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Reconstructing human behavioural complexity from stone tools is a primary concern for the
Palaeolithic archaeologist. Two nested challenges exist in this reconstruction. Firstly, inferring
the technical processes and bodies of knowledge, which combine with tools to make
‘technology’. Secondly, human technology is uniquely combinatorial, with stone tools possibly
part of a more complex tool. The organic elements of such a tool, such as handles and
bindings are, however, not preserved. The emergence of combinatorial technology is poorly
understood, with a focus on stone points as armatures, characteristic of post-Acheulean
periods leading to limited consideration of it within the Acheulean. Using experimental
archaeology, here we demonstrate that hafted Acheulean type hand-axes make excellent
high-energy woodworking tools. Many features of refined Acheulean hand-axes, including
symmetry and thinness, aid in hafting. Having a sharp perimeter all around the tool aids in
socket axe production and does not affect hafting with bindings in an adze type arrangement.
These experiments raise the possibility of combinatorial technology in the Acheulean (1.7 to
0.2 ma), highlighting the potential hidden technological complexity, which a simple Acheulean
hand-axe may represent.

Introduction

The key findings  The research presented here shows that one of the most
are that even though studied artefacts in archaeology, the Acheulean hand-axe, may
the replica Acheulean not have always been used as a ‘hand’ axe, and that it
hand-axes had been functions as an excellent high-energy woodworking tool when
thinned, in some cases hafted. This raises important questions about how we
aggressively, they were reconstruct behaviour and extrapolate ‘behavioural
able to withstand high- complexity’ from the archaeological record and shows that
energy percussive work experimental archaeology has a key role to play in this.
without failing. In some
cases, the working The Acheulean hand-axe in context

edge was damaged

during use, which was The Acheulean is a spatiotemporally widespread early human
techno-culture spanning Africa, Europe and parts of Asia,

easily repaired by
emerging around 1.7 Ma in Africa (Beyene, et al., 2013; Diez-

retouch while still

hafted. Martin, et al., 2015) with its gradual replacement beginning

around 0.5 Ma and late occurrences at approximately 0.2 Ma
(de la Torre, et al., 2014).

Along with the continuation of simple flake technology from the preceding Oldowan period,
the Acheulean is recognised by the inclusion of bifacially manufactured stone tools, such as
hand-axes, cleavers, and picks (Gowlett, 2006). Of these tools, the hand-axe (See Figure 1) is
the most common retouched tool and is broadly considered an archaeological index of the
Acheulean.



Rather than a static technological period it is marked by gradual change in terms of hand-
axes becoming more refined through increasingly intensified knapping and the use of soft
organic hammers to remove thin invasive flakes (Beyene, et al., 2013: McNabb and Cole,
2015).

Theoretical background

Archaeologists are commonly left with only the tools with which to construct the behavioural
complexity of the past (e.g. Torrence, 1989). These artefacts, which archaeologists recover,
both represent a past technological adaptation, and like technology today, as being imbued
with and representing the cultural values and adaptation of past humans (Pfaffenberger,
1992; Wenger, 2002; Ingold, 2022). Within evolutionary terms, this cultural adaptation is often
scrutinised for changes in behavioural complexity (e.g. Mesoudi, et al., 2004; Birch and Heyes,
2021).

It has long been recognised that to reconstruct human behaviour, and behavioural
complexity, from the material remains (i.e., archaeology), we must deconstruct the
assumptions which underlie the above process (Clarke, 1973; Hodder, 1985; 1987). The
archaeologists must build reliable frames of reference that allow us to move from the
unanimated artefact to the ‘all singing and dancing’ behavioural complexity which we seek to
reconstruct (Binford, 1977).

