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Abstract

Levallois technology characterizes the Middle Stone Age/Middle Palaeolithic, but
one of its earliest manifestations is from the preceding Acheulean of the Kapthurin
Formation, in the Rift Valley of east Africa. Here,~400 ka, hominins were creat-
ing large flake blank handaxes and cleavers through Levallois knapping. Compar-
ing these tools with other Rift Valley Acheulean assemblages made on large flakes
shows those of the Kapthurin Formation are distinguished by their thinness. This
was achieved through symmetrical centripetal preparation of gentle upper surface
convexities on the Levallois cores, the creation of a protruding facetted platform,
and proximal bevelling of the upper surface. A large elongate flake blank was struck
from the facetted platform, then finished with marginal trimming to create the sym-
metrical and regular edge of the handaxe or cleaver. As they were used for the crea-
tion of handaxes and cleavers, the Kapthurin Acheulean Levallois cores and flakes
are much larger than that of the Middle Stone Age, with overshot flakes from exces-
sive force a more frequent error. The Acheulean Levallois is further distinguished
from those of the Middle Stone Age by the lack of recurrent flaking, with cores
apparently producing only a single preferential flake without any repreparation of
the main flaking surface, despite the cores being big enough for further large blank
removals, and even if the preferential removal overshot and was abandoned. The key
advantage offered by Levallois in general is large thin elongate flakes. In its Kap-
thurin Acheulean manifestation, Levallois was used to create an individual tool, but
in the Middle Stone Age it was often used to make toolKits.
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Introduction

Levallois is the most hierarchically complex knapping mode of the Palaeolithic
(Muller et al., 2017), and is associated with both Neanderthals (Moncel et al.,
2020) and early Homo sapiens (Richter et al., 2017). In its classic definition
(Boéda, 1994; Van Peer, 1992) it involves flaking a bifacial disc of stone with
the two hemispheres having a hierarchical relationship, such that one is primarily
a platform for striking flake products from the other. Critically, the main flaking
surface is shaped to predetermine the form of the products, while the main plat-
form has many small flakes removed (facetting) to isolate and strengthen it prior
to the forceful Levallois flake removal. Levallois flakes are consequently large
relative to the size of the core (preferential), and they are longer than they are
wide (elongate).

Levallois is the characteristic technology of the Middle Stone Age (MSA),
but it was also used in both the Later Stone Age (LSA) (Pleurdeau et al., 2014;
Shipton et al., 2021) and occasionally at Early Stone Age (ESA) Acheulean sites.
Seven large Levallois and Levallois-like cores for making Acheulean biface
blanks have been reported from Taung in southern Africa, but they are a rare
component (< 15%) of an undated larger assemblage (Kuman, 2001: 11). Some
sites in the Horn of Africa have Acheulean handaxes and cleavers in association
with Levallois cores, but the latter are generally too small to have been used in
creating blanks for the former. These include an undated industry from north-
ern Somaliland (Clark, 1954: 160-169), and the ~ 160 ka Upper Herto Member of
Ethiopia’s Middle Awash valley, where the lithics were found in association with
early Homo sapiens fossils (Sahle et al., 2019). In North Africa, the final Acheu-
lean from the Moroccan site of Sidi-Abderrahman (extension and Cap Chatelier
localities) has small Levallois cores (Biberson, 1961: 453—462), which likely date
to less than~400 ka (Gallotti et al., 2021; Raynal et al., 2001). At Amane Ouk-
ider in Morocco, Acheulean large flake blanks were being produced on Levallois
cores, but the assemblage is an undated surface collection (Arzarello et al., 2012).

The earliest date suggested for Levallois anywhere in the world is from the
800-700 ka Acheulean site of Gesher Benot Ya’aqov in the Levant where a single
large core and numerous small cores are classified as such (Goren-Inbar et al.,
1994, 2018). However, these cores do not display the combination of hierarchi-
cally arranged surfaces, with shaping of the upper surface, platform facetting on
the lower surface, and preferential flaking at the end of the reduction sequence
(Goren-Inbar et al., 2018: 208-213), that would be required to meet strict defi-
nitions of Levallois. Perhaps the earliest well-dated and unambiguous instance
of Levallois technology is from the Acheulean of the Kapthurin Formation to
the southwest of Lake Baringo, Kenya, where it was used to make large flake
blanks for handaxes and cleavers ~400 ka (Blegen et al., 2018; Gowlett, 1999;
Leakey et al., 1969; McBrearty, 1999; Tryon et al., 2005). This paper character-
izes the Levallois products from this early occurrence through statistical compari-
son with flake blank handaxes and cleavers from other east African Acheulean
sites. In addition, the Acheulean Levallois cores from the Kapthurin Formation
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are compared through qualitative and quantitative comparisons to Middle Stone
Age equivalents both from around Lake Baringo and further afield.

The Kapthurin Formation Acheulean

The Kapthurin Formation is a series of Middle and Late Pleistocene sedimentary
and volcanic deposits exposed to the west of Lake Baringo in the eastern Rift Valley
(Fig. 1). Several Acheulean and MSA localities have been discovered in the Forma-
tion which is named after the Kapthurin River that incises it. A sequence of tephras
have been dated and correlated to provide a robust chronology for the Kapthurin

29°E 30°E 31°E 32° 33°E 34°E 35°E

Fig. 1 Location of Olduvai Gorge and the Acheulean assemblages used in this study. Figure made with
GeoMapApp (www.geomapapp.org) / CC BY (Ryan et al., 2009)
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sequence (Blegen et al., 2018; Tryon & McBrearty, 2006). The artefacts used in this
study derive from excavations and stratigraphically controlled surface collections
conducted by Margaret Leakey and colleagues in 1966 (Leakey et al., 1969), supple-
mented by later collections of a handaxe and cleaver by Peter Tallon, and a refitting
Levallois flake by Sally McBrearty (who used the site code GnJh-03).

