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The appearance of the Acheulean and the production of new bifacial tools marked a revolution
in human behavior. The use of longer and complex operative chains, with centripetal and
recurrent knapping, adapted to different raw materials, created long useful edges, converging
in a functional distal end. How and why these handaxes vary has been the subject of intense
debates. Britain provides a clearly defined region at the edge of the hominin occupiedworld for
discussing variation in Acheulean assemblages. The environmental changes from MIS 15 to
MIS 11 are significant in understanding population change, with probable breaks in evidence
during MIS 14 and MIS 12, followed by several sites during the long stable climate of MIS11c.
In this latter period, different Acheulean technological expressions appear to coexist in Britain.
This paper draws together different studies, combining technology and geometric
morphometrics to analyze handaxes from six British sites: Brandon Fields, Boxgrove
(Q1B), High Lodge, Hitchin, Swanscombe (UMG), and Elveden. Compared to the earlier
Acheulean ofMIS 15, the assemblages of MIS 13 show increased standardization and the use
of soft hammer percussion for thinning mid-sections and butts of tools, or sharpening tips
through tranchet removals. Although there is regional population discontinuity through MIS12
there is no evidence of a marked change in technology after this glacial period. Rather, there is
a development towards more intense shaping with the same underlying techniques, but with
flexibility in imposed handaxe form. From MIS11 there appear to be distinctive localized
traditions of manufacture, which suggest that a recognition of place and territories had
developed by this time. These are expressed over medium time-scales of several thousand
years and have significance for how we view cultural expression and transmission.
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INTRODUCTION

The linked concepts of social learning, knowledge transfer and cultural transmission have long been
recognized as important areas of early human research, particularly in relation to the development of
complex technologies and cumulative culture (e.g., Mithen, 1994; Tomasello, 1999; Boyd et al., 2011;
Pradhan et al., 2012; Dean et al., 2014; Henrich, 2015; Henrich and Tennie, 2017; Pargeter et al., 2019;
Stout et al., 2019). But attempts to demonstrate the role of cumulative culture (Rosenberg-Yefet et al.,
2021), and understanding the detailed mechanics of how they operate, have often been hindered by
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the large geographies and long timescales of the Lower Paleolithic
record. The period is populated by short-term glimpses of human
behavior, usually represented by lithic evidence that is scattered
through space and time. Although this enables detailed
behavioral insights or broad narratives of technological
development, what is often missing between these short and
long timescales is an understanding of how culture develops, is
structured and persists at the millennial scale of several thousand
years. In essence how did societies operate through multi-
generational timescales in the Lower Paleolithic?

For Europe, questions of cultural transmission are particularly
acute, as long-term cyclical changes in climates and environments
led to ebbs and flows of population either between north and
south or potentially with depopulation of the entire continent
(Roebroeks, 2006; Dennell at al., 2011; Moncel et al., 2015). Often
characterized as the ‘source and sink’ model, questions still
remain about the boundaries between these zones, and
whether cultural transmission was maintained throughout the
Middle Pleistocene within Europe, or was dependent on source
areas beyond.

Britain can be used as a laboratory for beginning to understand
these concepts at the medium timescale. Middle Pleistocene
research in Britain over the past 30 years has created a robust
geological framework within which the abundant archaeological
record can be placed (Bridgland, 1994; Bowen, 1999; Schreve,
2001; Penkman et al., 2011; Preece and Parfitt, 2012; Lewis et al.,
2021). Work has highlighted the discontinuous nature of the
record, which was due in part to successive glaciations, but also to
Britain’s position as a cul-de-sac of Eurasia, tenuously linked to
the main continent by a narrow isthmus of optimally 150 km
wide during warm periods (Preece, 1995; White and Schreve,
2000; Hijma et al., 2012; Ashton et al., 2016; Ashton and Davis
2021). This specific geography appears to have led to a series of
short-term population incursions into Britain with a diverse array
of material culture manifested in simple core and flake
assemblages and those with distinctive handaxe forms. Due to
the resolution of the geological framework, these population
incursions can sometimes be attributed to isotope substages,
and for some MIS 11 sites attributed to pollen zones of a few
thousand years within substages (Ashton et al., 2016; Davis and
Ashton 2019). This detailed record enables interrogation of the
meaning behind handaxe form at the medium timescale.

