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ARTICLE INFO ABSTRACT

Keywords: Recent studies have identified differences in handaxe reduction strategies within the Acheulian assemblages from
Amanzi Springs Amanzi Springs, with operational sequences that involve a variety of giant core methods to produce large flake
Handaxes

blanks, as well as being made directly on cobbles. Despite these different blank selection patterns, there is a
general standardisation in the final morphology of handaxes from Area 2 (~530 — <408 ka). This study uses
three-dimensional geometric morphometric, descriptive statistics and diacritical analyses to explore large flake
usage at the site, and its implications in handaxe morphology and manufacture. Our results demonstrate that
Amanzi knappers used large flake blanks with standardised characteristics and morphologies to shortcut chal-
lenging technical aspects of handaxe production. Despite previous descriptions of handaxes being large and
unstandardised in appearance, Middle Pleistocene knappers at Amanzi Springs were able to anticipate challenges
of the locally available raw materials by producing a range of large flake blank morphologies to overcome
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3D Geometric Morphometric
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knapping mishaps.

1. Introduction

The production of large flakes (>100 mm) as blanks for large cutting
tools (LCT) is a technological hallmark of the Acheulian technocomplex
(Sharon, 2007, 2010). A variety of giant core reduction methods has
been documented at Acheulian sites, which are in some cases specif-
ically predetermined for handaxe or cleaver shaping (Texier and Roche,
1995; Petraglia et al., 1999; Madsen and Goren-Inbar, 2004; Sharon and
Beaumont, 2006; Sharon, 2007, 2009, 2010, 2011, 2019; Shipton et al.,
2009; McNabb and Beaumont, 2011; Gallotti and Mussi, 2017; Herz-
linger et al., 2017b; Li et al., 2017). Despite variability in giant core
reduction strategies and raw materials, it is argued that LCTs produced
using large flake (>10 cm in length) blanks appear to be more stan-
dardized in form (Sharon, 2007, 2008, 2009, 2010; Sharon et al., 2011),
when compared to handaxes manufactured on cobbles or tabular clasts.
Large flake production therefore implies that Acheulian knappers un-
derstood how to attain blanks with the desired geometric features that
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were optimal for shaping LCTs. Sharon (2007, 2009, 2010) further
highlighted that morphological variability in LCTs is directly related to
blank selection. In addition, large flaking methods allow knappers to
shortcut aspects of the LCT shaping process, such as complex thinning
procedures, while also maintaining an extended cutting edge (Jones,
1994; Goren-Inbar and Saragusti, 1996; Madsen and Goren-Inbar, 2004;
Winton, 2005; Sharon, 2007, 2010; Shipton et al., 2009; Wynn and
Gowlett, 2018).

One site that has the potential to provide important information on
this debate is Amanzi Springs, located ~ 40 km north of Gqgeberha
(formerly Port Elizabeth) in the Eastern Cape Province of South Africa
(Fig. 1A). The site has yielded impressive finds of preserved wood and
organic material, along with an abundance of diagnostic Acheulian
material in stratified settings from two spring eyes that were excavated
by Ray Inskeep and Hilary Deacon in the 1960’s (Inskeep, 1965; Deacon,
1970). Recent studies have identified differences in handaxe reduction
strategies within the Acheulian assemblages from the Area 1 (~404 —
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390 ka) and Area 2 (~530 — <408 ka) spring eyes at Amanzi Springs,
which included a variety of large flaking methods (including the entame
and slab slice types), along with direct bifacial reduction of cobbles
(Herries et al., 2022; Caruana et al., 2023). In contrast, at Area 2 there is
an increase in large flake blanks in the younger (<481 or < 408 ka)
Surface 1 assemblage compared to the older Surfaces 2 and 3 handaxes
(~530 - 481 ka) (Caruana et al., 2023). These patterns suggest temporal
differences in the use of large flake blanks to manufacture handaxes at
the site, and here we investigate its potential advantages.

Algoa Bay
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Previous research has focused on the causes of variation in handaxe
forms at Amanzi Springs, which was initially described as “heavy and
unstandardized” (Deacon, 1970: 98). Analyses of handaxe production at
Amanzi Springs has highlighted considerable morphological variation
across different stratigraphic layers and spring eyes (Caruana, 2021,
Caruana et al.,, 2022, Caruana et al., 2023). Herries et al. (2022)
demonstrated that the Area 1 handaxe assemblage does not conform to
expected typological or technological trends of the later Acheulian
period. More recently, our analyses have demonstrated that the
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Fig. 1. A) Map of South Africa with documented Acheulian sites. Inlay of the Algoa Bay region (Eastern Cape Province), which shows the location of Amanzi Springs.
B) Map of Deacon’s (1970) excavation grid in Area 2, red line represents section of stratigraphy shown in (C; Adapted from Caruana et al., 2023). C) The stratigraphy
of Area 2 East Wall (redrawn from Deacon, 1970) with approximate locations of the luminescence dating samples taken in Cutting 5, Surface 1 and Deep Sounding
excavations (black triangles). The luminescence ages shown in the legend have been calculated from the weighted mean of the replicate TT-OSL and pIR-IR ages for
each sample, and are presented with their combined 1o uncertainty ranges (Adapted from Caruana et al., 2023).
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interplay between raw material quality and knapping mistakes during
the manufacturing process often led to early discard during primary
shaping phases (Caruana and Herries, 2020, 2021; Caruana, 2021;
Caruana et al., 2022, 2023). Thus, their morphology does not represent
the extent of technological knapping skill typical of later Acheulian
toolmakers, but rather tools that were discarded before they reached the
finishing phases of the reduction sequence. In addition, the site is hy-
pothesized to represent a raw material procurement and LCT workshop
site (Keller, 1973, Sharon, 2007, Caruana & Herries, 2020,2021, Car-
uana et al., 2023). This has been inferred by the LCTs representing
different stages of reduction with several un-finished or in the rough-out
stage of manufacture (Keller, 1973, Sharon, 2007, Caruana and Herries,
2020).

Given the observed increase in large flake blank use through time in
the Area 2 Deep Sounding assemblages, the aim of this study is to
compare technological and morphological variation in large flake versus
cobble-reduced handaxes from Deacon’s (1970) excavated assemblages
from Surfaces 2/3 (~530 — 481 ka), Surface 1 (<481 or < 408 ka) and
Cutting 5 (<408 ka) (Caruana et al., 2022, 2023). Our goal is to inves-
tigate whether large flake blanks provided any benefits in shortcutting
handaxe reduction sequences, specifically to avoid shaping phases that
were prone to knapping mishaps (i.e., the development of step and hinge
fractures and thick bifacial edges) (Caruana and Herries, 2021; Caruana
et al., 2022). To do so, we contrast morphological and technological
variability between handaxes made on large flakes produced through
different giant core methods. We present a series of three dimensional
geometric morphometric, descriptive statistical, and diacritical analyses
to explore large flake usage at the site, and its role in handaxe
morphology and manufacture. We then use these data to explore the
behavioural and cognitive implications of diachronic changes in large
flaking techniques and blank use.