Fieldwork was conducted by Leakey and colleagues in two sites <2 km apart
on either side of the Kapthurin river: the Living Site, comprised of four localities,
of which the densest was the Leakey Handaxe Area; and the Factory Site, which
included a dense locality called the Paul Abell Site. Systematic surface collections
were made at the Living Site, which included 25 handaxes (described as ovates), 17
cleavers (including ‘chisel-ended’ pieces), and occasional Levallois cores and flakes
(Leakey et al., 1969). Two thirds of the handaxes and cleavers were clearly made on
flake blanks in which strike direction was apparent from the remnant ventral surface.
In the remaining third it was not possible to tell strike direction, though it seems
probable that flake blanks were used given the lack of evidence for an alternative
reduction schema (Leakey et al., 1969).

The highest of the surface artefacts at the Living Site occurred immediately
below the level of a ‘pumiceous buff-green’ tuff. An excavation was conducted in
the Leakey Handaxe Area to determine the horizon from which the surface arte-
facts derived. This produced numerous artefacts below the tuff, featuring con-
joins, although no bifaces or Levallois items (Leakey et al., 1969). Surface col-
lections were made at the Factory site including of nine Levallois cores and two
handaxes, one of which was found to refit back to its parent core. An excavation
was conducted to determine the stratigraphic derivation of these artefacts, which
produced a large Levallois core and flake within a clast rich horizon, estimated to
be~10 m below the tuff identified at the Living Site (Blegen et al., 2018; Leakey
et al., 1969). Subsequent work has established that the tuff in question is the Korosi
Airfall Pumices dated to 395.6+3.5 ka, with both the Living Site and the Factory
Site occurring in the upper part of the same geological member (K3), stratigraphi-
cally above the Lebus tuff dated to 465.3 + 1 ka (Blegen et al., 2018).

In total, shaped tools and retouched pieces constitute 4.7% of artefacts from
the Living Site, but just 0.9% of those from the Factory Site (Leakey et al., 1969).
As their names indicate, the typological distinction between the two sites sug-
gests the Living Site was a habitation area and the Factory Site a workshop, the
latter making use of the boulders among which the in situ artefacts occur. This
dichotomy in large site types is widespread in the Acheulean, representing the
beginning and end points of handaxe and cleaver reduction within the same broad
lifeway (e.g. Shipton et al., 2018a). While the height difference between the sites
may indicate they were not occupied contemporaneously, they both fall within the
same stratigraphic window (Blegen et al., 2018; Tallon, 1978), and they belong to
the same tradition in which, unusually, large Levallois cores were used to make
handaxe and cleaver blanks (Gowlett, 1999; Leakey et al., 1969; McBrearty,
1999). A noteworthy feature of the knapping technology at both the Living Site
and the Factory Site is the systematic production of blades (Leakey et al., 1969),
with conjoins and refitting pieces from the former, including the excavation (Cor-
nelissen, 1992; Gowlett, 1990; McBrearty, 1999, 2001). Interestingly, blade cores
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show the opposite pattern to Levallois cores, only occurring at the Living Site,
with the smaller size of the blade cores (Leakey et al., 1969: 65), suggesting they
were a curated artefact type.

The artefacts analysed here are currently housed in the National Museum of
Kenya and all available undamaged shaped handaxes and cleavers, and Levallois
cores and flakes were used in this study. As much of the shaping of the large cut-
ting tools from these sites was done on the core rather than as retouch, they do not
fit comfortably under the umbrella term of Acheulean biface. They are referred to
variously as ovate handaxes, ‘unifaces’, and bifaces, even within the same paper
(McBrearty, 1999: 150). Of the 18 specimens classified in this study as handaxes
or cleavers, 6 only have retouch on the dorsal surface, and 2 were not retouched at
all (Fig. 2). However, their morphology of shaped elongate symmetrical tools with
relatively thick butts and thin tips, having a tear-drop shape for handaxes and a broad
bit at the tip for cleavers is consistent with other Acheulean assemblages. The origi-
nal collectors saw these artefacts as handaxes and cleavers (Leakey et al., 1969), and
previous morphometric analysis has shown these specimens display similar patterns
in shape variation to older Acheulean assemblages in the region, such as Karian-
dusi (Gowlett & Crompton, 1994) and Kalambo Falls (Gowlett et al., 2001). While a
dearth of ventral retouch is unusual in the Acheulean, they also share this trait with
the obsidian handaxes from Kariandusi (Gowlett & Crompton, 1994: 24), and some
cleavers from the late Acheulean site of Kalambo Falls (Fig. 3).

Where the retouch on handaxes and cleavers is more extensive, it is consist-
ent with the Acheulean elsewhere, with bifacial flaking and more invasive scars to
remove the thick bulb of the flake blank, followed by more marginal scars to impose
a regular symmetrical plan form (e.g. de la Torre et al., 2014; Sharon, 2007; Ship-
ton et al., 2018b) (Fig. 4). On cleavers the marginal flaking is not to create a cutting
edge and it may even have functioned to increase the ergonomic properties of these
tools, so it usually leaves a steep, scraper-like edge angle (Fig. 4).

Fig.2 Cleaver (left) and handaxe (right) Levallois flake ‘blanks’ from the Kapthurin Formation Leakey
Handaxe Area. Note the centripetal dorsal scar patterns, facetted platforms, and elongation. Scale in cm
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Fig.3 Side-struck Janus flake cleaver from Kalambo Falls with no retouch on either the dorsal or ventral
surfaces. There are some scars on the platform that may have been removed after the flake blank itself
but none of these modify the ventral. Scale in cm

The sample obtained here consists of 12 handaxes and cleavers and a Leval-
lois core and flake from the Leakey Handaxe Area, and a further 7 handaxes and
cleavers from the wider Living Site. From the Factory Site, 7 Levallois cores and
3 Levallois flakes were available, including one of each from the excavation. All
handaxes and cleavers in the assemblage were made on flakes (Leakey et al., 1969),
but a single handaxe was entirely covered in negative scars so it was not possible to
tell the blank—in any case this was not included in the study because the tip was
missing. All specimens were made on a fine-grained phonolitic lava which is avail-
able as rounded cobbles and boulders in the vicinity of the localities (Leakey et al.,
1969; Tryon et al., 2005). Judging from the remaining cortex, initial clast sizes were
rounded cobbles which could exceed~200x 150 X150 mm, while experimental
knapping by Pierre-Jean Texier indicates clasts of 10—15 kg are required to produce
these large Levallois cores (McBrearty, 1999).