Variation in handaxe form in Britain was recognized from the
inception of the subject (Evans 1872, 1897). But it was Roe (1968),
building on the metrical work of Bordes (1961), who provided a
structure within which site assemblages could be categorized,
identifying sevenmajor Groups with several sub-groups, based on
linear dimension ratios. Through the following decades the
groups were hard to interpret due to poor chronological
resolution, but as dating has improved over the last 30 years
work has refocused on Roe’s original groups (Bridgland and
White, 2014, 2015; White, 2015; White et al., 2018). These papers
have taken Roe’s original analyses with the addition of new sites,
and suggest that there is chronological patterning in the British
handaxe record. In parallel, a further series of papers have put
forward the notion of a series of population incursions with
differences in material culture, including those with distinctive

handaxe forms (Ashton, 2016; Davis and Ashton 2019; Davis
et al., 2021a; Ashton and Davis 2021).

All these studies used either published data, or standard
metrical analyses, but over the last few years there has been
increasing use of 3D morphometrics for analyzing variation in
handaxe form (Lycett et al., 2006; Archer and Braun, 2010;
Shipton, 2013; Shipton and Clarkson, 2015a; Herzlinger et al.,
2017; Hoggard et al., 2019). This method was at the heart of the
Marie-Curie funded Western European Acheulean Project
(WEAP), which developed a unified technological analysis of
handaxes in combination with 3D morphometrics (see below).
These methods have been used in the current work drawing on
analyses undertaken by Shipton and White (2020) in
combination with those from the British sites studied for
WEAP (García-Medrano et al., 2019; García-Medrano et al.,
2020, submitted).

The purpose of this paper is to use handaxes from six key
British Middle Pleistocene sites that span the period fromMIS 15
through to MIS 11 to answer the following questions:

1 Are the distinctions in handaxe form that have been identified
in previous studies, supported by the current analyses using the
WEAP method?

2 Are there chronological patterns in the data between the
different isotope stages?

3 Are there spatial patterns within any of the isotope stages?

The results will be used to examine long-term developments in
technology between MIS 15, 13, and 11 of whether there are
underlying trends that suggest elements of continuity in northern
Europe, albeit outside Britain, or whether there are abrupt
changes in technology between the isotope stages, indicative of
much more southerly source areas for incoming populations. For
MIS 13 and 11, the results will be used to show whether there are
regional differences or similarities within these isotope stages, and
what this may mean in terms of population and group cultural
dynamics.

MATERIALS AND METHODS

Archaeological Contexts
The six British sites that have been analyzed for this paper consist
of Brandon Fields (MIS 15), Boxgrove and High Lodge (both MIS
13), and Elveden, Swanscombe and Hitchin (all attributed to the
long, warm MIS 11c substage). The sites were selected because of
the good resolution of their dating. The combination of glacial
history, its relationship with terrace stratigraphy, good
preservation of biological remains, and the wide deployment
of aminostratigraphy enables correlation between sites and the
Marine Isotope record (Ashton, 2016). They vary from
assemblages collected in the late 19th century (Brandon
Fields), to those more recently excavated (Boxgrove). They are
all open-air sites from alluvial and lacustrine contexts and
therefore inevitably are samples of landscapes and subject to a
variety of taphonomic processes. Although the methods of
recovery vary at the different sites, the inclusion of cores and
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flakes in the collected assemblages reflects thorough recovery, and
not just selection of the finer pieces. As the study is focused on
handaxes, the collected assemblages are likely to be representative
of the wider handaxe populations. For this study, some of the
assemblages were sub-sampled. This was achieved through a
visual inspection of the entire assemblage with selection of
consecutive boxes that appeared to be representative, rejecting
incomplete handaxes. Brief descriptions of the sites are given
below with references for more detailed information about
the sites.

Brandon Fields is now an area of undulating hollows that mark
former gravel pits on a hilltop to the south-west of Brandon,
Suffolk. Handaxes and other artefacts were collected here from
the late 1860s most notably by James Flower, who gave a clear
description of the location and geology (Flower 1869; Evans 1872;
Evans 1897). Recent fieldwork has confirmed the original
descriptions, which interprets the gravel as being from the
Timworth Terrace of the Bytham River dating to MIS 14 and
that most of the assemblage derives from MIS 15 land-surfaces
(Davis et al., 2021a; Lewis et al., 2021). The British Museum holds
148 of the handaxes, which consist of two condition types.
Around 85% are rather crude in manufacture, elongated, thick,
relatively abraded, and generally stained. The remainder are
generally ovate in form, fresher condition and exhibit more
patination. Although an absolute split between the two
assemblage types is difficult, 50 were sampled for this study,
which generally adhere to the first group of cruder forms.

High Lodge is also a River Bytham site, just 10 km south of
Brandon Fields. It is situated in a disused clay pit with the first
artefacts discovered in the 1870s. The clays yielded a core, flake
and scraper industry, while overlying sands provided an
assemblage of handaxes (Evans, 1872; Whitaker et al., 1891;
Marr, 1921). Extensive excavation by the British Museum
(1962–68 and 1988) established the geology and archaeological
contexts of the site (Ashton et al., 1992; Lewis et al., 2021). The
clays (Bed C) and overlying sands (Bed E) are floodplain
sediments of the Bytham River dating to MIS 13, which were
subglacially deformed during the Anglian glaciation (MIS 12).
For this study 32 handaxes from Bed E were recorded.