1.1. A brief review of Acheulian large flaking methods

A high proportion of LCTs were made on large flake blanks, which
are common at Acheulian sites younger than ~ 1 Ma, and which we
informally refer to as the ‘later’ Acheulian period (McNabb et al., 2004,
McNabb, 2009, Archer and Braun, 2010; Shipton, 2011; Shipton et al.,
2014; de la Torre et al., 2014; Sharon, 2007, 2010; Gallotti et al., 2014;
Gallotti and Mussi, 2017; Goren-Inbar et al., 2018; Caruana et al., 2023).
Strategies for shaping LCTs made using large flake blanks primarily
focused on the modification of the dorsal surface, with the ventral side
being largely left untouched except for the systematic trimming of
percussion bulbs (Sharon, 2010). Despite raw material variation, LCT
manufacturing processes on large flake blanks were fairly uniform
(Sharon, 2008). Sharon (2007, 2008) further argued that increased use
of large flaking methods in LCT manufacturing was coupled with
increased mobility patterns in later Acheulian hominin populations (cf.,
Potts et al., 1999; Hallos, 2005; Archer and Braun, 2010; Preysler et al.,
2018; Presnyakova et al., 2018). While the later Acheulian is associated
with increased technical demands related to giant core reduction
methods, the ability to predetermine blank morphologies lessened the
dependence of Acheulian toolmakers on river cobble beds. Once ob-
tained, blanks could be transported over longer distances away from raw
material sources, which is further corroborated by fragmentation in LCT
reduction chains at Middle Pleistocene sites (Hallos, 2005; Presnyakova
et al., 2018; Caruana, 2022).

By ~ 1 Ma years or slightly before, several specialised giant core
reduction methods appear at Acheulian sites, including Victoria West
(Sharon and Beaumont, 2006; McNabb and Beaumont, 2011; Li et al.,
2017), Kombewa (Owens, 1938; Texier and Roche, 1995; Schick and
Clark, 2003), entame (i.e., cobble opening; Sharon, 2011; Gallotti et al.,
2021, 2023), Tabelbala-Tachenghit (Tixier, 1956; Alimen, 1978;
Sharon, 2009), slab-slice (Paddayya, 1977, 1982; Goren-Inbar et al.,
2018), Levallois (Tyron et al., 2005; Shipton, 2022) and a variety of
other unifacial and bifacial methods (Madsen and Goren-Inbar, 2004;
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Sharon, 2007). At the later Acheulian site of Kalambo Falls (~500 —
~300 ka; Duller et al., 2015; Barham et al., 2023), large flake blanks
were produced through prepared discoidal cores, where the circumfer-
ence of a boulder was bifacially flaked whilst maintaining adequate edge
angles (Toth, 2001). Similar methods were adopted by Acheulian
knappers at Gesher Benot Ya’aqov (~780 ka; Goren-Inbar et al., 2018),
where large bifacially worked basalt cores were knapped using alternate
flaking sequences (Madsen and Goren-Inbar, 2004). Madsen and Goren-
Inbar (2004, p.45) note that greater control can be obtained during the
knapping processes by preparing and striking a plain platform in be-
tween facets to control the morphology of the detached blanks. At
Isampur Quarry (India) (~1.2 Ma; Paddayya et al., 2002), cleaver flakes
were obtained from thick limestone slabs, prepared by centripetal re-
movals orientated at right angles to the bedding plane, which estab-
lished the necessary detachment angles and platforms (Petraglia et al.,
2005; Shipton et al., 2009).

In eastern Africa, the use of the Kombewa method for producing
standardised blanks becomes common after ~ 800 ka (Owen, 1938;
Texier and Roche, 1995; Schick and Clark, 2003; Sharon, 2009; Gallotti
and Mussi, 2017). A large flake is first removed from a boulder or cobble,
which then serves as the core for the detachment of a Kombewa flake
struck from the ventral face (Sharon, 2009). The resulting blanks have
an equally distributed volume, with two convex faces connected by an
extended cutting edge, which requires limited shaping to produce an
LCT (Sharon, 2009; Gallotti and Mussi, 2017). In southern Africa, the
Victoria West method has been documented at several sites along the
Vaal River by around ~ 1 Ma (Sharon and Beaumont, 2006; McNabb and
Beaumont, 2011; Leader, 2014; Li et al., 2017). These cores were hier-
archically organised and the lateral and distal convexities of the upper
surface were maintained to enable the removal of a single, side-struck
flake. The resulting blanks had steep pointed butt shapes and centripe-
tal flake scar patterns on the dorsal face (Sharon and Beaumont, 2006).
Entame (i.e., cobble opening) flakes have been noted in South Africa
(~530 - <408 ka, Caruana and Herries, 2020, 2021; Herries et al., 2022;
Caruana et al., 2023), North Africa (1.3 Ma, Gallotti et al., 2021, 2023),
and Iberian Peninsula Acheulian sites (Sharon, 2011). Entame flakes
were obtained by striking a cobble at an obtuse angle to produce a large
flake blank with a cortical dorsal face which required minimal modifi-
cation to be shaped into an LCT (Sharon, 2011). Sharon’s (2011)
experimental work found that the entame method required a degree of
planning depth by the knapper to control for the size and shape of raw
material packages and determine the location and angle of the percus-
sion blow to detach the large flake. The slab slice method utilises large,
flat slabs or cobbles, which were sliced through their thickness to obtain
a large flake of a desired morphology (Sharon, 2009). Sharon (2007,
2009; Paddayya, 1977, 1982) found that slice slab LCTs from the Hungsi
V site exhibited thick profile morphologies with steep lateral edges, and
cortex coverage on the bases. Many of these have two ventral faces and
thus resemble a kombewa or “janus” flake (Newcomer and Hivernel-
Guerre, 1974, Sharon, 2009).