A central challenge, present at the first inferential step, is how much ‘technology’ remains in
the archaeological tool? This challenge exists because ‘technology’ is a complicated thing,
which consists of more than just tools (Sinclair, 1990; Ingold, 2022). Technology is best
understood as three possible interacting elements: 1, the ‘tools’ which we can recover from
excavation. 2, processes; using tools to achieve a desired outcome. 3, a body of knowledge,
which relates to how the tools are made, used, repaired, discarded, and potentially recycled
(Arthur, 2009; Barham, 2013). For the more theoretically leaning, this body of knowledge
might be seen as the learning requirements, savoir faire and connaissance, of a socially
mediated chaine opératoire (Edmonds, 1990). Reconstructing the final two elements of
technology represents the greatest challenge, and as shown in this research, the value of
experimental archaeology.

A further challenge permeates many of the above inferential steps due to preservation bias
and the nature of human technology. The preservation of organics is exceptionally rare in
Palaeolithic and Stone Age contexts (Thieme, 1997; Goren-Inbar, et al., 2002; Aranguren, et al.,
2018; Taylor, 2018; Barham, et al., 2023), with the overwhelming majority of archaeology from
these periods being stone tools. Human technology is, however, uniquely defined by its
inclusion of artefacts manufactured from multiple complimentary materials; it is
combinatorial (Barham, 2013). Throughout the later periods of the human past, these stone
tools will have been combined with organic materials, like wood, bone, or antler handles,



resins and glues, bindings made from animal hide or twisted plant materials, to make
combinatorial tools (Ibid.). The stone tools are analogous to the blade of a Stanley knife, a
blade in pencil sharpener, a surgical scalpel blade or, perhaps, a blade in a futuristic 30 blade
shaving apparatus, guaranteed to maximise the efficiency of beard removal. With only the
blade, or stone tool, reconstructing the ‘technology’ en route to bigger concepts of
behavioural complexity requires the careful construction of frames of reference.

While there is much to be said for contextual archaeological approaches (Hodder, 1987;
Barrett, 1987) and ethnoarchaeology (Gould, 1978; cf. Wobst, 1978), experimental
archaeology is rooted in constructing the frames of reference needed to move from simple
unanimated artefacts to the associated processes and bodies of knowledge needed to
reconstruct a fuller understanding of past ‘technology’ (Ascher, 1961; Mathieu, 2002).

As combinatorial technology is a human derived trait, meaning it emerged in our lineage
(Barham, 2013), we have an additional challenge of knowing when to treat stone tools as the
whole artefact, and when to treat them as part of a larger composite tool. Despite the
significance of combinatorial technology in human evolution, limited dedicated research has
been performed for its identification (Rots, 2002; 2003; 2010; 2015). Both earliest claims for
hafting relate to hafted armatures, (Wilkins, et al., 2012; Sahle, et al.., 2013) with both studies
also challenged (Rots and Plisson, 2014; Douze, et al., 2018) and subsequently defended
(Wilkins, et al., 2015; Sahle and Braun, 2018).

The limited research, with a focus on points, which appear as a more regular archaeological
feature after the Acheulean (Clark, 1988; Will and Scerri, 2024) combined with experimental
studies showing Acheulean hand-axes do indeed function in the hand (Jones, 1980; Mitchell,
1995; Machin, et al,, 2007), have led to almost no consideration that hand-axes might have
been hafted as part of a combinatorial tool (Cf. Lambert-Law, 2015). Using an experimental
archaeological approach, here we show that Acheulean hand-axes function as excellent high-
energy woodworking tools when hafted. We do not suggest that all Acheulean hand-axes
were used hafted but raise the possibility that from their 1.6-million-year chronology and
multi-continental spatial distribution, that some may have been.

Methods

Tool construction

Two main tool forms were manufactured to demonstrate the functionality of Acheulean
hand-axes as high-energy hafted tools: adzes, and socket axes. Socket axes are the simpler
design involving just a lithic inserted into a wooden handle. Adzes involved the use of a
rawhide binding to attach the lithic to the handle.