Comparative Assemblages
Systematic large flake production for the creation of handaxes and cleavers is a

widespread phenomenon in the Acheulean (Leakey, 1931; Sharon, 2007), occur-
ring in east Africa since at least 1330 ka at Olduvai Gorge EF-HR (de la Torre &
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Fig.4 Two cleavers from the Kapthurin Formation with relatively extensive retouch. Note that the more
invasive scars remove the bulb of the flake blank, while the more marginal scars create a symmetrical,
regular, and steeply bevelled lateral edge. Note also the particularly invasive retouch on the side-struck
lower piece to remove the bulb of percussion. Scale in cm

Mora, 2018) (Fig. 1), and from a similar time at Rietputs 15 in southern Africa
(Leader et al., 2018). Previous studies have noted that the large flakes used to
make handaxes and cleavers from the Living Site were struck from prepared cores
(Leakey et al., 1969), in particular Levallois cores (Tryon et al., 2005). In the
present study handaxes and cleavers made on large flakes are compared between
multiple east African Acheulean sites to understand how the products of the Kap-
thurin Levallois technique differ from those of other methods of producing large
flake blanks.
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The comparative material consists of random samples of flake-made handaxes
and cleavers from four classic Acheulean assemblages in the central Rift Val-
ley: Kariandusi, Olorgesailie CL1-1, Olorgesailie Member 6/7, and Isinya (Fig. 1)
(Table 1). Similar to those of the Kapthurin Formation the handaxes and cleavers
from these sites were all made on fine-grained volcanic rock. Farther south in the
Rift Valley, Kalambo Falls (Fig. 1) was sampled as an example of a late Acheulean
east African assemblage, and here handaxes and cleavers were made on quartzite.
None of these comparative assemblages have evidence of Levallois technology in
the creation of handaxe and cleaver blanks.

Kariandusi is a 960-780-ka-old site (Durkee & Brown, 2014), with handaxes and
cleavers made on trachyte, phonolite, and obsidian, including 5 specimens of the
latter material in the present sample (Gowlett & Crompton, 1994; Shipton, 2011).
Olorgesailie CL1-1 is on current evidence the oldest sample in the study dated to
1100-992 ka (Owen et al., 2008). Here, an assemblage consisting entirely of lava
flake blank bifaces was dominated by cleavers (Table 1). Olorgesailie Member
6/7 (localities DE/89, Meng, and Mid) dates to~960 ka (Durkee & Brown, 2014).
Handaxes and cleavers from Member 6/7 were made on large flakes of trachyte,
phonolite, and basalt (Isaac & Isaac, 1977; Noll, 2000). Artefacts in the Isinya
sequence may occur below the 960 ka tuff identified in the Olorgesailie sequence
(Durkee & Brown, 2014), but this connection is based on major element composi-
tion only (Sano et al., 2020) and it could alternatively be from the same volcano
but not the same eruption. On biostratigraphic grounds Isinya is contemporary with
site HEB in Olduvai Bed IV (Brugal & Denys, 1989) dated to < 800 ka (Njau et al.,
2020). Handaxes and cleavers from Isinya were made on large flakes of phonolite
(Roche et al., 1988). Kalambo Falls has a late Acheulean and early Middle Stone
Age sequence (Clark et al., 2001) in which handaxes and cleavers were made on
large flakes struck from quartzite boulder discoidal cores (Toth, 2001). The Acheu-
lean part of the sequence at Kalambo Falls Site C has been dated to 500-300 ka
(Duller et al., 2015), with a combined age estimate of 419+ 68 ka (Barham et al.,
2015). The artefacts analysed here derive from the ‘final Acheulean’ horizons near
the base of the Site A sequence, likely also falling within the same timeframe as Site
C (Clark et al., 2001).

Specimens were randomly selected (using the random number generator on a cal-
culator) as a proportion of pieces within each drawer or box in which they were

Table 1 Breakdown of handaxes and cleavers used in this study by assemblage

Kapthurin Kalambo Isinya  Kariandusi  Olorgesailie ~ Olorge- Total
Living Site  Falls A Member 6/7  sailie
CLI-1
Age estimate 430 419 <800 870 960 1046 N/A
centroid in ka

Handaxes 7 3 6 30 4 3 53
Cleavers 11 12 16 10 16 23 88
Total 18 15 22 40 20 26 143
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housed, depending on the total size of the collection available. Pieces that were
extensively damaged were excluded. For further details on comparative sample
selection see Shipton (2018), Shipton et al. (2018a)). Only specimens with an unam-
biguous ventral surface were included in this study as most assemblages also feature
some handaxes and cleavers that were not made on large flakes.

To situate the Levallois cores in a comparative context, core length and prefer-
ential scar length were taken on Levallois cores from the unpublished dominated
MSA surface site of Nyogonyek in the Kapthurin Formation (Tryon, 2002). Further
comparative data on MSA Levallois core assemblages from the east African sites of
Aduma A5 and Omo Kibish BNS was obtained from Blinkhorn et al. (2021). All of
these comparative assemblages are dominated by centripetal Levallois preparation,
and with exception of the chert dominated BNS assemblage they are also made on
lava.

Method

Shaped tools were assigned a typology: handaxe or cleaver. Where evident the fol-
lowing variables relating to the flake blank were recorded: its orientation relative to
the shaped tool (side, corner, or end -struck); its platform type (cortical, single, dihe-
dral, multiple, facetted); and its scar pattern. Scar patterns were assigned to one of
the following five categories: proximal, bidirectional (proximal and distal), orthogo-
nal (scars originating from the direction of one or both lateral margins), centripetal
(scars originating from four different directions), and Janus (flakes with two ventral
surfaces) (e.g. Figure 3). The number of these remnant flake blank dorsal scars and
the number of retouch scars larger than 5 mm on each surface of the tools were
counted separately. The length of the largest retouch scar was measured along the
percussion axis from its termination to the edge of the piece. Finishing order was
recorded as alternating if flake scars with intact initiations were present on both sur-
faces, and dorsal or ventral last if these were only present on one surface.