The advantages of obtaining large flake blanks have been prelimi-
narily discussed. For example, Jones’s (1994) replicative experiments
highlighted that LCTs made on large flake blanks required less
manufacturing time and have a greater ratio of edge length to mass
when compared to cobble-reduced pieces. He further observed that
shaping cobble blanks required more attention to technically demanding
reduction phases, such as thinning, and restricted the overall LCT form.
McBrearty (2001) asserted that morphological standardisation and
thinness in Middle Pleistocene handaxe assemblages resulted from the
use of large flake blanks rather than reduction intensity and/or retouch.
Archaeological and experimental studies have stressed the difficulties of
handaxe thinning, which is essential to reducing weight and controlling
center of mass placement (Callahan, 1979; Shelley, 1990; Winton, 2005;
Gowlett, 2006; Stout et al., 2014; Caruana, 2022). Shelley (1990) and
Winton (2005) noted that inexperienced knappers tend to have trouble
reducing the thickness in bifacial tools, which is often complicated by
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the development of pervasive step and hinge fractures. However, Win-
ton (2005) also found that much of the difficulty in thinning was
bypassed when novice knappers used flake blanks instead of cobbles or
nodules, due to their pre-existing thin forms. In fact, the ability to select
an appropriate blank, according to size and shape, for a desired tool
from, is considered a measure of knapping expertise (Callahan, 1979;
Madsen and Goren-Inbar, 2004; Sharon, 2007).

Thus, the use of large flake blanks can have a significant impact on
LCT reduction processes, specifically for shortcutting the technical de-
mands of thinning procedures and avoiding knapping mishaps. Such
advantages are particularly relevant for handaxe production at Amanzi
Springs, where previous studies have found that many handaxes were
likely discarded before or during thinning. The specific quartzite ma-
terials (accounting for > 90 % of all lithologies used at the site) are prone
to step and hinge fracturing (Caruana and Herries, 2021; Caruana, 2022;
Herries et al., 2022; Caruana et al., 2022, 2023). Coupled with the
technical demands of platform preparation and controlling percussive
force during thinning, reducing cobbles was likely significantly chal-
lenging at Amanzi Springs. The observed increase in large flake blank
use throughout the Area 2 assemblages may therefore relate to ‘pre-
determining’ thinness in LCT morphologies in an effort to avoid
pervasive surface flaws (i.e., step and hinge fractures) as distinguished
from internal flaws within the raw material (Caruana et al., 2022, 2023).
Below, we test this hypothesis through various qualitative and quanti-
tative analyses to assess the potential effects of large flake blanks use
versus cobble reduction on handaxe forms. We also compare different
large flake blank types to explore the advantages of investing time and
effort in preparing giant cores as a means of attaining desired blank
morphologies.

2. Materials
2.1. Amanzi Springs Area 2

The Amanzi Spring site lies ~ 40 km north of Ggeberha (formerly
Port Elizabeth) in the Eastern Cape Province of South Africa and consists
of twelve inactive spring eyes located on the northern flank of Amanzi
hill ~ 2 km south of the Coega River valley (Fig. 1A) (see Herries et al.,
2022; Caruana et al., 2023). Peninsula Formation Quarzitic Sandstones,
derived from the Table Mountain Group (TMG), comprise the dominant
raw material type, which were incorporated into the Enon Formation
during the pre-Cretaceous period, which is characterised as a thick
bedded, poorly sorted conglomerate (Muir et al., 2017; Herries et al.,
2022; Caruana et al., 2023). Acheulian artefacts at Amanzi Springs were
manufactured predominantly on Enon quartzite, though silcrete arte-
facts were also recovered, which derive from a silcrete cap on top of
Amanzi hill (Deacon, 1970). While no large flat natural slabs have been
found in the Amanzi Springs assemblages, an abundance of natural
quartzite clasts ranging in size from pebbles to boulders are found
throughout the landscape surrounding the site (Caruana et al., 2023).
This includes locally available boulder-sized clasts (>25 cm in
maximum dimension) that range from tabular to ellipsoidal in both plan
and profile, with natural flat surfaces and rounded edges ideal for large
flake production (Caruana et al., 2023).

After preliminary excavations by Inskeep (1965), Deacon (1966,
1970) undertook extensive excavations of two Acheulian-bearing spring
eyes (referred to as Area 1 and 2) between 1964 and 1966 for his mas-
ter’s research. Deacon (1970) documented multiple stratified, archae-
ological deposits including those that contained extensive organic
remains, including preserved wood. Within Area 2, three distinct arte-
factual surfaces (Surfaces 1, 2, and 3) were identified in the ‘Deep
Sounding’ excavation in the central portion of the spring, along with
large accumulations of Acheulian material from the northern margins of
the spring in the Cutting 5 excavation (Fig. 1B) (Deacon, 1970). These
deposits were recently dated using a combination of single-grain quartz
thermally transferred optically stimulated luminescence (TT-OSL) and

Journal of Archaeological Science: Reports 53 (2024) 104393

multi-grain K-feldspar post-infrared stimulated luminescence (pIR-IRSL)
(Fig. 1C) (Caruana et al., 2023). In all cases, the replicate TT-OSL and
PIR-IRSL ages for individual luminescence dating samples overlap
within their 10 errors, and therefore the final sample ages have been
calculated using the weighted means of the two sets of ages. The Deep
Sounding excavations consist of two sealed surfaces (2 & 3) within a
White Sand unit dated to between ~ 534 and 481 ka, within MIS 13
(Caruana et al., 2023). Surface 1 occurs around 30 cm above lumines-
cence dating sample ASP18-3, which returned an age of ~ 481 ka
(Caruana et al., 2023). While it is thought that the Surface 1 artefacts
primarily come from deflation of material that was once in the upper
layers of the White Sands before it was truncated, we cannot conclu-
sively rule out material being incorporated onto the surface from units
overlying Surface 1 (Caruana et al., 2023). The marginal Cutting 5 de-
posits overlie the central White Sand units encompassing material from
the bottom of the ‘Grey-Black Silts’ unit, downward through the ‘Brown
Humic Sands’ to the top of the ‘Basal Clay’ unit, which has been dated to
~ 408 ka (MIS 11) (Deacon, 1970; Caruana et al., 2023). In some cases,
the artefacts from Cutting 5 appear to represent deflation onto surfaces
within the sequence, like the Surface 1 assemblage, but in other cases the
archaeology is sealed within the sedimentary units (Caruana et al., 2022,
2023). However, Deacon (1970) amalgamated artefacts from the
different units into one Cutting 5 assemblage, due to the complexity of
the stratigraphic sequence (Caruana et al., 2023). For this study, Sur-
faces 2 and 3 have been combined due their chronological overlap and
similarities in technological features (i.e., Deep Sounding) (Caruana
et al., 2022, 2023).

2.2. The Area 2 assemblage

In total, 89 handaxes, excavated by Deacon (1970) from Area 2, were
used in this study, which included 29 specimens from Surfaces 2 and 3
(Deep Sounding), 32 from Surface 1 (including Cuttings 6, 7, 8 and 9),
and 28 from Cutting 5 assemblages (Table S2). The sample of Deacon’s
(1970) material selected for this study includes only complete handaxes
where the blank type and/or giant core reduction method could be
determined. This excluded handaxes that were reduced to the point
where blank type could not be determined, or handaxes which were
broken. Cleavers were excluded due to small sample sizes across all
assemblages. All handaxes were made on Table Mountain Group (TMG)
quartzite of varying structural qualities (Herries et al., 2022; Caruana
et al., 2023).