Boxgrove is located above the Sussex coastal plain in the
former Eartham Quarry that revealed a sequence of marine,
freshwater and terrestrial sediments that formed beneath a
marine-cut chalk cliff (Roberts and Parfitt, 1999; Pope et al.,
2020). The site dates to late MIS 13 based on mammalian
biostratigraphy. The chalk provided abundant flint raw
materials for the archaeological horizons, which consist of
extensive lithic scatters associated with butchered mammal
remains. The main concentration of 414 handaxes was
excavated from around the Q1B watering hole, from which 50
were recorded for the present paper.

Elveden (Suffolk) is a disused clay pit from which handaxes
were recovered in the early 20th century, with more formal
excavation in 1937 (Paterson and Fagg, 1940). The most
recent fieldwork was from 1995 to 1999, which revealed that
fine-grained lacustrine and fluvial sediments infill a small basin
and date to the first half of the Hoxnian interglacial (MIS 11c;
Ashton et al., 2005). The main handaxe assemblage was collected

in the early 20th century with additional material from the two
excavations, the latter being concentrated around the edges of the
basin and likely dating to the peak interglacial (Hoxnian pollen
zones IIc-III; Davis and Ashton, 2019). Adjacent chalk provided a
nearby source of flint, while refitting and the fresh condition of
the artefacts indicates that most of the assemblages are in primary
context. In total 80 handaxes have been recorded from the site
and held in several different museums. For this research the 29
complete handaxes in the British Museum collection were
studied, including three from the 1990s excavations.

Swanscombe (Barnfield Pit) is located on the Orsett Heath
terrace of the River Thames in Kent, where fluvial sediments are
attributed to the Hoxnian interglacial (MIS 11c; Smith and
Dewey, 1913; Ovey, 1964; Wymer, 1968; Conway et al., 1996).
The Lower Gravel and Lower Loam contain non-handaxe
assemblages and date to the first half of the interglacial
(Hoxnian pollen zones I and II), while handaxe assemblages
have been recovered from the Lower Middle Gravel and the
Upper Middle Gravel, which date to the peak interglacial
(Hoxnian pollen zones late II and III). For this study, we
sampled 50 handaxes from the Wymer 1950s excavations of
the Upper Middle Gravel, in combination 34 handaxes from
undifferentiated Middle Gravels, collected by Marston in the
middle decades of the 20th century. Both collections are held
at the British Museum. The assemblages are in secondary context,
but were probably derived from the nearby floodplain of the river,
using local flint gravels as the source for raw material.

Hitchin. A series of clay pits around the town of Hitchin were
exploited in the late 19th and early 20th centuries, from which
handaxe assemblages were collected (Reid, 1897; Boreham and
Gibbard, 1995). Most reports suggest that lacustrine sediments
infill a basin or series of basins above Anglian till and glacial
gravels. The stratigraphic position and palynology from the clays
suggest that they date to the first half of the Hoxnian interglacial
(MIS 11c). A thick sequence of overlying “brickearth” has been
interpreted as a combination of colluvial, fluvial and aeolian
deposits (Boreham and Gibbard, 1995). Over 60 handaxes
were collected in the late 19th and early 20th centuries, many
from a gravelly loam at the base of the ‘brickearth’ (Reid, 1897),
although after Reid’s visit others were found in the Lake Beds
alongside interglacial mammalian remains (Reid, 1898, p18,
footnote) while a photograph taken in 1885 seems to put the
find location of at least one handaxe to within the lacustrine
sediments (Bloom, 1934, 39). Recent works (White et al., 2019;
Shipton and White 2020) have suggested that two separate
assemblages may be combined in the Hitchin sample, perhaps
belonging to different parts of the same sub-stage (as found at
Foxhall Road, Ipswich) or different sub-stages (as found at
Swanscombe, Kent).

Methods
Each handaxe was analyzed from two points of view: as a single
unit, and as the sum of three separately analyzed morpho-
functional parts; the tip, mid-section, and butt (Table 1)
(García-Medrano et al., 2020). The division of each tool into
three parts is based on the metrical distinction of the distal part at
1/5 of length, and the proximal part as 4/5 of length from the tip
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(Roe 1968). As a single unit, each tool can be defined by a
combination of features that make it unique: material and blank
type, facial working, edge delineation, bifacial and bilateral
symmetry, and number of scars. The technological features
considered on the three tool sections are type of hammer,

number of removal series, depth of scars on edges,
invasiveness of scars on a tool’s surface, type of shaping and
any patina variation.