3D models of handaxes and cleavers were made using a NextEngine laser scan-
ner. In the program ScanStudio, models were oriented to maximise the symmetry of
the longest sides and to minimise the tilt of the longest axis. Screenshots of the base
of the artefact in this orientation were used to measure section asymmetry in the
FlipTest program (Hardaker & Dunn, 2005).

In the program Rapidworks the following variables were measured on ori-
ented 3D models: box (axial) length, width, and thickness; volume; surface area;
the angle of the tip; and where possible the platform angle of the flake blank
(Fig. 5). Platform angle was measured from the initiation point to the platform
edge orthogonal to the axis of percussion and then to the equivalent distance on
to the dorsal surface. Tip angle was measured as the angle between the midpoint
of the central scar on each surface along a line running around 4/5" of the tool
length and the distal tip edge in the above orientation. Cutting edge length was
measured between the edges of the bit for cleavers. For handaxes, cutting edge
length was estimated as the sum on both lateral margins of the distance from the

@ Springer



4 Page 10 of 29 Journal of Paleolithic Archaeology (2022) 5:4

Cutting edge length

Fig.5 Measurement protocols shown on a handaxe (left) and cleaver (right) from the Kapthurin Forma-
tion

distal tip to the point of maximum breadth, the ‘forward extension’ that provides
support for the ‘working edge’ in the generalized design of Acheulean handaxes
(Gowlett, 2006).

Using the above measured variables, a series of indices were calculated. The
refinement and elongation indices were obtained by dividing thickness and length
by width respectively (Roe, 1994). Two scar density index (SDI) values (Clarkson,
2013; Shipton & Clarkson, 2015) were calculated. A ventral retouch SDI (Ship-
ton, 2011) was estimated by dividing the number of scars on the ventral surface by
half the surface area value, and a dorsal preparation SDI was estimated by dividing
the total number of remnant dorsal scars by half the surface area value. An index
of retouch flaking invasiveness was obtained by dividing the length of the longest
retouch scar by the overall length of the tool to control for different sized pieces. In
the sample as a whole, cutting edges as measured according to the above protocol
were three times as long for handaxes as they were for cleavers, so to assess the two
tool types in a single index of efficiency, cleaver bit length or 1/3 of handaxe cutting
edge length was divided by weight.

Some similar variables were measured in a larger sample (n=84) of handaxes and
cleavers from Kariandusi (Gowlett & Crompton, 1994: 21), allowing for an assess-
ment of sample representativeness. A t-test showed that mean width to length ratio,
which, unlike thickness to width ratio (Shipton, 2018; Shipton et al., 2018a), should
not be particularly affected by blank type, was comparable between the two samples
(t=0.8324, df =122, p=0.4068). Likewise, the mean width to length ratio for all
the bifaces excavated from the basal Acheulean horizon (VI) of Kalambo Falls site
A (n=48) (Roe, 2001: 567), was comparable to those in this sample (r=0.7912,
df=61, p=0.419). Kolmogorov—Smirnov tests detailed below indicated all varia-
bles were normally distributed or were able to be transformed to be so. ANOVA tests
indicate samples were large enough to demonstrate both commonalities between the
comparative assemblages and differences with the Kapthurin Formation.
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In addition to the above variables on handaxes and cleavers, the Levallois cores
and flakes also had their flake scars counted and were scanned in the same way.
Orientation of the cores was according to the percussion axis of the final preferential
removal (length) and minimising the tilt of the plane of intersection between the two
hemispheres. Box (axial) length and the length of the preferential scar were meas-
ured on the cores in this orientation. Platform angle was measured between the mid-
point (in the length plane) of the preferential scar, the initiation point, and the scar
below the initiation point on the platform.

Statistical analysis was performed in SPSS v.27 (IBM, 2019). Variables were
checked for normality using Kolmogorov—Smirnov (K-S) tests. Comparisons of var-
iables across the assemblages were made with ANOVA tests, with post-hoc LSD
tests for comparisons between individual assemblages. Pairwise comparisons of
groups were made with t-tests for handaxes and cleavers, and, due to the low sample
size, with Mann—Whitney U tests for Levallois cores.

Handaxe and Cleaver Comparison

The Living Site handaxes and cleavers stand out from the other assemblages in
their relative width, being both the most refined and the least elongate (Fig. 6).
Both these variables were normally distributed (refinement K-S=0.53, df=140,
p=>0.2; elongation K-S=0.5, df =140, p>0.2). An ANOVA test indicated signifi-
cant heterogeneity between sites for both variables (refinement F = 14.502, df =139,
p<0.001; elongation F=10.377, df=139, p<0.001), with the post-hoc LSD tests
showing that the Living Site pieces were significantly different from all other sites at
p<0.001.

Thinner handaxes and cleavers may afford more acute tip angles with sharper
edges. Tip angle was transformed to normality by taking its square root (root tip
angle K-S=0.063, df=138, p>0.2), but an ANOVA (F=3.118, df =137, p=0.011)
and LSD tests showed the only significant difference from the Living Site was with
Olorgesailie CL1-1 (p=0.008). Indeed, Olorgesailie CL1-1 had significantly higher
tip angles than all other assemblages except Olorgesailie Member 6/7 at the p=0.02
level.

Thinner, less elongate handaxes and cleavers may have longer cutting edges for
their weight. The combined handaxe and cleaver cutting edge to weight efficiency
index was transformed to normality by taking its square root (K-S=0.053, df =135,
p>0.2). An ANOVA and LSD tests indicated significant heterogeneity in this vari-
able (F=7.345, df =134, p<0.001), with Living Site handaxes and cleavers hav-
ing longer cutting edges relative to weight than all other assemblages at p <0.001,
except Kariandusi, which they were longer than at p=0.07.