3. Methods

The blank types of handaxes were identified using definitions pro-
vided by Isaac and Keller (1968), Paddayya (1977, 1982), McNabb et al.
(2004), Sharon (2007, 2009, 2011), Goren-Inbar et al. (2018) and
Garcia-Medrano et al. (2020), which included cobble and large flake
categories. The presence of a ventral surface, or a complete or partial
bulb of percussion distinguished large flake blanks, while handaxes with
cortex present on both faces indicated a cobble blank. Handaxes made
on large flake blanks were further separated by giant core reduction
methods, which included slab slice, entame, and side, end, and corner
stuck blank types (Figs. S3 — S6). Due to the low number (n = 3) of giant
cores found in Area 2 (Fig S1 & S2), we relied on observable diagnostic
features that distinguished different types of large flake blanks. Slab
slice handaxes were identified by their thick profile morphologies,
which had steep lateral edges, and cortical rounded or flat bases
(Sharon, 2007,2009). Many of these artefacts resemble kombewa or
“janus” flakes (Newcomer and Hivernel-Guerre, 1974), having two
ventral faces (Sharon, 2009). Sharon (2007, 2009) further notes some
LCTs were produced with at least one backed edge, giving them a knife-
like appearance, which was suggested to relate to the stage within the
giant core knapping sequence at which they were detached. The entame
handaxes were identified by their cortical striking platforms and
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minimally reduced dorsal surfaces (Sharon, 2011). We also included an
‘indeterminate’ large flake category where striking platforms and
ventral surfaces could be identified, but not distinguished in terms of
giant core reduction method. We identified these handaxes based on the
angle of the detachment strike relative to the long axis to the handaxe,
which included side, end, and corner struck blanks, following Isaac and
Keller’s (1968) definitions. We aggregated these indeterminate large
flake blank types due to their small sample sizes and the range of po-
tential unifacial and bifacial core design methods from which they may
have been produced (Madsen and Goren-Inbar, 2004; Sharon, 2007,
2009).

Diacritical descriptions of handaxe flaking methods are employed,
which focus on flaking patterns, volume management and cortex
removal are provided for context (de la Torre and Mora, 2018; Santonja
et al., 2018; Caruana et al., 2022). Standard metric measurements (mm)
were collected using digital calipers, including maximal length, width
and thickness, width and thickness for tip, midsection, and basal por-
tions, defined as 1/5, 1/2 and 4/5 of the tool length (Crompton and
Gowlett, 1993; Garcia-Medrano et al., 2020). Two-dimensional shape
variability was investigated using elongation (L/W) and refinement (W/
TH) ratios (Roe, 1968), and the scar density index (SDI) was calculated
using flake scar count divided by surface area as a proxy for reduction
intensity (Clarkson, 2013; Shipton and Clarkson, 2015). Step and hinge
fractures, referred to here as surface flaws (Caruana and Herries, 2021;
Caruana et al., 2022), were counted and their average length was
calculated for comparison.

Investigation of the morphological variability of the different blank
types was conducted using a three-dimensional, semi-landmark-based
geometric morphometric shape analysis. Handaxes were scanned using
an Artec Space Spider scanner and processed using the Artec Studio 15
Professional software, which produced water-tight, three-dimensional
meshes. These meshes were then imported into MeshLab (v.2020.07),
where normals were re-calculated and they were orientated before being
exported as WRL (Virtual Reality Modeling Language) files. In addition,
surface area (cmz) and volume (cm3) measurements were calculated,
along with cortex surface area (cm?) on meshes using the Geomagic
Warp (v.2017) software. Cortex ratios were calculated as a percentage of
total surface area (cortex surface area / total surface area * 100).

AGMT3D software (v.3.1) was used to perform three-dimensional
geometric morphometrics shape analysis (3DGM) following estab-
lished protocols (Herzlinger et al., 2017a; Herzlinger and Grosman,
2018; Herzlinger and Goren-Inbar, 2019, 2020). The AGMT3D software
automatically orientates and aligns meshes along their long axis, with
handaxe tips orientated upwards. However, for consistency each mesh
was rotated depending on the blank type, corresponding to which face of
the artefact was analysed first. Large flakes were always orientated with
the ventral surface as face A and dorsal face B, whereas, for cobble
blanks, the least shaped face of the artifact was designated as face A.
After positioning, the landmarks were established within a grid of 50 x
50, resulting in 5000 semi-landmarks per artefact (2500 per face). The
semi-landmark coordinates were subject to a generalized Procrustes
analysis (GPA) and a principal component analysis (PCA) using the
AGMT3D software. These data were also used to determine the degree of
bilateral and bifacial symmetry (Herzlinger and Grosman, 2018). A
perfectly bilateral or bifacial artefact would reflect a value of 0 in this
index, with increasing numbers reflecting less symmetrical shapes. The
non-parametric Wilcoxon Rank Sum Test was used to evaluate the sta-
tistical significance of mean shape differences between the inter point
distances of semi-landmarks samples (Herzlinger and Grosman, 2018;
Herzlinger and Goren-Inbar, 2019). The mean handaxe shape per
assemblage and blank production method were visualised as two-
dimensional hat maps, highlighting the relative variability of land-
marks between assemblage groups (Fig S7 — S9). All descriptive statistics
analyses were conducted using AGMT3D and R statistics software (R
Core Team, 2013).
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4. Results
4.1. Linear measurements and diacritical descriptions

Of the 89 handaxes analysed for this study, 76.4 % (n = 68) were
made on large flakes blanks and the remaining 23.6 % (n = 21) on
cobble blanks (Table S2). Within the large flake blank sample, 17.98 %
(n = 16) are entame flakes, 22.47 % (n = 20) are slab sliced flakes, 15.73
% (n = 14) are side stuck, 3.37 % (n = 3) are end struck and 16.85 % (n
= 15) are corner stuck flakes (Table S2). There is minimal variation in
handaxe metric variables between assemblages, as well as between the
four different blank production methods, with no statistically significant
differences identified (Figs. 2 & 3; Table S1). Scar density index (SDI)
values also show homogeneity across all three assemblages, with median
values in the range of 0.66 to 0.81 (Table S1). Similar SDI median values
are seen for each of the giant core reduction methods, ranging from 0.68
to 0.82 (Table S1). Cutting 5 handaxes show higher median elongation
and refinement values, as well as the lowest median cortex percentage,
but display the most intra-assemblage variability (Fig. 2D & E). Slab
Slice blanks present the lowest cortex percentage median value and least
variability in cortex coverage of all core reduction methods (Fig. 3J).
The Deep Sounding (Surfaces 2 and 3) present the lowest median tip
widths, but the highest median tip thickness value, suggesting more
pointed tips forms (Table S1). In addition, cobble blanks have the
highest mean values for average flaw length, and the longest maximum
step scar length (Table S1).