The clefted, split axe arrangement, with the handle fully split and the haft closed around the
lithic using bindings, was also tested. Despite several designs and materials tested, this design
proved unsuitable for high-energy percussive actions, with hafts failing almost instantly.

The research presented here refers to seventeen replica flint hand-axes directly hafted in a
juxtaposed arrangement as adzes, and twenty replica flint hand-axes used in an axe type
arrangement with the lithics directly inserted into a carved hole made in the handle.

Lithic hand-axe manufacture

Generally fine-grained flint from Caistor Quarry, Caistor St Edmunds, UK, was knapped by the
authors (CS and KL), using both hard hammer (various quartzite) and soft hammer (red deer,
Cervus elaphus , antler) techniques, using both flakes (debitage) and complete nodules
(faconnage) to produce hand-axes deemed ‘Acheulean’ by Prof. Gowlett, a renowned expert
in the Acheulean (Gowlett, 1978; 2006; 2021). The use of soft hammer reduction allows thin
invasive flakes to be removed. This permits material to be removed from the centre of the
tool without removing too much edge and results in the thinner hand-axes characteristic of
the later periods of the Acheulean (Beyen, et al., 2013).

Following Roe (1969) with the addition of chordate (tear drop) and tranchet, which refers to
the specific final flake removal which truncates the tool (Garcia-Medrano, et al., 2019), the

plan tool morphologies for adzes and socket axes are shown in Graph 1, with a comparison of
hand-axe mass shown in Graph 2.
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GRAPH 1. TOOL MORPHOLOGIES FOR ADZES AND SOCKET AXES.
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GRAPH 2. MASS OF HAND-AXES USED FOR ADZES AND SOCKET AXES.

Handle construction

Several wooden handles were manufactured and tested to explore variability in performance.
The wooden handles were manufactured with modern steel tools for rapidity and more
familiarity ensuring a well-fitting haft that would be more representative of that which an

expert stone tool user could achieve.

Juxtaposed hafts used for adzes

e JXTA and JXTB were made from an African wood Albizia antunesiana , with JXTA having no
backstep. These were designed and made by John Kanyatta (JK), a Zambian expert (See
Figure 2). Mukese wood was selected by JK as local wood still used for making percussive
axe and adze handles. It was included in this research to explore materials across the
main African range of the Acheulean.

e JXTC was made from ash ( Fraxinus sp. ) due to its shock-resistant properties. It initially
had a step, which was later broken off during use from lithic pressure. This was
manufactured by Will Adams, a UK Bushcraft expert. Function of the handle improved
with the step removal as the lithic did not rotate against which increased the pressure on
the bindings (See Figure 3).

e JXTE was made by the author (CS) from sycamore ( Acer pseudoplantanus) and included
a step and a slightly bowled platform to increase haft articulation (See Figure 4).

Inserted hafts used for socket axes (See Figure 5)

e AXE1 was made from alder ( Alnus glutinosa ) by Phill Gregson (PG), a master
wheelwright. It partially split during use but was repaired with rawhide bindings,



becoming AXE1.2, and then
o AXE1.3 with a purposely split and opened haft for better lithic embedding.

e AXE 2 was made from cherry wood ( Prunus avium') by CS, featuring a knot at the top of
the handle and rawhide to prevent splitting.

Binding construction

Rawhide bindings were manufactured from an untreated cow and red deer hide by CS. The
hide had both the flesh and hair scraped off with steel tools and stone tools, with the use of
an alkaline solution used to aid in hair removal. The hides were subsequently cleaned with a
pressure washer (on low) to remove the alkaline (See Figure 6) Steel tools were again
supplemented for stone tools for consistency and more familiarity with steel tools. There was
no perceptible difference in the areas of hide worked with stone and steel tools.

While we used commercially available sodium hydroxide 0.5 molar (NaOH) for this
experiment, the same process was achieved in exploratory experiments using fresh wood ash
as a lye solution. Commercially available rawhide, sinew, and artificial sinew were tested but
proved insufficient, failing quickly with high-energy use. These commercial materials were not
used further in the experiments.

