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Summary - North Africa is a key area for understanding cultural processes that led to the Acheulean pan-
African emergence and expressions and the related hominin population dynamics. Unfortunately, little is known

about the early Acheulean in this vast area of the Afvican continent due to the scarceness of archaeological sites in

stratigraphic context with reliable chronometric data, human remains, and technological analyses of the lithic
industries. Here, we present the first comprehensive techno-economic analysis of the early Acheulean assemblage
Sfrom Thomas Quarry I — Unit L1 (Thi-L1, Casablanca, Morocco), which is the earliest Acheulean site of
North Africa, unambiguously dated to 1.3 Ma. Fieldwork has unearthed faunal remains and a lithic collection

containing over 3800 artefacts, which represents one of the largest series for the early African Acheulean. The
assemblage is mainly composed of quartzites and to a lesser extent of silicites, both abundantly available near
the site. Previously published results of the silicite study revealed two different productions for the extraction of
small flakes and of bladeler-like flakes. In this work, we analyse the techno-economic systems of the quartzite
assemblage. Tiwo distinct quartzite productions co-occur, one devoted to the manufacture of Large Cutting Tools
(LCTS), the other focused on the extraction of small-medium sized flakes. LCT5 were usually produced from

large cobbles, less often from large flakes detached mainly using the entame core method. The main technical
objective was to obtain large pointed tools and, more rarely, large tools with a transversal cutting edge. Results

support the existence of a strong synergy between conceptual and operational schemes regulated by the ability to

anticipate the final tool morphology and to apply standardized shaping procedures to manufacture recurrent
morphotypes. Quartzite small-medium sized flakes were produced by a diversity of flaking methods adapted
to the cobble blank morphologies and were not retouched. The results allow to assess that the earliest technical
expression of the Acheulean in North Africa is characterised by a high diversification of the stone knapping
outcomes, the complexity of the mental templates, and the flexible structure of the operational schemes.

Keywords - North Africa, Morocco, Early Acheulean, Techno-economic systems, Small flaking, LCT

production.

Istituto Italiano di Antropologia, founded in 1893 by Giuseppe Sergi


mailto:rosalia.gallotti@univ-montp3.fr

The early Acheulean of Casablanca

Introduction

Over the last two decades, the research on the
early Acheulean has multiplied on the African
continent. Research overarching aims in East and
South Africa included the refinement of the chron-
ostratigraphic framework in which early Acheulean
emerged and developed, the opening of new sys-
tematic excavations, the investigation about the
ecological adaptations of the early Acheulean homi-
nins, their technological behaviors and subsistence
strategies (e.g. de la Torre 2016; de la Torre and
Mora 2018; Gallotti and Mussi 2018; Kuman
and Gibbon 2018; Leader et al. 2018; Lotter and
Kuman 2018; Prassack et al. 2018; Stanistreet et
al. 2018; Uno et al. 2018; Diez-Martin et al. 2019;
Uribelarrea et al. 2019; Yravedra et al. 2019; Sistiaga
et al. 2020; Duke et al. 2021; Hovers et al. 2021).

Such as East and South Africa, North Africa
is rich in Acheulean sites, well known since the
end of the nineteenth century (Bleicher 1875;
Collignon 1887; Pallary 1888; Riviere 1896; Boule
1900; Chantre 1908; Breuil 1930; Reygasse 1930).
Research expeditions have multplied over years,
but, although several Lower Palaeolithic sites were
discovered, most of them lack a stratigraphic con-
text (e.g. Alimen 1955; Balout 1955; Vaufrey 1955;
Biberson 1961a; Champault 1966; Clark 1992;
Mattingly et al. 2003; Reynolds 2006; Boudad
and Guislain 2012; Parenti et al. 2015; Cancellieri
2021). Accordingly, the timing and mode of the
early Acheulean emergence and its subsequent
development are poorly understood in this part of
Africa and many aspects remain open questions.