In addition to their form, the Living Site handaxes and cleavers are distinguished
in their flake blank preparation (Fig. 2). Dorsal scar patterns are typically centripetal
(17/18) (Fig. 7), with only 5/78 instances of centripetal scar patterns in the com-
parative sample. The flake blank SDI estimate was transformed to normality by tak-
ing its natural log (K-S=0.67, df =143, p>0.2). An ANOVA (F=16.225, df =142,
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Fig.6 Refinement (thickness to width ratio) and elongation (length to width ratio) of some east African
flake biface assemblages

p<0.001) and LSD tests showed that the Kapthurin specimens had significantly
greater flake blank dorsal scar densities than all other assemblages at p <0.001.
Preparatory flaking of the main core surface influences the morphology of the
preferential flake. Being able to flake the core from multiple directions allows for
more control of this preparatory process. On flake cleavers the bit is invariably
formed from the intersection between a preparatory dorsal scar and the ventral sur-
face. To determine if there were significant differences resulting from core prepa-
ration, cleaver tip angles (K-S=0.081, df=88, p>0.2) were compared between
cortical and proximal dorsal scar patterns where flaking of the core is only from
one direction, versus bidirectional, orthogonal, and centripetal scar patterns, where
flaking is from multiple directions. There was a significant difference in tip angles
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Fig.7 Two large cleavers from the Kapthurin Formation Leakey Handaxe Area. Note the centripetal dor-
sal scar patterns, proximal bevelling (shown in pink), the convex facetted platforms, the alignment of the
percussion axis to the finished tool, and the retouch (shown in blue) which is marginal and concentrated
on the dorsal. Scale in cm

between the two groups (t=2.676, df =86, p =0.009) suggesting flaking from multi-
ple directions facilitates the creation of more gentle convexities on the dorsal surface
of very large cores. An alternative method of creating gentle convexities that was
widely practised in the Acheulean was to use the gentle dome of the ventral surface
of a very large flake as the preferential flaking surface (Sharon, 2009). T-tests (using
both handaxes and cleavers to increase sample size) showed no significant differ-
ence between the tip angles of the resulting Janus flakes and those with preparation
from multiple directions (t=0.283, df=72, p=0.778), but a significant difference
between Janus flakes and blanks flaked from a single direction (r=2.137, df=35
p=0.04).

In order to strike large preferential flakes, it is necessary for Levallois flake plat-
forms to sit relatively deep in the core. However, the resultant thick platform and
bulb of percussion would make the overall Levallois flake thick. To counteract this,
a strategy used by some Levallois knappers is to finish preparation of the upper sur-
face with flakes that reduce mass on the proximal end of the core (bevelling (Leader
et al., 2017)). This strategy is evident in the Living Site with removals struck from
the proximal truncating lateral scars (Figs. 7, 8).

The Living Site flake blank platforms were usually facetted (13/16) (Figs. 6, 7,
8), but there are no examples of this trait in the comparative sample. The facet-
ting on Living Site pieces is such that there is slight protrusion in plan view in
the centre of the platform, to facilitate the placement of the preferential strike
(Figs. 7, 8). The Living Site flake blanks were also usually (16/18) struck along
the same axis as the finished tool (end-struck) (Figs. 6, 7, 8), with only 14/95
instances of this trait in the comparative sample. The other assemblage with a
relatively high proportion (7/14) of end-struck blanks is Isinya, with Isinya and
Kapthurin having the two highest median platform angles in the sample (89° and
86° respectively). Higher platform angles have been experimentally shown to pro-
duce more elongate flakes (Lin et al., 2013), so it may be that the production
of elongate end-struck flake blanks is linked to having higher platform angles.
Platform angle was normally distributed (K-S=0.07, df=42, p>0.2), with a

@ Springer



4 Page 14 of 29 Journal of Paleolithic Archaeology (2022) 5:4

Fig.8 Two handaxes (above) and a cleaver from the Kapthurin Formation. Note the proximal bevelling p
(shown in pink), the convex facetted platforms, the alignment of the percussion axis to that of the fin-
ished tool, and the retouch (shown in blue) which is marginal on the dorsal with few scars on the ventral.
Scales in cm

t-test showing significantly higher mean platform angles for end-struck (85 +15°)
than side-struck (67 +12°) flakes (r=4.134, df =34, p <0.001) in the sample as a
whole.

The management of convexities on all sides of the core through centripetal
flaking, coupled with the striking the preferential flakes parallel to the axis of the
finished tool probably explains another distinguishing feature of the Living Site
handaxes and cleavers: Their symmetry in cross section (Fig. 9). This variable
was transformed to normality by taking its square root (K-S =0.059, df=140,
p=>0.2). An ANOVA (F=0.827, df=139, p=0.003) and LSD tests showed the
Kapthurin Formation specimens had significantly more symmetrical sections than
the other assemblages at p <0.025. Acheulean blank creation often targets a high
topography lump resulting in a thick flake (Shipton, 2016), but with the creation
of gentle convexities on both sides of a flaking surface a symmetrical large thin
flake can be removed.

In contrast to the high flake blank scar densities, the Living Site handaxes
and cleavers have little ventral retouch (Figs. 7, 8). The ventral SDI estimate
was transformed to normality by taking its square root (K-S=0.047, df =141,
p=0.58). An ANOVA (F=11.383, df =140, p <0.001) and LSD tests showed the
Kapthurin handaxes and cleavers had significantly less ventral retouch scars than
any other assemblage at p=0.01. For many side-struck blank bifaces, retouch on
the ventral was done to remove the platform and the bulb of percussion to create
a symmetrical tool (Shipton et al., 2018b), but this is not necessary in end-struck
flakes (Shipton, 2016). The single example of a side-struck cleaver from the Kap-
thurin Formation showed the most invasive retouch in order to remove its bulb
(Fig. 4). In the sample as a whole, platforms had been retouched away in 58/71
cases for side-struck flakes, compared with only 7/30 in end-struck flakes.

