
eight complete and two broken retouched ﬂakes have been identiﬁed at JKF-1. Retouch is typically light, and may in some cases
reﬂect use or damage. Burination, notching and backing are not
found at JKF-1, where all retouch consists of ‘regular’ retouch,
particularly on the lateral margins of ﬂakes.
The retouched ﬂakes are mostly (60%) on quartz and on cortical
ﬂakes (60%), usually with more than 50% of their dorsal surface
being cortex. Table 16 presents basic quantitative information on
the retouched ﬂakes from JKF-1, demonstrating the relatively homogenous characteristics of the ﬂakes chosen for retouch. In terms
of the face retouched, seven of the JKF-1 specimens were retouched
only on the ventral surface, one on the dorsal surface and two on
both surfaces. Index of Invasiveness (Clarkson, 2002) scores for JKF1 range from 0.09 to 0.53, with a mean average of 0.30. The percentage of the margins retouched ranges from 11% to 55.7%, with a
mean average of 42.6%.
4. JKF-12
JKF-12 (27.927 N, 40.800 E) is a surface exposure of ferruginous quartzite, in the form of blocks of various sizes weathering
from bedrock 800 m to the west of JKF-1. JKF-12 appears to be
the raw material source for the JKF-1 quartzite, while quartz
pebbles are found both embedded in bedrock a few metres east
of JKF-12 and across the surface of the Katefeh basin. Our hypothesis that most of the raw material at JKF-1 came from JFK-12
reﬂects our observations from three seasons of surveying the
Jubbah basin. JKF-12 is not only the closest source of quartzite for
JKF-1, and the largest observed in the Jubbah area, but the raw
material appears to be the most similar. Other quartzite exposures are present in the Jubbah area, but these are of different
colours and textures.
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Fig. 9. Large quartzite ﬂakes from JKF-1. a, f, g: ﬂakes with centripetal scar patterns, bed, f: ﬂakes with bidirectional scar patterns. h: ﬂake with ‘from distal’ scar pattern.

Lithics are present in a low to moderate density at JKF-12,
immediately downslope of the eroding quartzite exposures. A
sample of artefacts was collected from two survey transects across
the locality (Figs. 15 and 16). The collected assemblage is homogenous in its broad typological and technological characteristics and
we describe it here to outline Middle Palaeolithic raw material
procurement behaviour at Jubbah. With the exception of a single
rhyolite chunk, all of the 96 lithics collected from JKF-12 were of
ferruginous quartzite.
Three of the eight cores collected from JKF-12 are Levallois cores
with unidirectional preparation and exploitation (e.g. Fig. 15c). The
other cores are a unidirectional convergent Levallois core, a
Nubian-Type 1 like core (Fig. 15a), and a preferential Levallois core
with centripetal preparation. In addition two multiplatform cores
were present. The JKF-12 cores are typically rather large for a

Middle Palaeolithic assemblage, with a mean weight of 605.5 g (SD
332.1).
The single Nubian Type-1 like core (Fig. 15a) has the essential
features of classic Nubian Levallois cores (Guichard and Guichard,
1965; Rose et al., 2011; Usik et al., 2013), namely a triangular or
sub-triangular shape, a primary proximal faceted striking platform
and, characteristic of the ‘Type-1’ approach, a median-distal ridge
formed by distal divergent removals. A triangular Levallois ﬂake
was struck from this core.
The core in Fig. 15b started as a large ﬂake, at least 120 mm long
and 150 mm wide. This had been struck from a centripetally prepared core, which must have been very large. The centripetal removals were struck in a clockwise direction from the striking
platform, with four of these scars preserved. The ﬂake broke, either
when struck from the core or subsequently. After this it was
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Fig. 10. Large quartzite ﬂakes from JKF-1. All with centripetal scar patterns, except d (bidirectional ﬂake with faceted platform).

reworked as a core. The (distal) break on the ﬂake became the main
striking platform of the core, and after the removal of at least one
preparatory ﬂake a broadly preferential removal was struck from
what had been the distal end of the original ﬂake. A further two
ﬂakes were struck from the corner of the core, both ending in hinge
terminations, and it was abandoned. This core shows both the prior
knapping of very large ﬂakes as a source of raw material for cores
and a ﬂexible approach to reduction, where pre-existing convexity
was used to produce a preferential blank (Fig. 15b, removal 6).
bordant
The debitage at JKF-12 is dominated by ﬂakes, with de
ﬂakes also common (Fig. 15). The ﬂakes are generally large and
many are cortical, congruent with the idea of decortication and
initial reduction occurring at JKF-12. Only one retouched ﬂake was
identiﬁed at JKF-12.