In Algeria, the site of Tighennif yielded human
fossils and animal bones as well as lithic artefacts
in the lower deposits probably belong to a nor-
mal magnetic polarity interval, either the Brunhes
chron or the Jaramillo subchron (Geraads et al.
1986; Geraads 2016). In addition, a few Acheulean
tools have been recently found at the top of the Ain
Hanech Formation within the surficial calcrete
deposits sealing the stratigraphic sequence. They
would have an age of around 1.67 Ma after the
estimation of sediment accumulation rate (Parés et
al. 2014; Duval et al. 2021). Nevertheless, further
work is necessary to confirm such inference.

As regards the Early Pleistocene, the only known
North African Acheulean sites in stratigraphic con-
text are in Atlantic Morocco, discovered thanks to
the construction works started between the end of
ninetieth century and the dawn of twentieth cen-
tury (Raynal et al. 2017; Mohib et al. 2019; Raynal
2021; Gallotti et al. 2022). The growing city of
Casablanca demanded the opening of large quarries
allowing the discovery of an exceptional geological,
paleontological, and archaeological heritage. The
coast of the Moroccan Meseta, between Kenitra in
the north and Safi in the south, shows a vast sys-
tem of longitudinal dune ridges parallel to modern
coast that present an exceptional development in
the Casablanca region. These morpho-sedimentary
units are composed of marine and acolian calcaren-
ites that have left a record of a succession of palaco-
shorelines since the end of the Miocene. Since 1917,
this sequence captured the interest of many geolo-
gists and archaeologists and played a central role in
the establishment of a Quaternary stratigraphic and
cultural framework in North-west Africa (Lecointre
1926, 1952; Breuil 1930; Bourcart 1943; Antoine
1945; Gigout 1951, 1958; Biberson 1956, 1961a,b;
Stearns 1978; Lefevre 2000; Mohib 2001; Raynal
et al. 2001, 2002, 2017; Lefevre and Raynal 2002;
Lefevre et al. 2021).

After the first attempts defining the cul-
tural sequence of the Lower Palacolithic of the
Casablanca region (Neuville and Ruhlmann
1941; Antoine 1952), P Biberson, who had been
entrusted in 1949 to monitor the works in the
Casablanca quarries, started systematic excavations,
notably at Sidi Abderrahmane where he discov-
ered a fossil Homo (Biberson 1956). In 1958, he
established the basis of the geological scheme which
came into widespread use for the Maghreb, succes-
sively refined and finally published in 1961 in a vol-
ume devoted to the paleogeographical framework
of the Palaeolithic in Atlantic Morocco (Biberson
1961b). Simultaneously, Biberson (1961a) pub-
lished the results of the excavations carried out since
1950 in several quarries of Casablanca in the monu-
mental volume “Le Paléolithique inférieur du Maroc
Atlantique’. Following a methodology inspired
by the technological and typological approaches
of E Bordes (1947, 1950), he established the
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fundamental characters of the ancient Palaeolithic
industries and proposed an adequate terminol-
ogy to their definition and the associated descrip-
tive criteria. He defined also the guidelines of the
typological evolution of these industries to propose
a synthesis that represented the reference for more
than 40 years for the ancient prehistory in Adantic
Morocco (Biberson 1961a).

Biberson identified two main civilizations in
the Lower Palaeolithic: 1) the Pebble-Culture,
which was divided in two stages (ancient
and developed), successively defined as “Pre-
Acheulean” (Biberson 1967) and 2) the Acheulean,
divided into ancient, middle, and developed.
He separated further ancient Acheulean into
three stages. Biberson (1961a) ascribed the Sidi
Abderrahmane Grande Exploitation Quarry-Unit
M industry to the early Acheulean (stages I and
II; Fig. 1A). It contained Acheulean forms (tri-
hedrons, handaxes, cleavers, spheroids), large
flakes (the “Clactonian” component of Neuville
and Ruhlmann, 1941) and various forms of
cobble tools, associated with a very fragmentary
fauna dominated by Hippopotamus. Stage 111 of
the early Acheulean was identified by Biberson in
layer D of the Société de Transformation Industrielle
(S.T.L.C.) Quarry (Fig. 1A), located beyond the
south extremity of Sidi Abderrahmane Grande
Exploitation Quarry. This layer yielded a rich
quartzite assemblage composed by various types
of handaxes, cleavers, trihedrons, bifacial and
multifacial cores, and a few bolas.