The retouch that there was on the Living Site handaxes and cleavers may be
classed as marginal trimming rather than invasive shaping (Figs. 7, 8). The ratio
of the longest retouch scar to biface length was normally distributed (K-S =0.062,
df=138, p>0.2). An ANOVA indicated significant site-wise heterogeneity in
this variable (F=4.662, df=137, p=0.001) with LSD tests showing the Kap-
thurin pieces have significantly smaller retouch scars than the other assemblages
at p=0.01 (Fig. 9). Unlike the alternate flaking that characterizes most Acheu-
lean biface shaping, the Living Site specimens were typically finished with dorsal
removals (Figs. 7, 8). Final scars having intact initiations were limited to the dor-
sal surface in 10/16 cases for the Kapthurin specimens, compared with 124/127
instances of alternating finishing between the surfaces in the comparative sample.
Dorsal only retouch on cleavers seems to have been to impose a steep edge suit-
able for gripping, as well as creating plan symmetry—often through mirroring an
unretouched edge (Figs. 7, 8).
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Fig.9 Section asymmetry and longest retouch scar to biface length ratio for some flake blank east Afri-
can biface assemblages. Asymmetry was measured using the FlipTest (Hardaker & Dunn, 2005). Note
that an outlier with a FlipTest score of 16.08 is not shown for Kalambo Falls and an outlier with a longest
scar to biface length ratio of 0.61 is not shown for Kariandusi

Levallois Comparison

While they are unambiguously Levallois, the Acheulean cores of the Kapthurin
Acheulean differ from those of the MSA (Tryon et al., 2005). Firstly, the Kapthurin
Levallois cores are some of the largest in the world. Comparison with MSA centrip-
etal Levallois core assemblages from east Africa and neighbouring regions shows
the Kapthurin Acheulean specimens are over twice as long with preferential scars
at least double the length (Table 2). The large size of the Acheulean Levallois cores
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may in part be an effect of initial clast size (Tryon et al., 2008), or a lack of core
curation, with the Factory Site pieces occurring within the large boulder conglomer-
ate that provided the material. However, the Acheulean Kapthurin Levallois cores
are still an order of magnitude heavier than Levallois cores from the Kapthurin early
MSA site of Koimilot (Tryon et al., 2005) (~3 km to the south of the Factory Site),
where lava cobbles were similarly locally available (Tryon, 2006: 369). Indeed, a
sample of lava Levallois cores from MSA sites in the Kapthurin Formation more
generally had an average length of ~80 mm (Tryon et al., 2008), half that of the
Acheulean Levallois. Mann—Whitney U tests comparing core length and largest
scar length between the Kapthurin Acheulean cores and the local MSA cores from
Nyogonyek showed the size difference was significant (core length U=0, n=28,
p<0.001; largest scar length U=1, n=27, p<0.001).

The extreme size of the Kapthurin Acheulean Levallois cores most likely reflects
the fact that they were for creating handheld large shaped tools, whereas MSA Lev-
allois cores were for creating smaller tools that were often hafted (e.g. Rots et al.,
2011). The large size may also explain the focus on centripetal preparation (Figs. 6
and 10), rather than the diversity of modes seen in the MSA (Tryon et al., 2005):
Shaping distal and lateral convexities and preparing a platform for a very large pref-
erential flake requires flaking the surface from multiple margins. The diversity of
MSA methods might also reflect a greater diversity of end-products rather than the
two shaped tool types being created in the Acheulean.

Another characteristic feature of the Factory Site Levallois cores is the frequency
of overshot flakes and cores. Overshooting is an unusual feature of MSA Levallois,
with one of the most frequent known occurrences being from the Nubian assem-
blage of Abydos in Egypt, where 5% of Levallois flakes were overshot (Chiotti et al.,
2009). At the Kapthurin Factory Site 3/7 Levallois cores are overshot, and there are

Fig. 10 Two Levallois cores from the Kapthurin Formation Leakey Factory Site, shown alongside out-
lines of centripetal prepared Levallois cores from the MSA site of Komilot (after: Tryon et al., 2005).
Note the large size and centripetal preparation of the Leakey Factory Site cores. Cortex in yellow, scale
incm
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Fig. 11 Overshot Levallois cores (above) and flakes (below) from the Leakey Factory Site. Note on the
specimen on the top left there is a final scar (shown by the arrow) truncating the overshot scar that was
struck from the same platform. Cortex in yellow, scale in cm

three further examples of overshot flakes (Figs. 11, 12). This is perhaps again related
to the size of the cores with the need for very forceful strikes to produce the very
large elongate flakes meaning there is less control over precisely how much force is
used. A further overshot flake from the Leakey Handaxe Area supports this hypoth-
esis: It has an incipient secondary bulb of percussion on its ventral surface where
there was an attempt at a preferential removal, but the strike was not strong enough
to detach the flake; the following overshot probably overcompensated for the failed
strike (Fig. 13).

The unsuccessful overshot cores were abandoned without further attempts to
flake them, despite the fact that all three cores had appropriate edge angles and
enough material to produce more large flake blanks (Figs. 11, 12). In one case an
overshot core had a single final removal struck after the overshot flake from the
same platform, which travelled less than a third of the way across the surface and
was not accompanied by any repreparation (Fig. 11).

Metric evidence further suggests these cores were being abandoned relatively
prematurely. All eight Acheulean Levallois cores are considerably longer than the
length of the smallest handaxe or cleaver (84.6 mm), with the shortest core measur-
ing 112.57x144.34 mm. The three overshot cores measure 188, 141, and 130 mm
long, even the smallest being longer than 4/18 of the handaxes and cleavers. Mean
and median platform angles after the preferential removal on the Kapthurin Acheu-
lean Levallois cores were 76.5° and 72° respectively, ideally suited for further
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Fig. 12 Refitting overshot Levallois core (below) and flake (above) from the Leakey Factory Site. Cortex
in yellow, scale in cm