5. Discussion
5.1. Summary of the reduction process
The quartzite reduction process at JKF-1 began with the procurement of raw material, probably at JKF-12, where features such
as high frequencies of cortex, the large size of lithics, and low Scar
Density Index values, suggest an early stage of reduction on the
whole. The technological features of the JKF-12 assemblage, as well
as its relatively low density, indicate that raw material acquisition
was not particularly intensive, in contrast to examples of Middle
Palaeolithic quarrying of large quantities of raw material in a highly
organised manner over long time periods (e.g. Barkai and Gopher,
2009; Van Peer et al., 2010).
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Fig. 11. Flakes from ‘from proximal’ (unidirectional) and ‘from proximal convergent’ (unidirectional convergent) scar patterns from JKF-1. All quartzite except d (rhyolite).

At JKF-1, quartzite cores were reduced by diverse Levallois
methods. In the early phase this was broadly unidirectional in
character. As reduction proceeded, lateral and distal convexity was
maintained by a variety of means, leading to a diversiﬁcation of
Levallois methods. A variety of ﬂake shapes were produced,
including pointed, parallel sided and ovoid. The overall impression
therefore given is of a diverse approach to the production of
quartzite Levallois ﬂakes, with important elements of morphology
and technology related to reduction intensity. As cores became

smaller it became difﬁcult to maintain a Levallois volumetric relationship and a more expedient approach was adopted. This is
demonstrated by, for instance, the presence of Levallois points at
JKF-1, but the rarity of unidirectional convergent Levallois point
cores. Alongside the Levallois orientated reduction sequences, a
less formal reduction of single platform cores was conducted.
Small pebbles of quartz were mostly reduced in an informal
manner, but some were reduced by Levallois methods. Given the
highly cortical character of the quartz debitage, it does not appear
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Fig. 12. Pointed preferential Levallois ﬂakes from JKF-1. All quartzite except b (chert) and d (quartz). Illustrations modiﬁed from Petraglia et al. (2012).

that reduction proceeded far, probably because of the small clast
size. In some cases, quartz was possibly reduced through anvil
percussion. Finally, exotic raw materials (chert and rhyolite) were
imported, albeit rarely, both as complete ﬂakes and as a single core.
5.2. Raw material factors
The characteristics of raw materials, including their suitability
for conchoidal fracture and package size, have often been discussed
in debates on the meaning of Middle Palaeolithic variability (e.g.
Fish, 1981; Dibble, 1985; Rolland and Dibble, 1990; Dibble and
Rolland, 1992; Kuhn, 1995; Brantingham et al., 2000;
Brantingham, 2003). In accounts critical of ‘cultural’ interpretations of Middle Palaeolithic variability, raw material is
frequently seen as one of, if not the primary, determinants of the
nature of an assemblage (e.g. Clark and Riel-Salvatore, 2006; Klein,
2009; Mellars et al., 2013). Countering such a view is, for instance,
the use of sophisticated prepared core technologies on poor quality

raw materials (e.g. Mellars, 1992; pp. 35; Aldhouse-Green, 1995;
Brantingham et al., 2000). Likewise, experimental studies have
suggested that effects of raw material variation have been overstated (Eren et al., 2011, 2014).
Some evidence from JKF-1 suggests that the knappers were able
to overcome raw material limitations. For example, mean ﬁgures
for ﬂake elongation (length/width) are 1.52 for quartz 1.50 for
quartzite (both with a standard deviation of 0.38). Such similarities
in shape are of interest given that the original raw material packages were of neither similar size nor shape. These similarities, and
more widely the production of preferential debitage from suboptimal raw material, can be taken as indicating the intentions of
the knappers and the overcoming of raw material constraints.
On the other hand, the raw material available to the JKF-1
knappers imposed certain limitations. This is indicated by features such as the high frequency of ﬂake breakage (e.g. Amick and
Mauldin, 1997). The prevalence of aberrant terminations reﬂects
both the characteristics of the raw material and the level of skill/
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Fig. 13. Small/medium size ﬂakes from JKF-1. a-h: quartzite, ien: quartz. Various scar patterns and examples of platform types are shown.