In 1978, a joint Morocco-France research pro-
gram began in Casablanca area (Raynal etal. 2017;
Mohib et al. 2019; Raynal 2021). New fieldwork,
discoveries, absolute dating, and systematic exca-
vations in classical and new sites allowed 1) the
revision of the chronostratigraphical framework of
the Quaternary littoral deposits of the Casablanca
region, establishing a New Casablanca Stratigrafic
Scale (Supplementary Material A and Fig. SI;
Texier et al. 1994, 2002; Lefevre 2000; Lefévre
and Raynal 2002; Lefevre et al. 2021), and 2)
the revision of the cultural sequence proposed by
Biberson (Raynal et al. 2001, 2002, 2009, 2010,
2017; Raynal and Mohib 2016; Mohib et al.
2019; Gallotti et al. 2020, 2021, 2022).

Thomas Quarry I (Fig. 1A), firstly investigated
by Biberson and later on known for its human
remains (Ennouchi 1969; Raynal et al. 2010,
2011), was re-examined in 1985 revealing the pres-
ence in stratigraphic context (Unit L) of a rich lithic
assemblage of quartzites and silicites', together with
fauna, and approximately dated to ~1.0 Ma based
on biochronology and OSL dates (Raynal and
Texier 1989; Rhodes et al. 2006). Recently, results
of magnetostratigraphy, coupled by geochemical
analysis, provided a high-resolution chronology,
dating ThI-L to ~1.3 Ma (Gallotti et al. 2021). A
first attempt of typological classification ascribed
the industry belonging to the first excavation cam-
paigns to a First Regional Acheulean (Raynal et al.
2017; Mohib et al. 2019; Gallotti et al. 2022).

The overarching aim of this paper is to present
the first comprehensive techno-economic assess-
ment of the lithic assemblage from ThI-L1, the
carliest North African Acheulean site recorded in
stratigraphic context. The results of the study of the
silicite assemblage, which represent 12.3% of the
total artefacts (Gallotti et al. 2020) will be consid-
ered in the discussion section. Here, we report the
detailed analysis of the quartzite assemblage with
specific research aims including the reconstruc-
tion of the chaines opératoires and of the conceptual
schemes and operational solutions adopted.

Our analysis paid particular attention to the
raw material-related knappers' behaviours, i.e.
the technical responses to raw material stimuli, in
order to evaluate the degree of adaptation and/or
“emancipation” of the technical process from natu-
ral constraints. More precisely, 1) we questioned
the human technical responses to the lithological,
geometrical (forms and volumes), and topological
qualities/limits of the raw materials; 2) we evalu-
ated if technical processes indicate different levels of
knowledge and knowhow, linked to specific charac-
teristics of the natural blanks, and 3) we evaluated
if technical variability is determined by occasional

! In scientific literature, the terms flint and chert are controversial
depending on whether they are used by geologists, archacolo-
gists, petrographers or sedimentologists. Following Raynal etal.
(2022), here we use the general term silicites for hyper-siliceous
rocks including chert, fling, silcrete, and hydrothermal silica.
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Fig. 1 - (A) Map location of the Thomas Quarry I
on North-Africa map: modified after NASA/JPL/
NIMA, public domain, via Wikimedia Commons.
Casablanca map: modified after NASA/SRTM, 1
arc second global elevation data, created using
the free and open source software QGIS v3.18.2
(http:// www. qgis. org). (B) Members 1 to 4 of
the OHF at ThI. (C) ThI-L, Zone 1: OH1 Bed 2-Unit
L-L1 to L5 deposits.

choices, i.e. the outcome of the human adaptation,
or reveals an invariant knowledge, free from the sev-
eral constraints imposed by the raw materials.

Results are discussed in the context of the
Early Pleistocene North African industries.

Thomas Quarry I-L1 in the
Casablanca regional context

The Thomas Quarry I Pleistocene deposits
belong to the Oulad Hamida Formation (OHF)
which includes four allostratigraphic units - OH1
to OH4 Members from bottom to top (Fig. 1B;
Supplementary Material A and Fig. S1).