No adhesives or fillers were employed in these experiments. This decision was based on the
lack of archaeological evidence for adhesive manufacture in the Acheulean and to
demonstrate that even a simple design provides a highly functional tool.

Tool Articulation

Juxtaposed hafting- adzes

Lithics were directly hafted onto adze handles without wrapping (See Figure 7). Some
exploratory experiments showed that wrapping the tool before hafting reduced the haft
strength. Wet rawhide bindings were applied with maximum tension and wrapped in both
directions to increase stability. The bindings were allowed to fully dry on a warm radiator, or
close to a fire until they were solid (See Figure 8). For each hafted adze, this produced a
hafted tool with limited movement between the lithic and the handle. Forcing the bindings to
dry too quickly led to them becoming weak and brittle, which led to haft failure. De-hafting
was achieved by re-soaking the bindings until they became soft and pliable.

Inserted hafting - socket axes

For socket axes, hand-axes were directly inserted into wooden handles often with the butt of
the tool as the working edge (See Figure 9). Socket axe 4 demonstrated that a tip working



edge was possible with broader tranchet tips. The force of action seated the lithic into the
handle. A sharp strike on the handle above the lithic was used to de-haft the tools.

Tool use

The hafted tools were all used in heavy duty percussive woodwork. As the experiment existed
within a larger use-wear programme, the use duration varied. Most of the tool use was
performed by CS in the experiment archaeology research training hub (EARTH) workshop at
the University of Liverpool. Some experimentation was performed in Alder Car woodland,
Silsden, North Yorkshire, UK. This included the felling of a large, approximately 45 cm
diameter dead standing sycamore tree, performed by various members of West Yorkshire
Bushcraft, who have permissive access to the private woodland. In a separate experiment, CS
felled and sectioned into 4 an approximately 10 cm diameter live rowan tree ( Sorbus
aucupairia), taking approximately 12 minutes (See Figure 10). Full details of the tools used
can be found in Table 1, Appendix 1.

Results and discussion

The key findings are that even though the replica Acheulean hand-axes had been thinned, in
some cases aggressively, they were able to withstand high-energy percussive work without
failing. In some cases, the working edge was damaged during use, which was easily repaired
by retouch while still hafted.

It is also interesting that certain design features of Acheulean hand-axes suited hafting. A key
feature which aided hafting in the socket arrangement, was having a sharp perimeter. This
caused the hand-axe to bite into the handle and resulted in a secure haft. For adzes, with the
bindings in contact with a sharp edge, this was expected to cause problems. While this was
the case for the commercial rawhide tested, when using the rawhide that we manufactured
there was no issue, with both the rawhide and the haft surviving heavy use. Indeed, the same
bindings were used in several experiments as they were not damaged. The argument that we
would observe archaeological examples of hand-axes with their edges ground off to protect
the bindings, had they been used hafted, is refuted by these findings. In socket axes, having
sharp unmodified edges is functional in producing a more secure haft. Modifying and
blunting the edges of adzes by grinding them is an unnecessary production step as the sharp
edges are not capable of cutting the bindings that secure the lithic to the handle.

Tools which were well thinned were also much easier to haft. In socket axes, thinner tools
acted less like a wedge in splitting the handle. In adzes, the thinner tools had a flatter profile
across the face, which again, made hafting much easier as it aided articulation to the haft. In
both adzes and socket axes, symmetry was also significant. Hand-axes which exhibited
significant asymmetry, either in plan or in any other volumetric measure, were either harder
to haft, or simply unable to be hafted. Conversely, the more symmetrical, the easier the tool



was to haft, and the better it performed, with reduced twisting and increased balance in the
haft.