Together with the technological descriptions, measurements
were the basis of Bordes’ handaxe morphological types

TABLE 1 | Technological features and linear measurements considered to analyze LCT according to the WEAP Method.

WEAP method: Technological Features LCT as one unit

Variable Categories Description

Raw material Type Flint, chert, quartzite, quartz, limestone, and other metamorphic rocks
Blank type Blocks Broken from bedrock

Nodules Eroded from bedrock
Cobbles From river gravel
Flakes Detached from cobbles/nodules/blocks

Number of faces Unifacial Only one shaped face
Bifacial Two shaped faces
Trifacial Three shaped faces

Cortex localization Tip Cortex only on tip
Mid Cortex on mid-part
Butt Cortex on butt
All Cortex along the whole piece

Edge delineation Straight In profile view
Sinuous
Curved

Symmetry SIM Symmetric hemispheres
NSIM Asymmetric hemispheres

Number of scars (N) Counted per face

LCT for each morpho-functional part (tip, mid and butt)

Variable Categories Description

Hammer used Hard Deep bulbar impressions, deep effect of scars on edge
Soft Minimal bulbar impressions, marginal effect of scars on edge
Combined Combination of both

Presence of Cortex %
Removal Series *Add as many as needed 1 One removal series

2 Two removal series
3 . . . Three removal series (or more)
Final Retouch Could be a removal series by itself
Combined The combination of these series

Depth scars on edge Deep Generating denticulate edges
Marginal Creating continuous edges

Invasiveness (scars on tool’s surface) *analyse each series of
removals

Non-invasive Removals travelling <50% of distance to midline
Invasive Removals affecting ≥50% of piece

Final Retouch Non-invasive Removals close to the edge
Invasive Removals affecting ≥50% of piece
Specific types e.g. Tranchet, Shallow retouch

Type of shaping General According to the rest of tool’s shaping strategy
Specific In a different way (e.g. combination of different series, or with different depth or

invasiveness)
Final Retouch e.g. tranchet removals or shallow retouch

LCT linear measurements and indices

Length (L)
Maximum width (m)
Maximum Thickness (e)
Width at middle Length (n)
Distal width (B1)
Proximal width (B2)
Distal Thickness (T1)
*Elongation Index (L/m)
*Refinement Index (m/e)
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(“triangulaires”, “subtriangulaires”, “cordiformes”, discoid, ovate,
and “limandes”) according to two main criteria: length against
width, width against thickness (Bordes, 1961). However, the
boundaries between the categories were sometimes imprecise,
leading Roe (1968) to include three new measures: distal width
(B1), proximal width (B2) and distal thickness (T1), to
distinguish three shapes: pointed, ovate and cleaver-type tools.
We retain all these measures to describe the tools, and compare
the results with the morphological and technical features such as
reduction intensity. The measurements have also been used to
produce ratios to enhance handaxe description (Bordes 1961; Roe
1968, 1994). Elongation is given as length/width with values > 1.5
described as elongated. Refinement is measured by width/
thickness with refined handaxes having values > 2.35.

This large set of technological features was combined by
applying Correspondence Analysis (CA) to identify the
differences and similarities of handaxes and cleavers as both
complete tools and as three parts of a tool (tip, mid-section, and
butt). The analysis also compared raw materials and types of
blank. The Components 1, 2, and 3 were also explored with the
Kruskal–Wallis non-parametric test to determine whether or not
there are statistically significant differences between the medians
of multiple assemblages, using PAST 3.14 software.

In addition to the technological analysis, we applied geometric
morphometrics on 3D models to analyse tool shape variation.
Tools were scanned both using DLP projector laser scanner and
Flexscan software v.3.3.5.8. (LMI technologies, Canada)
transferred from the Fragmented Heritage Project (University
of Bradford), or a NextEngine and ScanStudio software. The 3D
models were processed using the AGMT3-D software v.3.1
(Herzlinger and Grosman, 2018; Herzlinger and Goren-Inbar,
2020). This is a data-acquisition procedure for automatically
positioning handaxe 3D models in space and fitting them with
grids of 3D semi-landmarks. Each point of the grid consists of two
semi-landmarks, one placed on each face of the artefact, so that a
50 × 50 grid provides 5,000 landmarks. This protocol provides a
list of landmarks that accurately express the artefact’s volumetric
configuration. It also provides a number of analytical tools and
procedures that enable data processing and statistical analysis
(Herzlinger and Grosman, 2018).