Thomas Quarry I-Unit L (ThI-L) archacologi-
cal site belong to OH1-Bed 2 deposits (Fig. 1B).
It consists of over 2-3 m succession of yellow fine
to coarse locally trough cross-bedded sands and
calcareous mudstone, called L1 to L4 (Fig. 1C).
Bioclastic sands more or less bioturbated, partially
decarbonated, and cemented form L5 at the upper
part of Bed 2. They represent aeolian deposits
which accumulated in damp vegetated depressions
with evidence of pedogenesis during warm episodes
of subaerial exposure (Texier et al. 2002; Gallotti et
al. 2021; Lefévre et al. 2021).

The archacology of ThI-L is limited to archaeo-
stratigraphic sub-units L1 at the base and L5 at the
top (Fig. 1C). ThI-L1 has been surveyed and tested
on about 1000 m? and systematically excavated in
1988-1996 and 2006-2008 in two main areas of 68
m? (Zone 1) and 75 m? (Zone 2) and 20 m? of test
trenches (Fig. 2A-E). ThI-L5 has been excavated only
in Zone 1. Both sub-units yielded faunal remains,
lithic artefacts, and unmodified pebbles/cobbles.

OH1-Bed2 limestone was dated to 989 + 208
kaand 948 + 599 ka, using the OSL signal of quartz
grains with large uncertainties (Rhodes et al. 20006).
Paleomagnetism indicates that OH1-Bed 2 is older
than MIS 31 (Jaramillo Subchron) and possibly
older than MIS 35. Reverse polarity of OH1-Bed
2 and alternation of pedogenesis during warm epi-
sodes and Saharan dust inputs allow to correlate L1
to Marine Isotope Stage (MIS) 43 or 39, and subu-
nit L5 to MIS 41 or early MIS 37 (Gallotti et al.
2021; Supplementary Material A and Fig. S1).
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Fig. 2 - (A) Horizontal plan with the distribution of all the mapped remains at ThI-L1. (B) View of the
ThI-L1 excavation in 2007. (C) View of the Zone 2 excavation of ThI-L1 in 2007. (D, E) Details of the
Zone 2 excavation of ThI-L1 in 2008.
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Tab. 1. ThI-L1. Categories of the quartzite

assemblage.

CATEGORIES MAPPED SIEVING TOTAL %
Cores 442 - 442 13.1
Core fragments 52 3 55 1.6
Whole flakes 438 437 875 25.9
Broken flakes 272 609 881 25,2
Retouched flakes 1 2 3 0.1
Large flakes 17 = 17 0.5
LCTs 219 - 219 6.5
LCT tips 10 5 15 0.4
Hammerstones 30 - 30 0.9
Debris 181 655 836 24.8
Total artefacts 1662 1711 3373 100.0
Pebbles 864 1928 2792 89.6
Broken pebbles 24 21 45 1.4
Cobbles 273 = 273 8.8
Broken cobbles 3 - 3 0.1
Total unmodified 1166 1949 3115 100.0
objects

Materials and methods

Systematic excavations by the Franco-

Moroccan Casablanca program at ThI-L1 yielded
3845 lithic artefacts (3373 of quartzites and 472
of silicites) and 3677 unmodified objects (3115
of quartzites and 562 of silicites). Sediments have
been collected from each 1 m?, dissociated with
diluted acetic acid and sieved by water to recover
lithic small items (Tab. 1).

As the study about the silicite assemblage has
been recently published (Gallotti et al. 2020;
Supplementary Material B, Tab. S1, and Figs. S2
and S3), we report here the study of the quartz-
ite assemblage analysed between 2017-2019 and
in 2022, which is stored at the field laboratory
of Thl and at Institut National des Sciences de
[Archéologie et du Patrimoine (INSAP) in Rabat.