control of the knappers. Given such factors, the role of raw material
variation on Middle Palaeolithic reduction can be seen as inﬂuencing hominin choices, rather than simply in a deterministic
fashion. For example, striking platform preparation was used to
create relatively large (in relation to resulting ﬂake size) platforms,
which helped the knappers produce predetermined ﬂakes even
with relatively poor quality raw material. It is also possible that
unidirectional reduction was used in preference to centripetal
ﬂaking because the large ﬂakes produced by the former were less
likely to obstruct the debitage surface with aberrant terminations
(see Macgregor, 2005 for a related discussion).

5.3. Reduction intensity and mobility
The importance of reduction intensity has been emphasised by a
number of scholars (e.g. Rolland and Dibble, 1990; see references
listed in; Iovita and McPherron, 2011; p62). Most attention has
been focussed on bifaces and retouched tools, rather than in terms
of core reduction. In features such as large metric dimensions,
extensive cortical coverage, large striking platform dimensions,
scar patterns (i.e. the high frequencies of unidirectional scar patterns) and the low frequency of retouch the JKF-1 assemblage
demonstrates relatively low levels of reduction intensity. In
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bordant ﬂakes from JKF-1.
Fig. 14. Quartzite de

Table 8
Basic typology of the JKF-1 debitage.

Table 10
Distal termination frequencies and percentages for JKF-1 debitage.

Type

N.

% Of debitage % Of assemblage

Small debitage (chips, chunks, small ﬂakes) 309 28
Flakes >20 mm long with cortexa
267 24
Flakes >20 mm long without cortexa
437 39
Levallois ﬂakesb
50 4
bordant ﬂakes
De
50 4

Termination type

Feather

Step

Hinge

Overshot Indeterminate

On all ﬂakesa
337 (42%) 73 (4%)
56 (7%)
8 (1%)
On ﬂakes >20 mm 216 (57%) 51 (14%) 37 (10%) 6 (2%)

25
22
36
4
4

a

bordants.
Not including Levallois ﬂakes or de
As there is a gradient of ﬂakes with a broadly preferential character, elsewhere
in this study we distinguish between Levallois ﬂakes in a stricter sense and a broader
category of ‘preferential ﬂakes’.
a

b

contrast, Middle Palaeolithic sites such as Warwasi, Iran (Dibble
and Holdaway, 1993) and Porc Epic, Ethiopia (Pleurdeau, 2004), to
give two examples of Late Pleistocene sites from areas neighbouring Arabia, demonstrate high levels of reduction, with features such

338 (42%)
67 (18%)

Does not include chips and chunk.

as diminutive cores, small debitage, high frequencies of platform
preparation, and high levels of retouch.
Core reduction intensity has proven difﬁcult to measure in a
quantiﬁable fashion. In this paper we have used several measures,
in part because no single measure gives a fully accurate picture of
reduction intensity. Clarkson (2013) proposes the use of a Scar
Density Index. This approach appears promising and offers a
quantiﬁed and comparable measure, but certain limitations must
be borne in mind. These include the relationship between scar

Table 9
The size and shape of complete JKF-1 debitage over 20 mm in length.a

N.
Min.
Max.
25%
75%
Mean
S.D.
a

Weight

Length

Width

Thickness

Volume

Elongation

Flattening

Conv.

376
0.9
404.0
7.3
40.1
33.9
47.8

376
20.0
129.7
30.1
57.3
45.7
21.5

376
5.1
79.5
22.2
40.9
33.2
13.7

376
3.2
44.7
7.2
13.8
11.2
5.6

376
862.8
261,994.2
5187.7
15,162.3
24,251.0
32,839.9

376
0.4
6.5
1.1
1.7
1.5
0.6

376
0.7
6.8
2.5
4.2
3.2
1.0

376
0.6
26.0
1.1
2.0
2.2
2.8

For this and subsequent tables, length (mm) is technical length, width (mm), thickness (mm) recorded at mid-point. Conv ¼ Index of Convergence.
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Table 11
Frequencies of cortical coverage on JKF-1 debitage.
% Cortex

0%

1e25%

26e50%

51e75%

76e99%

100%

Indet.