Although not reported here, the use-wear which formed, or indeed did not form on the
working edge, did not produce an obvious pattern, such as large scarring, or significant
polish, which would have been ‘observed by now' if present in the archaeological record. In all
cases, there was no well-developed polish. Microfractures did occur, although these proved
hard to distinguish from the retouch. Such curated tools would also have been well repaired,
potentially removing any use-wear which would easily identify the tools as having been used
in high-energy percussion.

The most significant contribution of these experiments is to highlight the potential hidden
complexity of archaeological stone tools when they are taken at face value. The difference in
complexity between a simple hand-held Acheulean hand-axe, and one that was hafted was
remarkable. Despite being able to make Acheulean hand-axes of a ‘passable nature’, CS
initially struggled to make completed hafted tools, requiring significant input from KL, and
other experts mentioned in the paper. Bindings and handles may both have a chaine
opératoire , that may be more complex than the production of the hand-axe. In both cases
they require a mix of organic and nonorganic tools, as well as significant planning and time
requirements. It is also likely that such an adze used in natural settings might require some
form of waterproofing, to prevent the bindings becoming wet, leading to haft failure. These
hidden bodies of knowledge, and level of behavioural complexity, are not even being
considered if we assume a lack of hafting.

Of course, the experiments here, much like a lot of experimental archaeology, demonstrate a
possibility; they allow for a hypothesis to be constructed (Eren and Meltzer, 2024). The good
news in this case is that through a developed functional use-wear analysis program, detecting
hafting on such tools should be possible (Rots, 2010). Such an approach would allow us to ‘get
a handle’ on the technological and behavioural complexity of ancestral hominins.
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Appendix 1

Tool
name

Adzes

Adze 3

Adze 4

Adze 5

Adze 6

Adze 7

Adze 8

Adze 9

Adze 10

Adze 11

Adze 12

Adze 13

Adze 14

Adze 15

Adze 16

Adze 17

Socket
Axes

Socket
Axe 3

Prehensile
mode

Hafted Adze

Hafted Adze

Hafted Adze

Hafted Adze

Hafted Adze

Hafted Adze

Hafted Adze

Hafted Adze

Hafted Adze

Hafted Adze

Hafted Adze

Hafted Adze

Hafted Adze

Hafted Adze

Hafted Adze

Hafted
Socket Axe

Haft
ID

JXTC

JXTC

JXTC

IXTA

JXTA

JXTC

JXTA

JXTC

JXTC

JXTC

JXTA

JXTC

JXTB

JXTB

JXT C

Axe
1.2

Action

Adzing

Adzing

Adzing

Adzing

Adzing

Adzing

Adzing

Adzing

Adzing

Adzing

Adzing
and dig

Adzing

Adzing

Adzing

Adzing

AXing

Contact material

Dry hard wood (Ash
round)

Dry hard wood (Ash
round)

Dry hard wood (Ash
round)

Dry hard wood (Ash
round)

Dry hard wood (Ash
round)

Dry hard wood (Ash
round)

Dry hard wood (Ash
round)

Dry hard wood (Ash
round)

Dry hard wood (Ash
round)

Dry hard wood (Ash
round)

Dry hard wood (Ash
round)

Dry hard wood (Ash
round)

Fresh soft wood
(Birch)
Dry hard wood (Ash

round)

Dry hard wood (Ash
round)

Dry hard wood
(small Cherry

Time (mins) Plan shape

20

20

30

30

30

30

38

40

50

60

60

60

60

90

90

Pointed

Pointed
tranchet

Ovate

Ovate

Pointed

Pointed
chordate

Ovate

Ovate

Pointed
chordate

Pointed

Pointed
chordate

Pointed
chordate

Ovate

Pointed
chordate

Pointed

Pointed
chordate

Mass
(8)

444

368

458

396

467

536

400

398

288

398

590

344

338

400

595

257



Socket
Axe 4

Socket
Axe 5

Socket
Axe 6

Socket
Axe 7

Socket
Axe 8

Socket
Axe 9

Socket
Axe 10

Socket
Axe 11

Socket
Axe 12

Socket
Axe 13

Socket
Axe 14

Socket
Axe 15

Socket
Axe 16

Socket
Axe 17

Socket
Axe 18

Socket
Axe 19

Socket
Axe 20

Socket
Axe 21

TABLE 1. TOOLS USED IN EXPERIMENT.