4.2. Diacritical handaxe descriptions

4.2.1. Bifacial cobble reduction

Twenty-one handaxes were made directly on cobble blanks, aver-
aging 134.19 mm in length, 84.16 mm in width and 53.36 mm in
thickness, with the smallest mean mass at 617.61 g. Cobble blank se-
lection prioritised naturally elongated tabular to ellipsoidal shapes in
both plan and profile, with rounded edges (Caruana et al., 2023). Ex-
periments have shown that cobble blanks tend to exhibit thick rounded
or square edges, which can make the beginning of bifacial reduction
sequences difficult (Callahan, 1979; Jones, 1994). Handaxe manufac-
ture on cobbles in the Area 2 sample was focused primarily on one or
two series of bifacial flake removals around the margins of the blank,
perpendicular to the long axis, with a noticeable lack of extensive
thinning to manage volume. Similar patterns are noted in the Area 1
handaxe assemblage (Herries et al., 2022). Flaking was concentrated in
the top half of the tool, with minimal to no flaking in the basal portions
(Fig. 4C, Fig S3). All cobble-reduced handaxes have convergent tip
shapes, and seventeen with convex butt shapes that preserve the
morphology of the original cobble blank. Cobble blanks were first sha-
ped during a roughing out stage, with knapping sequences initiated on
the flatter surface to establish platforms and aid volume removal from
opposing faces (Newcomer, 1971; Whittaker, 1994). Following this, a
short sequence of flake removals on the opposing faces established a
bifacial edge, which was followed by a series of larger invasive flake
scars to start removing cortex and volume around the tip. A secondary
shaping sequence or small retouch scars were used to regularise areas
along the edges and tip (Fig. 4C).

4.2.2. Entame blanks

Sixteen handaxes were produced on entame flakes, averaging 153.39
mm in length, 94.43 mm in width, 50.59 mm in thickness, with the
highest mean mass of all blank production methods at 805 g. The han-
daxes made on entame flakes show the most variability in length, ranging
from 97.21 to 208.48 mm (Table S1). Sharon (2011) suggested that the
entame flaking method is only productive with flatter cobbles and
boulders, which allow for flakes to be stuck at obtuse angles deeper into
the body of the raw material package. If the cobble or boulder is too
spherical, the entame flake blanks produced are too thick to be shaped
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Fig. 4. Area 2 handaxes on large flakes and cobble blanks (A) Entame flake, (B) Slab Slice flake, (C) Bifacial cobble reduction.

into LCTs (Sharon, 2011). Although the degree and intensity of flaking
vary across the sample, the majority of entame handaxes exhibit gener-
alised convergent tips, with straight outline profiles. Seven of these
handaxes preserve a cortical platform, with the remaining nine having
been removed by a short series of unifacial flakes around the margins.
Fourteen handaxes show dorsal flake removals, which are primarily
concentrated in the top half of the tool, to remove cortex and establish a
bifacial edge (Fig. S4B). Two handaxes have a short, overlapping uni-
facial flaking sequence around the circumference of the dorsal face
(Fig. 4A, Fig. S4C). Of the sixteen entame handaxes, eleven have residual
cortex in their bottom halves, mainly located in central and basal por-
tions, while the remaining five have cortex that covers most of the dorsal
surface. Flaking on the ventral surface is associated with bulb trimming
or lowering the bifacial edge deeper into the dorsal volume. Seven

handaxes show intensive flaking on the ventral surface, with either a
sequence of regularly spaced, marginal invasive flakes around the
circumference or one-to-two large flakes that penetrate the midline of
the tool. One artefact is unifacially flaked, with two series of flake re-
movals concentrated around the tip and medial edges (Fig. S4A). The
remaining eight have minimal flaking on the ventral surface.

4.2.3. Slab slice blanks

Twenty handaxes were produced on slab sliced flake blanks, of which
three different handaxe morphologies were identified based on the point
in the knapping sequence at which they were discarded (Sharon, 2009;
Goren-Inbar et al, 2011). No giant cores exhibiting slab sliced
morphology have been recovered from Area 2 excavations to date, and
as such, identification of this core reduction method is based on the
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characteristics of the handaxe blanks themselves (Sharon, 2009; Goren-
Inbar et al., 2011). Sharon (2007, 2009) noted that slice slab LCTs from
the Hungsi V site exhibit thick profile morphologies, with steep lateral
edges, and cortical rounded or flat bases. Many of these artefacts
resemble kombewa or “janus” flakes (Newcomer and Hivernel-Guerre,
1974), having two ventral faces (Sharon, 2009). Additionally, Sharon
(2007, 2009) notes some LCTs were produced with at least one backed
edge, giving them a knife-like appearance, which was suggested to relate
to the stage within the giant core knapping sequence at which they were
detached.

Three handaxes from Area 2 have a shoulder or initial slice flake
morphology (Paddayya et al., 2006; Sharon, 2009; Goren-Inbar et al.,
2018) and preserve the corner of the original raw material nodule or slab

Journal of Archaeological Science: Reports 53 (2024) 104393

(Fig. S5B). These handaxes show that the large flake blow was struck
perpendicular to the long axis of the tool using a naturally flat portion of
the original nodule or slab as a platform. Cortex is predominantly pre-
served in the base of these tools around the bulb, and along one margin
on the dorsal face. Flaking patterns are primarily restricted to the top
half of the tool (i.e., tip shaping) to establish a bifacial edge on one or
both margins. Nine handaxes are characterised by either one large
removal on the dorsal surface, or two large removals resembling a
“wedge” morphology (Goren-Inbar et al., 2018), with subsequent pri-
mary flaking and secondary shaping patterns not penetrating past the
midline of the tool (Fig. S5A). Volume is distributed through the length
of the tools, and cortex is preserved where the blank was struck, with a
bifacial edge running the circumference of the tool stopping at the

———— > Flake Scar >
®——> Flake Scar with Impact Point b
————— Flake Scar with Step or Hinge Termination

@®—— Flake Scar with Step or Hinge Termination and Impact Point

Retouch Flake Scar

Retouch Flake Scar with Step or Hinge Termination

.9 Large Flake Blow Direction

D> Large Flake Blow Direction with Impact Point

5cm

l:' Primary Shaping

- Secondary Shaping or Edge Retouch

D Ventral or Unmodified Surface

Cortex

Fig. 5. Area 2 handaxes on large flake blanks (A) corner struck flake, (B) end struck flake, (C) side struck flake.
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cortical base. The remaining six handaxes are characterised by their
convergent plan shapes with tapered profiles around the tip with volume
primarily situated in the basal portions (Fig. 4B, Fig. S5C). Flaking
patterns rarely penetrate past the midline of the tool, with a secondary
shaping sequence or small edge retouch scars used to regularise areas
along the edges and tip.