flaking. Mean and median core thickness to width ratios were 1.8 and 1.83 respec-
tively, low for Levallois cores at the point of discard (Table 2) and indicating there
was plenty of reduction potential left in these pieces (Brantingham & Kuhn, 2001).
The hallmark of Levallois repreparation is the débordant flake, whereby the lat-
eral convexities of a core are restored after a preferential strike by removals that run
along the edge of the core. Débordants and the characteristic pattern they leave on
cores of elongate lateral scars truncating a large central scar, were noted from the
MSA Koimilot sites, but not the Kapthurin Acheulean (Tryon, 2006; Tryon et al.,
2005). While 11 redirecting flakes (removing old platforms) were reported from
the original fieldwork, these may relate to any of the 101 cores found at the sites
(Leakey et al., 1969), not necessarily the large Levallois. Indeed, only two of these
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Fig. 13 Levallois core (below) and overshot flake (above) from the Leakey Handaxe Area. Note the sec-
ond attempt at a preferential removal (shown by the arrow) from a different platform to the first on the
core, and the incipient bulb from a failed strike on the right of the flake. Cortex in yellow, scale in cm

redirecting flakes actually come from the Factory Site where nearly all the Leval-
lois cores occur, and these both have cortex on them, suggesting they were probably
not struck after an initial round of shaping a Levallois surface. None of the cores or
the handaxes and cleavers from the Kapthurin Acheulean show a scar pattern that
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would be consistent with débordant preparation. A refitting Levallois core and flake
from the Factory Site also suggests a lack of repreparation after a first preferential
removal (Fig. 12). Despite still having plenty of material for another attempt, this
core was abandoned after the overshooting preferential flake. And we can be certain
that this was the first and only preferential flake, as there is a remnant patch of cortex
on the centre left of its dorsal surface.

The removal of only a single preferential flake sets the Kapthurin Acheu-
lean Levallois apart from that of the MSA (Tryon et al., 2005). Recurrent flaking,
whereby several preferential flakes are removed in the same sequence, is character-
istic of most MSA Levallois assemblages. At the early MSA Sibilo School Road
Site, ~ 10 km to the north of the Living Site, an assemblage of seven Levallois cores
has been recovered with three showing evidence of recurrent flaking, including refit-
ting of two repreparation flakes on one core and five preferential flakes on another
(Blegen, 2017). The need for very large products (Tryon et al., 2005) and the cost of
transporting such heavy cores may have discouraged the Kapthurin Acheulean knap-
pers from recurrent flaking of their Levallois cores. Interestingly, the Levallois core
that shows the clearest attempt at recurrent flaking is one that was transported to the
Leakey Handaxe Area (Fig. 13). However, in this case the preferential surface had
not been reprepared after the previous preferential flake removed much of the left
lateral convexity, resulting in this final scar being too small for a handaxe or cleaver
blank. This piece suggests that hominins were aware of the further reduction poten-
tial of these cores, but did not return to an earlier stage of production to rejuvenate
them.

Discussion

From ~300 to 50 ka, the knapping of MSA (or Middle Palaeolithic) hominins across
Africa and much of Eurasia was characterized by the Levallois technique. However,
one of the earliest manifestations of this complex technology was in the Acheulean
of the Kapthurin Formation~400 ka. The products of the Kapthurin Acheulean
Levallois knapping are instructive as to what this technology offers over other tech-
niques for systematically creating large flake blanks, known from Acheulean sites
from at least 1300 ka. Meanwhile, differences between the ESA Kapthurin Levallois
and that of the MSA indicate critical distinctions between these two broad phases of
hominin behaviour.

One of the most formal Acheulean large flake blank creation methods is that of
Victoria West in southern Africa, dated to~ 1000 ka at Canteen Kopje (Li et al.,
2017). This technique has notable parallels with the Kapthurin Acheulean Leval-
lois including hierarchically organized bifacial surfaces and shaping of convexities
on the flatter upper surface through centripetal flaking. However, it differs in some
important respects as well. For example, at Canteen Kopje the formal Victoria West
cores are rare (< 10% of the core assemblage) (Li et al., 2017), whereas in the Kap-
thurin Formation Acheulean nearly all the large cores and large shaped tools are
Levallois.
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In the Kapthurin Formation much of the shaping seems to have been done on
the massive Levallois cores rather than as retouch (Gowlett, 1984: 186). The Living
Site handaxe and cleavers were consistently made on blanks with complex centrip-
etal scar patterns, while there was very little retouch in comparison to other assem-
blages. Victoria West cleavers were similarly produced with centripetal preparatory
shaping and very little retouch (Sharon & Beaumont, 2006). One of the key dif-
ferences between these technologies is the strike orientation relative to the axis of
the finished tool. Integral to creating the end-struck flake blanks in the Kapthurin
Formation seems to have been creating a strong (facetted) high angled platform.
Achieving alignment between flake blank and finished tool axis meant the thickest
part of the flake, the bulb and platform, formed the globular handaxe or cleaver butt
(Gowlett, 2006), rather than occurring as an asymmetry on the side of the tool where
they would need to be removed. Creating elongate flake blanks from high angled
platforms was also done, albeit less frequently, at Isinya. The critical difference
between other elongate blanks and those of the Living Site however, is the enhanced
preparatory shaping of the latter; with gentle symmetrical lateral convexities and a
protruding facetted platform to guide both the point of impact and the propagation
of the preferential flake across the surface. To some extent this parallels the large
flake blank creation method at the terminal Acheulean site of Bhimbetka in India,
although there platform preparation was not used (Shipton, 2016). The resultant
symmetrical, thin blanks of the Living Site typically required only marginal retouch
in order to achieve their final form. Systematic blade production at the same sites
suggests removing elongate pieces was part of the general knapping repertoire of
these hominins (Leakey et al., 1969; McBrearty, 2001).

Throughout the Acheulean of east Africa and beyond, a goal of biface knap-
pers seems to have been to create thin pieces (Shipton, 2018; Shipton et al., 2018a)
(excepting the Sangoan core-axes of the final Acheulean). The proximal bevelling
evident from the Living Site in handaxe and cleaver blank production indicates thin
pieces were also important to the Kapthurin Acheulean knappers. By ensuring the
platform and bulb aligned with the butt of the finished tool and by careful prep-
aration of the lateral and distal convexities on the Levallois cores, the Kapthurin
Acheulean knappers were able to create markedly thinner handaxes and cleavers
than in other east African flake blank assemblages. Handaxe and cleaver refinement
in the late Acheulean of the Kapthurin Formation can thus be said to have been pre-
determined by the Levallois technique for creating large elongate flat flakes.