All debitage
Complete >20 mm

501 (45%)
196 (52%)

108 (10%)
73 (19%)

92 (8%)
53 (14%)

36 (3%)
17 (5%)

31 (3%)
19 (5%)

28 (3%)
12 (3%)

317 (28%)
6 (2%)

Table 12
The size and shape of JKF-1 striking platforms.a
b

b

c

c

c

Attribute Thickness Width Thickness Width Platform area Relative size
N.
Min.
Max.
25%
75%
Mean
S.D.

570
1.8
38.2
5.6
11.4
9.0
4.6

506
3.7
71.2
14.0
29.1
22.8
11.7

345
1.75
28.7
5.5
11.8
9.0
5.0

345
3.7
71.2
13.5
30.2
23.3
13.4

345
6.9
1921.2
75.3
339.6
257.4
280.0

Table 14
JKF-1 ﬂake size (length  width) for complete preferential ﬂakes over 20 mm with
prepared platforms and without cortex, organised by dorsal scar pattern type.a

c

345
1.0
223.1
4.9
12.3
13.0
18.8

a
All measurements in mm. Platform area ¼ width  thickness. Relative platform
size ¼ (ﬂake width  ﬂake length)/(platform width  platform thickness).
b
All visible platforms.
c
On ﬂakes over 20 mm in length.

patterns e which are at least in part a cultural factor e and scar
density. Centripetal reduction, for instance, may produce more
scars than unidirectional ﬂaking of an area of the same size. Likewise, preferential Levallois reduction emphasises ﬂake size over the
productivity of small ﬂakes. So while the SDI provides a useful
measure, it does not do so to the detriment of other indications of
reduction intensity.
Fig. 17 shows the SDI scores for the JKF assemblages with other
examples of Late Pleistocene lithic assemblages in areas neighbouring Arabia; Floor 1 of Tor Faraj (Jordan), spits NN and OO of
Warwasi Cave (Iran) and layer E of Porc Epic (Ethiopia). The latter
sites all have considerably higher SDI scores than the Jubbah assemblages. For Jubbah the SDI scores are: JKF-12 cores (mean of
0.036, SD: 0.018), JKF-1 quartz cores (0.128, 0.660) and JKF-1
quartzite cores (0.087, 0.036). Combing all the cores from JKF-1
gives a mean of 0.110 (SD: 0.601). These results contrast with
those for Tor Faraj (0.203, 0.060), Warwasi NNOO (0.256, 0.130), and
Porc Epic E (0.291, 0.117). Using average SDI as a guide, cores in all of
these assemblages are more than ﬁve times more intensively ﬂaked
than those from JKF-12, and one and a half times more than JKF-1
quartz cores and more than twice as much as JKF-1 quartzite cores.
The correspondence between morphological features, such as
size attributes, and technological features reﬂecting hominin
knapping decisions, including dorsal scar patterns, is a clear
example of how the character of lithic assemblages must be understood within terms of reduction intensity. The relative lack of
centripetal scar patterns, for instance, at least in part reﬂects the
fact that the JKF-1 assemblage was not heavily reduced.
Technological variability is connected with hominin mobility
strategies, the prevailing environmental conditions, and the