4.2.4. Large flake blanks

Thirty-two handaxes were produced on either end, side, or corner
stuck blanks (Fig S6). Three handaxes were made on end struck flakes,
two of which preserve cortical platforms. Flaking patterns are restricted
to the margins, with flake removals located on both faces to establish a
bifacial edge and tip. All three handaxes have convergent tips and
convex butt shapes, preserving cortex in the lower half of the dorsal face
of the flake blank. Flake scars do not penetrate to the midline on two
handaxes, except for the upper 5th of the tool to define a tip (Fig. 5B,
Fig. S6A). Small secondary shaping scars were used to trim the bifacial
edges, although no attempts were made to thin volume on the dorsal
face of the flake blank. One handaxe has two opposing large preferential
flake scars on the ventral face which penetrate past the midline,
perpendicular to the long axis of the tool (Fig. S6B).

Fourteen handaxes were produced on side struck flakes, with thir-
teen showing trimming of the bulb of percussion and platform on the
ventral surface. Twelve of these handaxes had cortex remaining, pri-
marily located around the point of percussion or on the lower half of the
dorsal face of the flake blank. Flaking patterns are mostly concentrated

10

IS
T

N
T

PCO02 Scores
explains 11.83% of variability
o
T

N
T

Journal of Archaeological Science: Reports 53 (2024) 104393

around the lateral margins, with short removals that do not penetrate
past the midline or either the ventral or dorsal face (Fig. S6F). Nine
handaxes have one or two flakes scars that penetrate the midline on the
dorsal face, although most of these are from previous removals during
the initial giant core reduction sequence to obtain blanks. Five handaxes
exhibit a unifacially shaping strategy, using the flat ventral surface of the
flake blank as a platform to strike of a series of continuous short mar-
ginal flakes along the length of edge into the dorsal face. These handaxes
were rotated, repeating the same flaking strategy, although using the
dorsal face as the platform to strike of a series of continuous short
marginal flakes into the ventral face (Fig. 5C, Fig. S6E).

Fifteen handaxes were produced on corner struck flakes, with nine
showing bulb and platform trimming. Thirteen of these handaxes pre-
serve cortex, primarily located around the point of percussion or on the
lower half of the dorsal face. All handaxes exhibit convergent tip shapes,
with a range of butt shapes. Seven have one or two large, wide flake
scars on the dorsal surface of the flake blank that penetrate to the
midline in the top half of the tool, followed by marginal flaking patterns
along one or both edges (Fig. S6D). Flaking on the ventral surface is
either restricted to platform trimming to even out volume across the
blank, or a short invasive flaking sequence along one or both margins to
establish a bifacial edge. Small, secondary shaping scars were used to
trim the bifacial edges, with no attempts were made to thin the dorsal
face. Two handaxes exhibit the continuous unifacial edge shaping
strategy, whereby the dorsal or ventral face was used as a platform to
strike of a series of short marginal flakes into the opposing face. The final
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Fig. 6. Scatterplot of first two princpal components of the Area 2 Cutting 5, Surface 1 and Deep Sounding (Surface 2 and 3) handaxe assemblages. Ellipses reperesent
95% confience ellipses. The illustrations on each PC axis represent the shape trend of the princpal component.
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six handaxes show intensive flaking on both faces, with a more sym-
metrical volume distribution throughout the blank. A primary, followed
by a secondary shaping series is exhibited across both faces with small
edge retouch scars were used to form the edges and tip (Fig. 5A,
Fig. S6C).

4.3. Three-Dimensional morphological analysis

Principal component analysis on the 89 scan meshes produced 88
principal components (PCs) with 90.11 % of variation explained by the
first 25 PCs. Together PC1 (21.43 %) and PC2 (11.83 %) explained the
first 33.27 % of the total morphological variability (Figs. 6 & 7). There is
significant morphological overlap between all three samples, with the
Surfaces 2 and 3 (Deep Sounding) handaxes loading stronger positive
influence on PC2 (Fig. 6). Cutting 5 and Surface 1 occupy a similar
space, with Cutting 5 loading slightly stronger negative influence on
PC1. PC1 represents a shape trend ranging from thicker to thinner blank
morphologies and a decrease in the width in the bottom third of the
artefact. PC2 represents pointed to ovate tip shapes, with thinner distal
morphologies loading on the negative axis. Fig. 7 displays PCA results
comparing different large flake and cobble-reduced handaxes. Again, all
four samples occupy a similar morphological space, although bifacial
cobbles and slab slice flakes are slightly more skewed towards the pos-
itive end of PC1 and PC2, showing higher proportions of pointed tip
morphologies with mass distributed more towards the basal end of the
artefact. Cobble-reduced handaxes load on the positive ends of PC1 and

PCO02 Scores
explains 11.83% of variability
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PC2, reflecting a higher prevalence for shaping around the tip portions
of the tool, with basal regions largely left unshaped. Similarly, most of
the mass and cortex in slab slice handaxes is centred in the basal por-
tions, resembling classic cheese wedge shapes (Sharon, 2007, 2009).
End, side, and corner-struck flake blanks load towards the negative end
of PC1, with more elongated and thinner morphologies. Entame flake
blanks show an evenly distributed spread of morphological variability
across PC1 and PC2, indicating a more standardised final shape.
Assemblage level differences in mean shape variation between flake
and cobble blanks were tested using the parametric Wilcoxon rank-sum
test, which returned a significant result (rank sum = 6747, n1 = 21, n2
= 68, p =<0.01) (Table S3). The mean shape differences show that
cobble blanks are more variable in the mid-section portions, whereas
large flake blanks show the most variation in both the left and right
portions of the basal region (Fig. S7). Cutting 5 handaxes show the
lowest shape variability value (7.05), with thinner and elongated shape
types, compared to the Surfaces 2 and 3 handaxes, which show a larger
proportion of pointed short shapes, with maximum thickness located in
the bottom half of the tools (Table 1). A statistically significant differ-
ence was observed between the mean shape of the Surfaces 2 and 3 and
Cutting 5 samples (rank sum = 2914, nl = 28, n2 = 29, p = 0.03),
whereas the mean shape between the Surfaces 2 and 3 and Surface 1,
and Surface 1 and Cutting 5 show no significant differences (Table S3).
Further examination of the spatial distribution of the overall mean shape
shows that Cutting 5 handaxes differ both in the thinness of the blank,
and along the lateral edges in the bottom third of the tools (Fig. S8),
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Table 1
Shape variability and distribution of morphological variability across three spatial dimensions in Area 2 handaxes.
Cutting 5 Surface 1 Deep Sounding Cobble Bifacial Entame Large Flaking Slab Slice