By examining the morphological deformations and XY plots
of specimens from the PCA scatters, it is possible to interpret
shape variation by itself and compare the different tools within a
site or between different sites. In addition, the derived principal
component scores allow for the application of other quantitative
tests of multivariate equality of means between the groups (Costa,
2010; Herzlinger and Grosman, 2018; Herzlinger and Goren-
Inbar, 2020). Specific multivariate analysis of variance
(MANOVA) of the first 10 PCs helps to evaluate whether the
differences between multiple groups are statistically significant or
not. The alpha level for significance was determined as p < 0.05.

The latest version of this software (v.3.1) also offers different
quantitative approaches to the analysis of specific variations in
shape. First, we used the surface analysis and volume data to
apply a quantitative approach to reduction intensity. The Scar
Density Index (SDI, Clarkson, 2013; Shipton and Clarkson,
2015a, Shipton and Clarkson, 2015b) has been defined as the

number of flake scars (greater than 10 mm in maximum
dimension) divided by the surface area (in2). In addition, the
landmark data was used to calculate the degree of deviation from
perfect bilateral and bifacial symmetries, as well as the edge
section regularity of each item in the sample (Herzlinger and
Goren-Inbar, 2020). The bilateral symmetry analysis was
conducted by measuring the mean 3D Euclidean distance
between a mirror reflection of the landmarks placed on one
lateral half of each object and the corresponding landmarks on
the other half. The same procedure was performed for bifacial
symmetry, but on the two opposing faces. In a perfect bilaterally
or bifacially symmetrical object, the value of these indices will be
0, with increasing values indicating less symmetrical objects.

RESULTS

Our sample comprises 311 flint handaxes from six archaeological
sites, dated from MIS 15 to MIS 11c. For blank types, 18.97% of
them are made on cobbles/nodules, 33.12% on flakes and in
47.59% of cases the intensity of shaping precluded blank type
identification (Table 2).

Metrically, our sample is standard with respect to the
elongation of tools, but has a high inter-site variability with

TABLE 2 | Total number of instruments by type of blank (Cobble/nodule, Flake
and Unknown) and sites (BOX, Boxgrove; BF, Brandon Fields; ELV, Elveden;
HL, High Lodge; HN, Hitchin; SW, Swanscombe).

Cobble/
Nodule

Flake Unknown Total

(N) % (N) % (N) %

BOX 17 19.77 28 32.56 41 47.67 86
BF 12 24.00 14 28.00 24 48.00 50
ELV — — 14 48.00 15 51.72 29
HL — — 12 37.50 20 62.50 32
HN 6 20.00 9 30.00 15 50.00 30
SW 24 28.57 27 32.14 33 39.29 84
TOTAL 59 18.97 103 33.12 148 47.59 311

Bold values are total number of instruments per site.

TABLE 3 | Intra-assemblage shape variability analysis (mean multidimensional
Euclidean distance of all artefacts from its centroid) and distribution of relative
shape variability across dimensions of Figure 2.

% Variability Caused by

(n) Shape variability x (Width) y (Length) z (Thickness)

BF 48 7.82 48.41 3.06 48.53
BOX 87 4.88 54.10 3.86 42.04
HL 32 5.42 63.10 5.38 31.52
ELV 29 7.80 56.85 5.08 38.07
HN 29 6.58 53.34 2.26 44.41
SW 85 8.04 49.27 2.39 48.34
MIS15 48 7.82 48.41 3.06 48.53
MIS13 119 5.05 56.62 4.30 39.08
MIS11c 143 8.02 51.63 2.81 45.56

Abbreviations: BF, Brandon Fields; BOX, Boxgrove; HL, High Lodge; ELV, Elveden; HN;
Hitchin, SW, Swanscombe.
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respect to the refinement (SOM Table 1). In fact, the
morphological variation of the artefacts is mostly affected by
their width and thickness (Table 3). Figure 1 explores these two
indices by site and MIS. Boxgrove and High Lodge display a
similar pattern with the most refined and least elongated. The
MIS 15 site of Brandon Fields presents a lower median refinement
value than any of the younger sites. MIS 11c sites reflect a clear
common pattern, different from MIS 13 locations but similar to
each other, with higher elongation and lower refinement values
than MIS 13.