The study of the artefacts is founded on the
techno-economic approach following the chaine
opératoire concept (Leroi-Gourhan 1964, 1971;
Lemonnier 1976, 1986; Pelegrin 1985; Geneste
1989, 1991; Perlés 1991; Inizan et al. 1999). We
examined all the technical sequences involved in
lithic production in order to decipher the related
skills and competencies. The analysis of unmodi-
fied items (pebbles and cobbles) recovered at
ThI-L1 was conceived as an integral part of the
techno-economic analysis (Inizan et al. 1999;
Goldman-Neuman and Hovers 2011; Gallotti and
Mussi 2017). As first step in chaine opératoire recon-
struction, we performed the particle size distribu-
tion analysis of the lithic industry, which allows to
evaluate the integrity of the collected series (Schick
1986; Lenoble 2005; Bertran et al. 2012; Maurin
et al. 2017). In addition, experimental knapping
was carried out on quartzite cobbles collected in
current or fossil beaches, i.e., 19 productions for
a total of 1350 items measured (Fig. S4). The
details of the analysis procedures are available in the

Supplementary Material C and Figs S4 and S5.

Results

The quartzite assemblage composition and its
integrity

Two main quartzite productions coexisted
at ThI-L1: one devoted to the production of
LCTs, the other focused on the flaking of small
to medium-sized flakes. Cobbles and rare peb-
bles bearing percussion marks were used as active
hammerstones for knapping (Tab. 1).

All cores were exploited to produce exclu-
sively small-medium flakes. However, small-
medium flakes could belong to both small flak-
ing and LCT shaping but are dimensionally
distinct from the large flakes used as blanks for
the LCT manufacture (Fig. 3A). This metrical
dichotomy corresponds to an intrinsic and not
an arbitrary division.

The number of negative scars on the ana-
lysed cores and LCTs accounts to 5770, 3401
belonging to LCTs and 3333 to cores, while

the number of the analysed small-medium sized
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Fig. 3 - (A) Size distribution (mm) of quartzite cores, whole flakes (including retouched flakes),
large flakes, and LCTs. (B) Distribution of the experimental flake width >5 mm by type of production
and comparison with ThI-L1 industry (outliers not shown).

flakes (whole, broken, and retouched) is 1615.
Flake count shows a large deficit, but flakes
document all the knapping stages and meth-
ods identified in the core and LCT analysis
and cannot be automatically interpreted as the

result of a spatio/temporal fragmentation of the
chaines opératoires.

Experimentation provides clues to under-
stand flakes production. The distribution of the
experimental flake width is relatively constant
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Y Thl-L1 quartzite industry
(N=3235)

experimental flaking
on Casablanca quartzites
(N=1350):

e n > 50 flakes

o n <50 flakes

experimental flaking
from Bertran et al. 2012

Q.
100 % 0%

5-10 mm

Thl-L1 industry, total > 5 mm without hammerstones

mesh 5-10 mm 10-20 mm >20 mm

width 7,1-141mm 14,1-283 mm >283 mm total

N 902 990 1343 3235

% 28% 31% 42 % 100 %

ref. technical objective 5-10 mm 10-20 mm >20 mm total
a |beveled handaxe 110 49 28 187
b [bifacial partial core 4 6 5 15
¢ |bifacial partial core 34 15 13 62
d |bifacial partial core (broken) 33 11 7 51
e |discoid core 21 33 30 84
f |discoid core 19 31 20 70
g |discoid core (broken) 26 13 17 56
h |pick 6 23 18 47
i |pointed handaxe 159 72 42 273
j |pointed handaxe 43 17 21 81
k [pointed handaxe 36 17 24 77
| |pointed handaxe (broken point) 31 38 27 96
m |[pointed handaxe (broken point) 19 8 7 34
n [unifacial unidirectional core 8 13 2 23
o |unifacial unidirectional core 3 8 7 18
p |unifacial unidirectional core 14 24 15 53
q |unifacial unidirectional core 29 12 9 50
r |unifacial unidirectional core 28 14 14 56
s |unifacial unidirectional core (broken) 8 6 3 17

total 631 410 309 1350

Fig. 4 - Ternary diagram of 5-10 mm, 10-20 and >20 mm fractions, and table of results.
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from one technical objective to another (Fig.
3B). The ternary diagram representing the pro-
portion of 5-10 mm, 10-20 and >20 mm frac-
tions of both archaeological and experimental
series allows the following results (Fig. 4):