N 28 32 29 21 16 32 20
Shape Variability 7.05 7.21 7.76 7.30 7.04 7.00 7.47
% Caused by X (width) 43.67 38.77 39.36 43.91 41.09 46.09 37.66
% Caused by Y (Length) 3.89 3.50 1.96 2.78 3.43 3.22 3.02
% Caused by Z (Thickness) 52.44 57.73 58.67 53.31 55.48 50.70 59.32

compared to both the Surfaces 2 and 3 and Surface 1 handaxes, which
tend to be thicker in the medial and basal portions of the tools (Fig. S8).
All three assemblages exhibit a range of pointed tip morphologies with
minimal differences in the top third of the tools, with the Cutting 5
handaxes showing the most tip shape variability (Fig S8). With regards
to both bilateral and bifacial symmetry, the Cutting 5 sample has the
lowest mean values between the three assemblages (Table S6 & S7),
with a statistically significant deviation from bilateral symmetry (rank
sum = 656, p = 0.01) (Table S4). However, the degree of deviation from
bifacial symmetry between the three assemblages is not significant
(Table S4 & S5). This could suggest that symmetry in both plan and
profile was not a priority for Amanzi knappers when manufacturing
handaxes (Caruana, 2020, 2021).

In terms of reduction methods, the three large flaking methods and
cobble bifacial methods show a similar degree of shape variability,
although the large flaking method (end, side and corner struck flakes)
shows the lowest shape variability value (7.00) (Table 1). Again, how-
ever, there was a statistically significant difference in the amount of
shape variability between handaxes made by direct bifacial reduction of
cobbles and the large flaking and entame methods (end, side, and corner
stuck flakes: rank sum = 2121, nl = 21, n2 = 32, p = <0.1; entame
flakes: rank sum = 1141, n1 = 21, n2 = 16, p = <0.1) (Table S3).
Further examination of distribution of overall mean shape variability
across these handaxes shows that cobble blanks exhibit the most vari-
ation along the mid-section edges (Fig. S9), whereas both large flakes
and entame blanks are more variable around the proximal areas of the
tools. Entame, slab slice and large flakes also deviate from cobble blanks,
with more centralised variation in the bottom half of handaxes, which
relates to the configuration of the volume and the position of the bulb of
percussion. Furthermore, a statistically significant difference was
observed between the mean shape of large flakes and slab slice blanks
(RS = 2378, n1 = 32, n2 = 20, p value = 0.02) (Table S3). Examination
of the mean shape shows a more even distribution of mass throughout
slab slice blanks compared to large flakes, which preserves more mass in
the medial portions (Fig. S3). In addition, the bifacial edges of the large
flake blanks appear more sinuous, especially around the medial to basal
portions, which could relate to the removal or trimming of the bulb of
percussion in both side and corner stuck flake.

The overall morphological variation in the Area 2 handaxe assem-
blages is mostly concentrated in relative width and thickness dimensions
(Table 1). However, the distribution of morphological variability be-
tween relative length, width and thickness is mostly standardized be-
tween assemblages, with few notable exceptions. The Surfaces 2 and 3
(Deep Sounding) presents low values of variable length compared to the
other assemblages, which could relate to the higher number of cobble
blanks in the assemblage (Table S2). Slab slice blanks show relatively
low values of length and width but the highest value for thickness,
suggesting that slab slice blanks vary little in overall plan shape
(Table 1).

5. Discussion

The production of handaxes on large flakes can be achieved using a
range of initial blank morphologies or different giant core methods,
enabling flexibility in operational sequences from procurement, initial
core reduction, through to the handaxe manufacturing and shaping
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processes. This is especially the case for cleaver production, which en-
tails both pre-planning and configuration of knapping surfaces to detach
a large flake with predetermined characteristics (Texier and Roche,
1995; Herzlinger et al., 2017b). However, our results suggests that
certain blank characteristics and morphologies were specially selected
by Amanzi knappers for producing handaxes.

5.1. Benefits of large flake blanks for handaxe production

5.1.1. Initial blank selection

Handaxe morphological variability across all Area 2 handaxe as-
semblages was influenced by a range of technological procedures, the
most prominent of which was the degree of shaping, while handaxe
profiles and overall thickness appear to be more influenced by initial
blank selection. Thinning a handaxe is considered to be the mostly
technically difficult stage of the manufacturing process, involving a se-
ries of hierarchical knapping routines to detach invasive flakes which
penetrate the midline of the tool to remove mass and manage surface
convexities (Newcomer, 1971; Callahan, 1979; Caruana, 2020, 2021,
2022; Stout et al., 2014; Shipton, 2018). To successfully do this, knap-
pers must identify and manage internal flaws and prevent the develop-
ment of extremely thick edges which can lead to flaking accidents
resulting in step and hinge fractures (Callahan, 1979; Shelley, 1990;
Jones, 1994).

Thus, initial blank selection and the primary phase of handaxe
reduction have a substantial impact on the later stages of the
manufacturing process, including the ability to remove mass and thin
these tools (Callahan, 1979; Madsen and Goren-Inbar, 2004; Winton,
2005; Sharon, 2007). For example, the roughing out phase leaves the
knapper with an intermediate handaxe form, which requires judgement
on whether to precede with further shaping and thinning (Winton,
2005). This initial shaping phase is the most morphologically variable
stage of handaxe manufacture, and imperfections in raw materials must
be removed to proceed with secondary shaping and thinning. The
removal of cortical surfaces, especially for cobble blanks, during this
early roughing out phases is critical in both forming the handaxe plan
shape and establishing the bifacial edges (Newcomer, 1971; Callahan,
1979). The interplay of these issues can be seen in the Area 2 handaxe
assemblage, with several handaxes documenting the earlier phases of
reduction, and not progressing through to a secondary shaping or
thinning phase, due to the development of large surface flaws or being
unable to remove cortex or centralised mass on the blank.

5.1.2. Morphological standardisation

Large flakes are the most common blank type used for handaxe
manufacture across all three assemblages in Area 2, while the use of
cobble blanks decreases in the younger, Cutting 5 (<408 ka) assem-
blage. The range of technological procedures used to detach large flakes
at Area 2 resulted in similar handaxes forms. To some extent, the shape
and size of raw material packages must have played a role in deter-
mining handaxe morphologies, which is reflected in the homogeneity of
metric measurements across the assemblages and different blank types
(Figs. 2 & 3). Handaxes manufactured on cobble blanks follow a
standardised procedure, whereby the basal portion is largely left un-
worked, with most of the shaping located on the tip and mid-sections.
Alternatively, primary flaking patterns, as well as secondary shaping,
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on flake blanks show a tendency towards developing or extending the
perimeter of the bifacial edge compared to modifying the volume of the
blank or outline symmetry.