Hafted
Socket Axe

Hafted
Socket Axe

Hafted
Socket Axe

Hafted
Socket Axe

Hafted
Socket Axe

Hafted
Socket Axe

Hafted
Socket Axe

Hafted
Socket Axe

Hafted
Socket Axe

Hafted
Socket Axe

Hafted
Socket Axe

Hafted
Socket Axe

Hafted
Socket Axe

Hafted
Socket Axe

Hafted
Socket Axe

Hafted
Socket Axe

Hafted
Socket Axe

Hafted
Socket Axe

Axe
1.3

Axe
1.2

Axe
1.2

Axe 1

Axe
1.3

Axe 2

Axe 1

Axe
1.2

Axe 1

Axe 1

Axe 1

Axe 1

Axe
1.2

Axe
1.2

Axe
1.2

Axe
1.2

Axe
1.2

Axe
1.2

Tip (R)

Axing

Axing

Axing

Butt

Axing

Axing

Axing

Axing

Axing

Axing

AXxing

Axing

AXxing

Axing

AXxing

Axing

AXxing

sections)
15

Fresh soft wood
(Birch)

Wood mix

Dry hard wood (Ash)

40

Fresh hard wood
(Ash)

Dry hard wood (Yew
and Ash)

Hard dry wood
(Ash)

Fresh hard wood
(Ash)

Dry hard wood (Ash)

Fresh hard wood
(Ash)

Dry hard wood (Ash)

Dry hard wood (Ash
round)

Fresh soft wood
(Birch)
Fresh soft wood
(Birch)
Fresh soft wood
(Birch)
Fresh soft wood
(Birch)

Fresh soft wood
(Birch)

Pointed
tranchet

20

20

Ovate

42

50

60

15

60

90

90

90

90

90

90

381

Pointed

Pointed

Pointed

381

Ovate

Pointed

Pointed

Ovate

Ovate

Ovate

Ovate

Pointed
chordate

Ovate

Ovate

Ovate
tranchet

Pointed
chordate

Ovate

cs

337

290

245

cs

465

482

362

352

446

305

345

394

268

452

426

430

243
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FIG 1. REPLICA HAND-AXE EXAMPLE USED FOR THIS RESEARCH. KNAPPED BY KL. PHOTO BY CHRISTOPHER SCOTT
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FIG 2. JXTA HANDLE WITH NO BACKSTOP. BOTTOM: JXT B HANDLE WITH BACKSTOP. PHOTO BY CHRISTOPHER
SCOTT
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FIG 3. JXTC HANDLE. PHOTO BY CHRISTOPHER SCOTT
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FIG 4. JXTC HANDLE. PHOTO BY CHRISTOPHER SCOTT
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FIG 6. RED DEER HIDE STRUNG OUT UNDER TENSION. RIGHT: HAFTED HAND-AXE BEING USED TO SCRAPE HIDE.
PHOTO BY CHRISTOPHER SCOTT
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FIG 7. EXAMPLES OF EACH ADZE HANDLE WITH LITHIC ATTACHED. PHOTO BY CHRISTOPHER SCOTT
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FIG 8. TOOL BINDINGS DRYING SLOWLY NEAR FIRE. PHOTO BY CHRISTOPHER SCOTT
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FIG 9. EXAMPLE OF HAFTED HAND-AXE IN SOCKET AXE WITH BUTT AS WORKING EDGE. PHOTO BY CHRISTOPHER
SCOTT
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FIG 10. CS FELLING LIVE ROWAN TREE (SORBUS AUCUPAIRIA). PHOTO BY CHRISTOPHER SCOTT
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