- 'The particle size composition of the ThI-L1
series shows a large proportion of coarse frac-
tions. On the ternary diagram (Fig. 4), it is
outside the experimental area defined by Ber-
tran et al. (2012), in the area of sites residual-
ized by runoff. Some of the smaller objects
have therefore disappeared from the initial
assemblage, as also shown by the techno-eco-
nomic study of the industry. Due to the wa-
ter assisted deposition environment, runoff
partly explains this sorting. Fabric analysis of
large elongated quartzite artefacts and bones
distributed on the archaeological surfaces at-
tests just a slight re-orientation (Raynal et
al. 2002). Several unmodified pebbles are
largely located at bottom of ThI-L1 deposit
and this sedimentary structure implies that
low current transported and deposited sedi-
ments. Nevertheless, artefacts preserve fresh
cutting edges, though small items may have
been displaced.

- Most of the experimental assemblages which
provided sufficient fragments (7 > 50) present
a composition in accordance with the results
published by Bertran et al. (2012), mainly
based on silicite flaking. However, four ex-
periments (referenced ¢, f; | and p) show dif-
ferent compositions, with a >10 mm fraction
more important. On the ternary diagram,
they are located in the same sector, near the
point representing ThI-L1 industry (Fig. 4).
Even if these four experiments provided a
small part of the entire experimental corpus
(303 items), they suggest that the convex en-
velope grouping the knapping experiments
for Acheulean industries on quartzite should
be extended to the coarser fractions, which
future experiments will have to confirm. This
result also suggests that the sorting of the Thl-
L1 assemblage is probably moderate, affecting
only the smallest elements. We must consider
that ThI-L1 deposits outcrop on a thousand

square meters. This surface only represents a
fraction of Bed 2 which extends on several
hundred meters to the South-West and is
fossiliferous all along. In such an extended
open-air site we must expect a fragmentation
of tasks and mobility of artefacts within it, as
already pointed out by Champault about the
site of Tachenghit (Algeria) cited in Biberson
(1961a). Moreover, ThI-L1 was on the edge
of a fluctuating water body and this implies
some disturbance of its internal organization
caused by temporary flooding. Thus, counts
of the different knapping products from the
excavated areas may not be representative of
the site composition and this limits the tech-
nological discussion about the actual chaine
opératoire segmentation (Gallotti et al. 2020).

Raw materials

The lithic assemblage of ThI-L1 is mainly
composed of Paleozoic tenaceous rocks (87.7%
of the artefacts and 84.7% of the unmodified
objects), i.e., quartzites abundantly available in
local primary and secondary sources. The remain-
ing objects are of silicites (Gallotti et al. 2020).

The term “quartzites” includes several vari-
eties of Cambrian-Ordovician basement rocks
that form the bulk of the Casablanca anticlino-
rium and are essentially Acadian and Arenig in
age (Cailleux 1994). At the base of the Acadian,
there are shales, siltstones, micaceous and chlo-
rite sandstones (Bouznika shales), then arkozic
feldspathic arenites and feldspathic grauwackes
interspersed with fine sandstones that form a
bar in the landscape (El Hank “quarzite” forma-
tion (Fig. 1A); Delarue et al. 1956; Destombes
and Jeannette 1956, 1966); on the roof of the
Acadian, more or less coarse green schists, grau-
wackes and arenites form the Dar Bouazza series
(Hamoumi and Izart 1994; André et al. 1987).
These Cambrian deposits are interspersed with
volcanic facies, flows, tuffs, and conglomer-
ates with volcanic pebbles (Zahraoui 1991).
The Ordovician is represented by a thick series
of more than 1000 m: conglomerates, chlorito-
thinned pelites, fine sandstones or quartzites
form bars (Zahraoui 1991).
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Fig. 5 - (A) Quartzite outcrop and cobble beach at El Hank. (B) Quartzite outcrop at Sidi Abderrahmane.
(C) Quartzite outcrop at Dar Bouazza showing a large joint system. (D) Cobble beache at Dar
Bouazza. (E) Cobbles from present beaches bearing concussion fractures along the edges (1, 5);
broken cores from ThI-L1 showing a joint fracture occurring during flaking (2-4); LCT (6) and core
(7) from ThI-L1 showing ancient removals probably due to percussion fractures; core on an ancient
flake (8) from ThI-L1.
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The quartzites are low-porous, dense rocks
with variable mechanical properties depend-
ing upon bedding, cracking, porosity, and
alteration. They form the basement of the Mio-
Plio-Pleistocene formations of the Casablanca
sequence. They were exposed on the foreshores
(Fig. 5A) or were locally preserved in points
(Fig. 5B). Notched by the wadis and Quaternary
paleo-rivers, they largely supplied the alluvial
deposits of the wadis and the various ancient
beaches with pebbles/cobbles of various shapes
and sizes. Even today, the raw material is still
available in the form of whole or naturally frac-
tured cobbles (Fig. 5D): from Casablanca to
Dar Bouazza (Fig. 1A), there is a diverse range
of clasts on today’s beaches (whole pebbles/cob-
bles, broken pebbles/cobbles, blocks, and small
fragments).