The results of the 3DGMM shape analysis show that there is sub-
stantial overlap in morphology in the first two principal components,
which could be the result from high intra-group morphological vari-
ability (Herzlinger and Goren-Inbar, 2020). However, there are clear
statistical differences in the mean shape between the ~ 530-481 ka
Surface 2/3 (Deep Sounding), which show a tendency for thicker and
more pointed handaxe forms, and the < 481-<408 ka Surface 1 and <
408 ka Cutting 5 handaxes, which show less standardisation in tip
morphology but thinner longer flake blanks. Mean shape distribution is
mostly standardised in plan-view, although a decrease in overall han-
daxe thickness is visible through time, starting from Surface 2/3 (Deep
Sounding), through Surface 1 and into Cutting 5 (Fig S2). In contrast, the
significant morphological differences between cobble blanks and the
other three large flaking methods were likely related to both the
convergent tip morphology, treatment of lateral edges, and the preser-
vation of mass in the bottom half of cobble handaxes.

5.1.3. Surface flaws and bifacial edge development

Previous studies have suggested that the interplay between raw
material quality and knapping mistakes during manufacturing processes
often led to early discard of handaxes during primary shaping phases at
Amanzi Springs (Caruana and Herries, 2020, 2021; Caruana, 2021;
Caruana et al., 2022, 2023). Callahan (1979) noted that hard-hammer
percussion on quartzites often produced incipient step and hinge frac-
tures due to internal raw material flaws. Likewise, Jones (1994) high-
lights that the tough, coarse-grained internal structure of quartzite often
made the detachment and shaping of large flakes difficult due to
crushing and/or splitting of flakes when inadequate percussive force
was used. Step fractures also tend to propagate with the retouching of
more obtuse edge angles during LCT shaping (Jones, 1994). Caruana
et al. (2022) identified a trend in LCT flaking patterns in the younger
Surface 1 and Cutting 5 assemblages, where changes in flaking angles
and additional shaping phases were used to isolate and remove surface
flaws. While surface flaws are documented in all Area 2 handaxe as-
semblages, cobble blanks show a tendency for slightly larger average
flaw lengths. Furthermore, both Callahan (1979) and Jones (1994) state
that cobble blanks tend to exhibit thick rounded or square edges, which
can make the beginning of bifacial reduction sequences difficult. As
such, the toughness of the Enon quartzite may have inhibited both the
successfully opening of cobbles and the ability to detach long invasive
flakes to penetrate the midline. However, the increase in large flake
blank use at Area 2 seems to only mitigate or shorten the knapping se-
quences related to creating a thin lenticular handaxe while still experi-
encing surface flaws.

5.1.4. Extent of cortex coverage

While the extent of cortex coverage on the Area 2 handaxe varies,
only a few have been completely stripped of cortical surfaces. The
presence of residual cortex likely relates to the raw material toughness
and/or the size and shape of the original blank, with larger blanks
requiring more flake removals to fully remove the cortex. However, the
full decortication of cobbles was seldom achieved by the Amanzi
knappers when manufacturing handaxes, regardless of blank size.
Moreover, large flake blanks tended to retain residual cortex on the
dorsal surface, usually at the proximal end, suggesting that relatively
short core reduction sequences were used to obtain the large flake blanks
prior to handaxe manufacture. The location and amount of cortex,
coupled with the specific shaping strategies used for each blank type,
suggest that the Amanzi knappers focused their efforts on modifying tips
while leaving base ends thick and relatively unmodified. Although the
presence of cortex may also relate to a functional aspect of handaxe
manufacture (Gowlett, 2006), slab slice blanks appear to have circum-
vented the need to remove extensive amounts of cortex.
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Slab slice blanks showed the lowest cortex range for all blank types,
with residual cortex primary located around the basal portions of the
tool. Sharon and colleagues (2007, 2009; Goren-Inbar et al., 2011)
report that obtaining large flake blanks with slab type morphologies is
highly efficient, allowing the knappers to exploit the natural geometry of
the raw material clast with minimal preparation. Flake blanks could be
struck perpendicular to the thickness of the clast, using the natural flat
surface of the slab or cobble as a platform (Sharon, 2009). Sharon (2009)
further notes that many giant core methods were adapted to the natural
shape of the local raw material, including both slab slice and entame
methods. While no large flat natural slabs have been found in the
Amanzi Springs assemblages, an abundance of natural quartzite clasts
ranging in size from pebbles to boulders are found throughout the
landscape surrounding the site (Caruana et al., 2023). Locally available
boulder-sized clasts (>25 cm in maximum dimension) range from
tabular to ellipsoidal in both plan and profile, with natural flat surfaces
and rounded edges ideal for large flake production (Caruana et al.,
2023). As such, the adaption of giant core reduction methods to local
raw materials was critical for the Amanzi knappers to overcome the
challenges related to manufacturing handaxes directly on cobbles
(Caruana and Herries, 2021; Caruana et al., 2022). Instead, slab slice
and entame methods presented the knapper with both thinner blank
morphologies and a consistency in cortex coverage that required mini-
mal modification.

6. Conclusion

The results of this study indicate that operational sequences used to
manufacture handaxes by Middle Pleistocene (~530 — <408 ka) homi-
nins at Amanzi Spring Area 2 incorporated flexibility in blank produc-
tion by using a variety of large flake core reduction strategies to exploit
the natural geometry of raw material packages. This enabled the pro-
duction of a variety of large flake blank types that offered knappers the
opportunity to shortcut both the thinning and decortication phases of
handaxe manufacture. In contrast, handaxe manufacture directly on
cobble blanks required the knappers to adapt their flaking strategy to the
constraints of available raw material clasts. Although the use of cobbles
as blanks typically produced longer surface flaws early in the reduction
process, all blank types appear to have produced high rates of surface
flaws during handaxe manufacture. An increase in the use of large flake
blanks in the younger Surface 1 and Cutting 5 assemblages (481 — <408
ka) resulted in a decrease in overall handaxe thickness. It is therefore
possible that knappers, through time, increased large flake blank use to
shortcut the challenges associated with extensive thinning (Callahan,
1979; Shelley, 1991; Caruana and Herries, 2021). The increase in the
variety of large flake production methods in the Surface 1 and Cutting 5
assemblages allowed the Amanzi knappers to be more selective about
raw material shapes and sizes, and secondly, produce blanks with
standardized characteristics and morphologies, which could be pre-
dictably manufactured into handaxes.
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