Surprisingly, the overall thinness of the Kapthurin specimens does not translate
into sharper tip angles, with all assemblages having comparable tip angles except
the oldest (and thickest) assemblage: Olorgesailie CL1-1. Creating shallow tip
angles was achieved in a variety of ways in the Acheulean, with flaking from multi-
ple directions, or using the dome of a large ventral surface more effective than flak-
ing from one direction only. Rather than sharper tips, the advantage of greater over-
all thinness for the Living Site specimens may instead lie in the costs of cutting-edge
transport, with these pieces being wider for their weight than the other assemblages.
Distinctively for an east African Acheulean assemblage (Shipton, 2020), the LHA
handaxes and cleavers are not particularly elongate. This may reflect limitations
in very large elongate end-struck flake blank creation from Levallois cores, with
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reduced length compensated for by greater width to maintain cutting edge length.
This accords with the previous finding for handaxes and cleavers from both the Liv-
ing Site and Kariandusi that larger specimens are overall narrower and thinner (per-
haps to minimize weight), but have relatively wide tips (and therefore long cutting
edges) (Gowlett & Crompton, 1994).

The Acheulean Levallois of the Kapthurin Formation differs from that of the
MSA both here and more generally in four respects: it is much larger; it has a lower
diversity of preparation techniques; overshot errors are much more frequent; and
only one preferential flake seems to have been produced per reduction sequence
(i.e. there was no recurrent flaking). The large size of the Levallois cores may be
explained by the large cutting tool end products. The need to shape large surfaces
from multiple directions probably also partly explains the centripetal flaking pat-
terns, while the extreme force required to strike very large Levallois flakes seems to
have often resulted in overshots. Although the flatness of Levallois flakes was later
used to facilitate hafting in the MSA, the large size and lack of hafting traces or
modifications indicates that these handaxes and cleavers, were, like their predeces-
sors, handheld. This early example of the hierarchically complex Levallois technique
(Muller et al., 2017) thus appears to predate hafting in east Africa (e.g. Sahle et al.,
2013), which is perhaps unsurprising given the even greater extremes of hierarchical
complexity required for hafting (Lombard & Haidle, 2012).

The lack of recurrent flaking on the same surface of the Kapthurin Acheulean
Levallois cores may be explained by the need for only a single large flake. However,
there was also apparently a lack of repreparation of the dorsal convexities once the
first preferential flake had been struck, even if the core was still large enough for
further work, and even if the preferential flake was unsuccessful (overshot). Similar,
single-use cores were also a feature of large flake blank production in the Victo-
ria West industry (Li et al., 2017) and the Acheulean Levallois at Amane Oukider
(Arzarello et al., 2012). Acheulean knappers seem to have moved through unidi-
rectionally organized stages in their flake blank creation, just as faconnage handaxe
knapping proceeds from roughing out, to shaping, to thinning, to marginal trim-
ming (Newcomer, 1971). In the MSA by contrast, débordant and other reprepara-
tion flakes allow for a return to an earlier stage of the Levallois process and the
creation of a renewed preferential surface. Part of the explanation for this, and the
greater diversity of preparation techniques noted in the MSA (Tryon et al., 2005),
may be the greater diversity of end-products: Rather than two types of shaped tool,
MSA Levallois has been characterized as ‘the toolkit within the core’ (Shimelmitz
& Kuhn, 2018). Systematic blade production at the Living Site also suggests these
hominins may have been shifting away from individual large portable ergonomic
tools, to portable toolkits. A parallel may be drawn with the final Acheulean indus-
tries in the Levant and India, where the frequency of handaxes and cleavers drops off
when small prepared cores become part of the assemblages (Jagher, 2016; Shipton
et al., 2013).

The hierarchical complexity of Acheulean knapping reached a peak in the last
500 ka, evidenced by Levallois flake blank production in the Kapthurin Formation,
or by platform faceting (Stout et al., 2014) and raising the plane of intersection at
Boxgrove (Shipton, 2019: 342-347). These two assemblages are among the most
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refined Acheulean assemblages anywhere in the world, with increasing hominin
encephalization over the course of the Acheulean perhaps affording these knappers
the ability to attain the greatest heights of their craft (Shipton, 2013: 72-78). How-
ever, the lack of evidence for hafting suggests further hierarchical complexity inte-
grating multiple materials was not part of their behavioural repertoire. Likewise, the
emphasis on single end-products in the Acheulean Levallois knapping of both the
Kapthurin Formation and Amane Oukider, contrasts with the diversity in individual
MSA/Middle Palaeolithic Levallois sequences, suggesting an enhanced capacity to
integrate multiple tasks in the latter. Widening of the frontal lobes and expansion of
the parietal lobes in both the species associated with the MSA/Middle Palaeolithic,
Neanderthals and Homo sapiens (Bruner, 2021), suggest changes in the frontal and
parietal association cortices which integrate information from multiple brain regions
(e.g. Jung et al., 2017). Such cognitive integration may have afforded these hominins
greater capacity for integrating their technology with diverse aspects of their envi-
ronments (Wragg Sykes, 2015).

In one sense the Kapthurin late Acheulean may be seen as the culmination of a
trend for increasing refinement that is apparent during the Acheulean when looking
across timescales of hundreds of thousands of years (Shipton, 2018; Shipton et al.,
2018a). This assemblage also directly presages the quintessential technology of the
subsequent MSA, with its predetermination of refined elongate flakes. Nonetheless,
there was an important distinction between the two: The principal artefacts trans-
ported away from the primary manufacturing site were individual tools with long
cutting edges in the Kapthurin Acheulean; whereas, in the MSA, smaller Levallois
cores and the potential for a diverse toolkit characterize artefact transport, some-
times over much longer distances than in the Acheulean (Blegen, 2017; Brooks
et al., 2018).
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