Scar
pattern

From
proximal

From prox. and from
right

From prox.
convergent

Centripetal

N.
Min.
Max.
25%
75%
Mean

38
167.5
4148.3
820.0
2002.6
1439.6

5
925.2
3982.0
1299.7
3777.9
2446.0

12
1390.8
3757.0
2333.7
3120.8
2655.2

6
1451.1
4051.1
1509.5
3124.6
2235.8

a

bordant ﬂakes.
Not including de

distribution of resources (e.g. Binford, 1980; Kelly, 2013; Wallace
and Shea, 2006). Ongoing research on the characteristics of the
Late Pleistocene Nefud desert (Petraglia et al., 2011, 2012;
Rosenberg et al., 2013; Scerri et al., 2015) is demonstrating the
episodic existence of an open grassland environment and the
presence of reasonably large bodies of water. This ameliorated
landscape is, however, likely to have remained highly seasonal. In
such ecological circumstances, a strategy of high population
mobility can be predicted (e.g. Marks and Friedel, 1977; Binford,
1980; Kelly, 2013; Kuhn, 1995).
The features of the Jebel Katefeh assemblages are congruent
with the behaviour of a highly mobile population (Wallace and
Shea, 2006). For instance, the focus on Levallois reduction reﬂects
an emphasis on producing large ﬂakes which are an efﬁcient way to
carry long working edges. The production of Levallois points may
reﬂect the manufacture of spear points for hunting. The frequency
of point production has been shown to vary in relation to ecological
situation, with greater frequencies being found in arid areas (Shea,
1998). Further study of the JKF assemblages, such as reﬁtting, is
required to elucidate the extent of ‘curation’ displayed, and speciﬁcally the extent to which Levallois ﬂakes have been removed
from the site. While formal Levallois technology is an important
part of the JKF assemblages, there is also evidence for more expedient reduction, as indicated by single platform cores. The extent to
which frequencies of particular core forms indicates mobility
strategies (Wallace and Shea, 2006) is, however, problematized by
factors such as differential reduction intensity. We have suggested
that much of the variability at JKF-1 reﬂects different stages of
reduction, so while there are large numbers of single platform
cores, for instance, such forms do not necessarily characterise the
overall methods of reduction.

Table 13
Frequencies (and percentages) of dorsal scar patterns on JKF-1 ﬂakes.a
Scar pattern

1

2

3

4

5

6

7

8

9

10

A
B
C
D

330 (45)
191 (47)
49 (49)
38 (52)

67 (9)
42 (10)
5 (5)
3 (4)

6 (1)
3 (1)

1
1

3
5 (1)
1 (1)
1 (1)

1
1

2
2
1 (1)
1 (1)

41 (6)
28 (7)
7 (7)
5 (7)

23 (3)
12 (3)
3 (3)
1 (1)

62
24
14
12

(9)
(6)
(14)
(16)

11

12

13

14

23 (3)
13 (3)
4 (4)
3 (4)

8
8
3
3

31 (4)
12 (3)

131 (18)
65 (16)
13 (13)
6 (8)

(1)
(2)
(3)
(4)

a
A e all ﬂakes with a maximum dimension greater than 20 mm, so including broken ﬂakes, B e all complete ﬂakes with a maximum dimension of over 20 mm, C e complete
bordant ﬂakes. D ¼ as C, but excluding ﬂakes with cortex. 1 ¼ ‘from
ﬂakes over 20 mm in maximum dimension with prepared platform (dihedral or faceted), not including de
proximal’, 2 ¼ ‘bidirectional’, 3 ¼ ‘from left’, 4 ¼ ‘from right’, 5 ¼ ‘from both laterals’, 6 ¼ ‘from distal’, 7 ¼ ‘from distal and from lateral’, 8 ¼ ‘from proximal and from right’,
9 ¼ ‘from proximal and from left’, 10 ¼ ‘from proximal convergent’, 11 ¼ weakly centripetal, 12 ¼ strongly centripetal, 13 ¼ cortical, 14 ¼ indeterminate.
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Table 15
bordants.
The size and shape of complete JKF-1 de

N.
Min.
Max.
25%
75%
Mean
S.D.

Weight

Length

Width

Thickness

Volume

Plat. Size

Elongation

Flattening

40
6.1
404
24.6
96.4
72.6
69.9

40
33.1
129.4
50.7
86.3
70.0
21.9

40
9.8
55.0
27.0
37.2
32.5
10.3

40
6.9
44.7
11.7
21.1
17.0
7.0

40
2229.1
168,149.0
16,199.2
66,323.0
45,837.2
30,734.0

37
13.3
634.5
93.4
363.2
246.6
180.8

40
1.1
3.5
1.8
2.7
2.2
0.6

40
0.7
4.2
1.6
2.2
2.1
0.7

Table 16
Measurements and attributes of complete JKF-1 retouched lithics.
Attribute

Weight

Length

Width

Thickness

Length of margins

N.
Min.
Max.
25%
75%
Mean

8
7.1
27.1
17.9
23.5
20.2

8
35.4
68.5
40.2
54.2
48.6

8
16.4
37.1
24.0
35.2
28.4

8
10.0
16.1
11.7
15.5
13.4

8
82
175
117.0
147.4
130.6

Features such as the low levels of retouch indicate that the Jebel
Katefeh assemblages reﬂect raw material acquisition and early
stage reduction during the movement of these hominins. A signiﬁcant limiting factor to the hominin use of an ameliorated Nefud
would have been a lack of suitable stone for knapping in the desert
interior, where much of the surface is covered with sand. As a result
localities such as those described here at Jebel Katefeh would have
been critical elements in the hominin occupation of the Nefud
desert during periods of ameliorated climate. The fact that the only
core of non-local raw material from the JKF-1 assemblage (Fig. 8d)
retains much cortical cover and could have produced many more
ﬂakes may indicate that arrival in the JKF area was planned, and