We have distinguished a light grey facies,
very well crystallised, with conchoidal fracture
and mechanical properties very close to those
of silicites and largely outcropping between El
Hank and Sidi Abderrahmane (Fig. 1A; Fig. 5A),
and some less silicified and micaceous varieties,
less resistant to weathering, greenish to purple
and available in the form of cobbles outcropping
between Sidi Abderrahmane and Dar Bouazza
(Fig. 1A; Fig. 5C). Quartzite unmodified items
and artefacts from ThI-L1 mainly belong to the
light grey facies.

Present outcrops show large joint systems
(Fig. 5C) and internal planar bedding and joints.
Beach cobbles retain these “planes”, which are
often not visible on the external surface. During
knapping, they can hinder the propagation of
the conchoidal fracture and provoke the break-
age of the blanks. In the ThI-L1 assemblage
internal joints frequently caused the breakage of
the cobbles after detaching few flakes (Fig. SE:
2-4). Other natural fractures are due to the for-
tuitous concussion caused by the impact of other
stones on cobble beaches. These fractures, usually
adjacent and/or overlapping and located on the
cobble edge, may mimic intentional knapping
removal negatives (Fig. 5E: 1, 5). Unlike joints,
the presence of concussion removals could be a
possible selection criterion during procurement

since they could create suitable angles for knap-
ping and facilitate the initial knapping phases.
Indeed, the archaeological assemblage yielded
some cores and LCTs displaying previous detach-
ments, well distinguishable from negative scars
connected with the flaking/shaping process due
to their high degree of abrasion and most prob-
ably due to concussion mechanisms (Fig. 5E: 6,
7). However, it cannot be excluded that some
of these fractures may represent actual ancient
removals, documenting the recycling of rolled
artefacts as it would seem to document the core
in Fig. 5E: 8, which blank is an ancient flake.

Quartzite unmodified assemblage

The analysed unmodified assemblage is
composed by 3115 quartzite items (131.35 kg).
Their length varies between 5 and 189 mm and
their frequency decreases with increasing length
(Fig. S6A). 64.4% are pebbles with a length <3
cm, a size never used as blank for knapping. The
remaining 35.6% is largely composed by pebbles
between 31 and 63 mm (# = 816) followed by
medium sized cobbles (7 = 160 with a length
between 64 and 100 mm), both corresponding
to the blank size for small flaking cores, large
cobbles (7 = 115 with a length between 101 and
189 mm) matching the blank size for both small
flaking and LCT manufacture, and broken peb-
bles and cobbles (7 = 48). The three dimensions
of these three groups have great variation (Fig.
6A-C). However, the thickness of the large cob-
bles, regardless of their morphology, varies much
less than their length and width (Fig. 6A) and
could represent a selection criterion for LCT
blanks (see section 4.5).

Among the pebbles and cobbles suitable for
knapping, ovoid shape is the most common form
(Fig. 7: 2-6; Fig. S6B-D), followed by subcircular
(Fig. 7: 1, 7-9, 15; Fig. S6B-D), subquadrangu-
lar (Fig. 7: 10-13; Fig. S6B-D) and subtriangular
forms (Fig. 7: 14; Fig. S6B-D).

Subquadrangular and subtriangular forms are
usually rounded elements preserving the natural
angles of the quartzite clast before it was rounded
off by the transport. Despite their rounded
shape, also ovoid and subcircular pebbles and
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