Principal Component Analysis on 310 3D models produced
309 principal components (PCs) with 90.37% of the variability
explained by the first 28 PCs. PC1 and PC2 together describe
more than the 40% of the variability, which from positive to
negative values represent for PC1 (27.71%) thin oval to thick
pointed shapes, and for PC2 (12.34%) refined to thicker tools
(Figure 2). MIS 13 sites are the least variable assemblages
(Table 3), both Boxgrove and High Lodge containing more
oval and refined shapes. Handaxes from Swanscombe are the
most pointed and thickest tools. Wilcoxon Rank-sum test on
interpoint distances between Boxgrove and Swanscombe indicate
the morphometrical differences between them are statistically
significant (ranksum = 20,638; n1 = 87; n2 = 85; p < 0.01). MIS
11c sites present much greater variability. Whereas Elveden’s
mean shape is located at the centre of the graph, with a clear
tendency to oval shapes, and the widest point closer to the middle
of the tools, Hitchin and Swanscombe present more pointed
shapes with their widest point towards the butt. The differences
between these MIS 11 sites are statistically different (ranksum =
10,452; n1 = 29; n2 = 85; p < 0.01).

With respect to symmetry (Table 4), the MIS 13 sites have
lower mean values than other assemblages, something that may
be related to the use of long shaping sequences, the degree of
invasiveness of their removals, the use of soft hammer percussion
(organic materials or potentially soft stone), with particular care
to the edges. MIS 11c tools present the major irregularity. And in
spite of the similarities between MIS 13 sites and the Elveden
shaping strategies, Elveden handaxes show 300% more
irregularity in their profiles than Boxgrove. This however is
entirely the consequence of the deliberately imposed sinuous,
twisted-profile shape which characterize this site (Figure 3).

The question remains as to whether their morphometrical
differences are the consequence of different technological
traditions and whether these morphological contrasts are
accompanied by changes in the underlying technologies? To
address these questions we have combined all the
technological features (Table 1) in a Correspondence Analysis
(Figure 4). Components 1, 2, and 3 explain 88.84% of the
variability of our samples, and the contribution of each one of
them varies depending on the site (Figure 4C).

MIS 13 sites occur in the same quadrants and represent the
longest reduction sequences, with a strong consistency of
approach in the technological strategies applied to the three
parts of the tools (tip, mid-part, and butt). They are mainly
shaped using two removal series, plus final retouch, with soft
hammer percussion. Usually, the first series is very invasive and
the second one, non-invasive. Removals have a limited effect on
edges, which are straight and sinuous in profile view, with
symmetric and, in a minor proportion, plano-convex silhouettes.

FIGURE 1 | Boxplot with jitter of elongation and refinement values per sites. Abbreviations: BF, Brandon Fields; BOX, Boxgrove; HL, High Lodge; ELV, Elveden;
HN; Hitchin, SW, Swanscombe.
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Our MIS 15 site, Brandon Fields, plots outside the range of
MIS 13 sites for most components. This is due to amix of features,
shorter sequences on cobbles combined with longer shaping ones
on unknown blanks; when examined at the level of technological
features by handaxe zone (Figures 5, 6), mid-parts and butts are
mainly shaped by only one removal series plus non-invasive final
retouch focused on edges.

The MIS11c handaxes are more variably distributed in the
graphs. Elveden and Swanscombe have similar values for
components 1 and 3, but differ on component 2
(Figure 4). This likely reflects cortical presence and the tip
shaping strategy. Elveden tips are shaped with final retouch in
more than 65% of cases, removing previous technological
information. In 40% of implements, this corresponds with
tranchet removals. Swanscombe presents a high proportion
of residual cortex, concentrated on butts and mid-parts.
Their tips are shaped in a variety of ways, combining 1
and 2 removal series with invasive and non-invasive final
retouch. Tranchet blows are scarce. The common ground
between Elveden and Swanscombe is the mid and butt
shaping strategy. Mid-parts are made with a first invasive
removal series combined in some cases with a non-invasive
one. The butts are shaped with only one removal series. The
difference between them on these parts is that Elveden
presents a small proportion of two combined removal
series on butts, and always a small proportion of final
retouch. On the other hand, Hitchin differs from
Swanscombe and Elveden on component 1 (Figure 4), due

to the high intra-site variety of technological features,
supporting recent contentions that two separate pulses of
occupation are contained in this assemblage (White et al.,
2019; Shipton and White 2020), one similar to Elveden and
the other to Swanscombe. To see more details on
technological features, see SOM Tables 2–5.

Despite technological differences between all the sites, a
Kruskal–Wallis test for variation in medians across all
components (Figure 4) indicates that there is no significant
inter-site heterogeneity: Component 1 vs. Component 2, p =
0.8728; Component 1 vs. Component 3, p = 0.8728. Although the
technology varies, these assemblages are representing the same
technology with a different combination of features, dependent
on the knapping aims.