Fig. 15. JKF-12 cores. a: Nubian Type I core, b: Core on ﬂake/Multiplatform core/Core on ﬂake. Underlined numbers show removals made after the piece had become a core, those
without underlining show removals which were made before this piece was removed from a parent core, c: unidirectional Levallois core.
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that hominins did not chance upon the raw material source after
running out of raw material. However, the position on the “circulating” (i.e. frequent residential moves) to “radiating” (i.e. longer
term residential location supplied by bidirectional movements)
spectrum occupied by the JKF sites is at present unclear (Binford,
1980; Kelly, 2013). It is possible that populations contracted to
reliable water sources during the dry season, and that high mobility
was therefore seasonal. The JKF sites do not have the characteristics
of ‘residential’ sites, but whether the raw material procurement and
early stage reduction they represent indicates speciﬁc raw material
procurement of ‘radiating’ populations or rather more embedded
procurement during ‘circulating’ movements (Binford, 1980; Kelly,
2013) requires further analysis of dated Middle Palaeolithic sites
across the wider region.
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5.4. Comparisons to other assemblages
JKF-1 can be compared with other Middle Palaeolithic sites in
the Jubbah basin (Petraglia et al., 2011, 2012) and to assemblages
from further aﬁeld (e.g. Scerri et al., 2014a, 2015). Compared to JKF1, the MIS 5 Jubbah sites of JQ-1 and JSM-1 demonstrate an
emphasis on centripetal Levallois reduction, with both preferential
and recurrent methods employed (Fig. 18b). At JSM-1 this reduction
was aided by a seam of apparently high quality raw material, yet
limited by the narrow thickness of this seam. Most lithics at JQ-1
are small, with diminutive and heavily reduced centripetal cores
of varying types common (Fig. 18ceg), reﬂecting both high reduction intensity and the lack of good raw material sources in the vicinity of this site. On the other hand, preferential Levallois ﬂakes

Fig. 16. JKF-12 debitage. a: thick ﬂake with faceted platform, ‘from proximal’ scar pattern and cortex at distal, b: ﬂake with bidirectional scar pattern, cortex on left lateral and
bordant, f: thick cortical ﬂake
platform, c: ﬂake with weakly centripetal scar pattern and cortex at distal, d: ﬂake with ‘from proximal’ scar pattern and cortex on both laterals, e: de
with bidirectional scar pattern. Areas without arrows are cortical.
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Fig. 17. Boxplots of Scar Density Index values for Jubbah sites, Tor Faraj, Warwasi and
Porc Epic.

with centripetal preparation are also found at JQ-1 and these are
rather larger than the scars on the small cores (e.g. Fig. 18ced). At
sites constrained by extensive reduction (JQ-1) and raw material
dimensions (JSM-1) there was a more centripetal focus to reduction, while at JKF-1 and JKF-12, sites with access to plentiful raw
materials, reduction was more unidirectional.

In terms of comparisons with sites in other regions of Arabia, the
JKF-1 assemblage clearly differs from the Middle Palaeolithic assemblages of Dhofar, where Nubian Levallois technology is dominant (Rose et al., 2011; Usik et al., 2013), and from Jebel Faya where
bifaces form an important part of Assemblage C (Armitage et al.,
2011). No bifacial technology is present at JKF-1. The presence of
at least one Nubian Levallois core at JKF-12, however, serves as a
reminder that caution is needed when making hypotheses on
topics such as dispersals from lithic technology, where in the
shifting frequencies of attribute states particular combinations
could be reinvented.
The JKF-1 assemblage occurs within the timeframe of the
transition from the middle (MIS 5) Middle Palaeolithic to the late
(post-MIS 5) Middle Palaeolithic in the Levant (Shea, 2013), the
only relatively well understood area of southwest Asia. MIS 5
Middle Palaeolithic sites in the Levant emphasise interchangeable
Levallois methods of recurrent centripetal and preferential with
centripetal preparation (e.g. Hovers, 2009). These sites are primarily known from the context of highly reduced assemblages in
caves, where high quality (chert) raw material was used. The
typical, although not universal, characteristic of the Levantine
Late Middle Palaeolithic is the prominence of unidirectional
convergent reduction to produce Levallois points. The existence of
this technology at JKF-1 may indicate a relationship with the

Fig. 18. Examples of lithics from Middle Palaeolithic sites at Jubbah. a: ‘from proximal convergent’ Levallois core from JKF-12, b: preferential Levallois core with centripetal
preparation from JSM-1, c, d: preferential Levallois ﬂakes with centripetal preparation, from JQ-1, e, f: recurrent centripetal Levallois core, JQ-1, g: discoidal core, JQ-1, h: preferential
Levallois ﬂake with ‘from proximal convergent’ scar pattern, JKF-1.
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Levantine Later Middle Palaeolithic (Crassard and Hilbert, 2013),
but several complications need to be considered. For instance,
at Levantine Late Middle Palaeolithic sites unidirectionalconvergent Levallois reduction often continued from initial
decortiﬁcation until the cores were extremely diminutive (e.g.
Demidenko and Usik, 2003; Henry, 2003; Groucutt, 2014). In
contrast, at JKF-1 unidirectional convergent reduction appears to
largely reﬂect only the middle phase of reduction. Secondly, the
production of points by debitage is by no means limited to the
Levantine Late Middle Palaeolithic, being found throughout the
African MSA (see Gresham, 1984 for an example). Some MIS 5
Levantine assemblages also contain signiﬁcant numbers of points,
including Skhul (Garrod and Bate, 1937) and Qafzeh unit XV
(Hovers, 2009). Point production can indicate adaptation rather
than phylogeny e as their abrupt appearance and disappearance
at Qafzeh probably demonstrates. Reduction at JKF-1 does not
appear to have been as focussed on Levallois point production as
Levantine Late Middle Palaeolithic sites such as Tor Faraj were
(Groucutt, 2014), and the comparative study of Scerri et al.
(2014a) shows that JKF-1 shares many similarities with northeast African assemblages.
As research progresses in areas such as Arabia, the diversity of
Middle Palaeolithic technology in southwest Asia and surrounding
regions is becoming increasingly evident, yet similarities and differences are being concealed by overly regional methodologies and
nomenclatures (e.g. Goren-Inbar and Belfer-Cohen, 1998; Vermeersch, 2001; Groucutt and Blinkhorn, 2013). In such a situation
the quantiﬁcation of variability, particularly by multivariate
methods (e.g. Scerri et al., 2014, 2015), is a paramount research
concern, and the mere presence or absence of particular features
(or discreet reduction ‘methods’) is unlikely to be particularly
informative.
6. Conclusion
Our analysis leads us to a number of conclusions on the character and implications of the JKF-1 lithic assemblage. Firstly, the
relatively poor quality of available raw materials led to factors such
as high levels of breakage, which we suggest likely inﬂuenced the
reduction methods employed. The site is located close to the main
raw material source (JKF-12), and reduction intensity is relatively
low. Nevertheless, morpho-technological characteristics correlate
with reduction intensity, and particularly a tendency from primarily unidirectional Levallois to a diversiﬁcation of reduction
methods.
The JKF-1 assemblage demonstrates similarities with both African and Levantine Middle Palaeolithic assemblages. The character
of lithic assemblages always reﬂects a balance between learned/
cultural traditions and situational factors, such as mobility strategies and raw material characteristics. The balance between such
factors e and more widely insights into topics such as dispersal and
adaptation e can only be understood by comparing spatially and
temporally representative assemblages, which are not separated by
thousands of kilometres and tens of thousands of years. Our results
suggest that comparative studies should ideally use assemblages
from similar environmental and geological contexts, at comparable
stages of reduction.
We have presented the ﬁrst detailed and full assemblage
description of a Late Pleistocene lithic assemblage from the interior
of Arabia. Future research will seek to understand spatial and
temporal lithic variability in Arabia and surrounding regions and
the implications of such variability. This research will help to contextualise the JKF-1 assemblage, which provides a window into the
occupation of interior Arabia during a period of environmental
amelioration.
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