SDI values show high intra-site variability, with medians in the
1 to 3.5 range (Figure 7). Elveden represents the opposite case,
with the highest SDI values. In general terms, there is a clear
relation between number of scars and volume of tools (cm3),
except in the case of Boxgrove (Table 5), which presents the
lowest values. At this site there is a particular circumstance, where
there is a frequent fracturing of blanks during the knapping
process, due to internal fissures and geodes. This leads to the loss
of the relationship between the metric characteristics of the
original blank and the metrical features of the final tool.
During this breakage process there is a loss of a part of the
initial scar information (SOM Figure 1), which is reflected in the
relation between the SDI value and the tool’s volume (García-
Medrano et al., 2019).

FIGURE 2 | Geometric morphometrics: PCA on handaxe 3D models by sites. Illustrations show hypothetical objects situated at the extremities of each principal
component, reflecting the shape trend it represents. Convex hulls represents the scatter plot limits on each site. The white area is the overlapped area.
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DISCUSSION

Long Term Trends and Regionalization of
Technology
The significance of variation in handaxe shape has long been a
focus of discussion in Britain, where cyclical, climatically-
forced fluctuations in ecology, geography and habitability
have been argued to provide a discontinuous but
understandable pattern of arrival, settlement and
abandonment (Preece, 1995; White and Schreve, 2001;
Hijma et al., 2012; Ashton et al., 2016; Hosfield and Cole,
2018; Ashton and Davis, 2021; Ashton and Davis, 2021).

The present analysis of six British Acheulean sites fromMIS 15
to MIS 11c allows technological and morphological intra and
inter-site variation to be explored further. Our results indicate
that there are statistically significant morphological groups
(Figure 8) that accord with previous studies (Roe, 1968;
Bridgland and White, 2014, 2015; White, 2015; Ashton, 2016;

White et al., 2018, 2019; Davis and Ashton 2019; Shipton and
White, 2020; Davis et al., 2021a; Ashton and Davis 2021). The
analysis shows that most of the tools occupy overlapping shape
space for the first two principal components. Nevertheless, these
groups are statistically distinguishable. There is a clear distance
from the highest morphometrical variability at Brandon Fields to
MIS 13 sites, which reflect the most ovate and standardized
assemblages. MIS 11c sites appear to reflect two main shape
groups: Elveden, which has a tendency to oval shapes, similar to
those from MIS 13; and the more pointed planforms at
Swanscombe and Hitchin.

The characteristic handaxes from Brandon Fields of thick,
elongated forms with irregular edges, have parallels with several
other early sites in eastern and southern England. Maidscross
Hill, 4 km south-west of Brandon Fields, also lies on the
Timworth Terrace of the Bytham River with the majority of
handaxes being abraded and of a similar form to those from
Brandon Fields, probably dating to MIS 15 (Flower, 1869; Davis

FIGURE 3 | The mean shapes of handaxes and cleavers. Color coding represents the relative degree of variability of each individual landmark reflecting the spatial
distribution of variability across the tools.
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et al., 2021a; Lewis et al., 2021). The complex sediments at
Warren Hill a further 8 km to the south of Maidscross Hill,
reflect the final iteration of the Bytham River, dating to MIS 12.
It has three intermixed, derived assemblages, the most abraded
of which is characterised by handaxes similar to those from
Brandon Fields and Maidscross Hill (Roe, 1968; Wymer, 1985;
Davis et al., 2021a; Lewis et al., 2021). This part of the
assemblage is also argued to date to MIS 15. Beyond the
Bytham system, Fordwich (Kent) is on a high terrace of the
River Stour and has long been suggested to have an early date
(Bridgland et al., 1998; Bridgland and White, 2014; White,
2015). Current fieldwork is investigating the context of the
artefacts alongside a new dating programme with initial
results supporting a pre-Anglian age (Key, in review).
Although there is variation in handaxe form, many are
elongated, thick ovate shapes with evidence of occasional soft
hammer use. Roe (1968) placed the assemblage in his Group V,
alongside the “worn series” fromWarren Hill. Finally, Farnham
on the River Wey in Surrey has artefacts from several terraces,
with a small assemblage of handaxes from the highest and oldest
Terrace A (Oakley, 1939; Roe, 1968). They were also placed by
Roe in his Group V, united by “the coarse character of the
handaxe industries belonging to it” (Roe, 1968, 65). Although
precise dating is lacking for some sites, there does appear to be a
group of handaxe assemblages that adhere to the form of those
from Brandon Fields, probably dating to MIS 15.

From MIS 15 to 13, there is a transition towards a consistent
technological approach with the maximum development of

shaping strategies through several removal series plus final
retouch on the whole perimeter of the tool, as represented by
the late MIS 13 sites of Boxgrove and High Lodge. The high
degree of invasiveness of this technology has a clear effect on the
refinement of handaxes, which increase by 28% (SOM Table 1).
These sites show the consistency of the technology from a
technological and morphometrical point of view, with high
standardization values and a correspondence between
technology and morphometry. They tend towards refined
ovate forms with soft hammer flaking, marginal trimming of
the middle and butt portions, and are also characterised by
frequent use of tranchet sharpening. Similar handaxes have
been noted from Corfe Mullen (Roe, 2001; McNabb et al.,
2012; Davis, 2013) and Ridge Gravel Pit (Davis, 2013; Davis
et al., 2021b) in the Solent Basin, where the terrace gravels have
been tentatively attributed to MIS 13. The Boxgrove assemblage
was excavated after Roe’s (1968) analysis, but Corfe Mullen and
High Lodge were both placed in his Group VII.

From MIS 11c, the technology behind the morphological
groups (oval vs. pointed) does not reflect the particularities
used to define each site by itself. There is variation in the
combination of the same technological features, adapted to the
final shaping aim. Technology reveals less standardization,
with the major heterogeneity documented on tips, but without
any statistically significant difference. The technology
acquired a new sense of plasticity, becoming flexible and
adapted to the features of the blank and towards achieving
the final template. Thus, the only difference between sites is the

FIGURE 4 | Correspondence Analysis (CA) resulting from combining all the technological features by sites (SOM Tables 1–4). (A) Component 1 and 2; (B)
Components 1 and 3; (C) Components loadings per site. Abbreviations: BF, Brandon Fields; BOX, Boxgrove; HL, High Lodge; ELV, Elveden; HN; Hitchin, SW,
Swanscombe.
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FIGURE 5 | PCA (biplots) of the technological features, which have a major effect on each group. The four graphs correspond with the technological variables
included in Figure 4 but divided in: (A)General aspects; (B)Distal part; (C)Mid-part; (D) Proximal part. In blue, technological features which contribute to the distribution
of sites. Abbreviations: Hard, hard percussion; Soft, soft percussion; H/S, combined; 1, one removal series; 2, two removal series; 1+FR, one plus Final Retouch; 2+FR,
two plus Final Retouch; CO_Butt, cortex in butts; CO_Butt + Mid, cortex in butts and mid-parts; CO_All, cortex in the whole instrument; CO_Midddle, Cortex in the
mid-parts; NC, no cortex; Str, straight edges; Sin, sinuous edges; Inc, incurved edges; SIM, symmetric profile; NSIM, non-symmetric profile; Pl-cx, Plano-convex profile;
Deep, deep effect on edges; Marginal, marginal effect on edges; 1_Inv., first invasive removal series; 1_Non-inv., first non-invasive removal series; 2_Inv., second invasive
removal series; 2_Non-inv., second non-invasive removal series; FR. Inv., invasive Final Retouch; FR. Non-inv., non-invasive Final Retouch; FR_Tranchet, Distal tranchet
Final Retouch).

FIGURE 6 | Handaxe examples from each site: (A), Brandon Fields (Sturge_14); (B), Boxgrove (Q1B_Unit4_95_L1097); (C), High Lodge (3,177); (D), Elveden
(Sturge_92); (E), Hitchin (272); (F) Swanscombe (16). In blue, transversal sections at upper fifth.
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relative abundance of particular features over others. For
example, we can associate the more oval, refined and
twisted-profile shapes of Elveden with a longer shaping
sequence around the whole perimeter of tools, with very

invasive removal series, including butts, and a frequent use
of tranchet blows on tips. By contrast, for Swanscombe these
sequences were adapted, keeping a significant part of the
original cortex on butt and mid-parts, and with tips shaped
by the combination of a first invasive removal series, a second
non-invasive one, and then final retouch. The knappers’
emphasis on the distal ends, reduced the tip width, creating
a shift of the maximum width to the mid to butt parts of tools.
Hitchin is more difficult to interpret, due to its high variability.

Exploring the relation between width and thickness at the
tip (at 1/5 Length) and butt (at 4/5 Length), we can detect that
tip thickness is similar between sites and without any
chronological pattern. Nevertheless, the flaking on tips
produces a progressive chronological decrease of tip width
(Figure 9). Tips are wider in oval samples, and narrow in
pointed tools. In this case, butts reflect greater variability than

TABLE 4 | Summary statistics for deviations from perfect bilateral and bifacial symmetry and edge irregularity.

Deviation from
bilateral symmetry

Deviation from
bifacial symmetry

Left edge
planform irregularity

Right edge
planform irregularity

Right section
irregularity

BF n = 49 Min 1,85 1,56 36,70 37,20 24,88
Max 15,93 15,01 180,23 169,57 341,70
Mean 5,49 4,88 85,18 79,73 106,00
Std. error 0,42 0,39 4,90 4,41 9,55
SD 2,95 2,71 34,32 30,86 66,88
CV 53,78 55,43 40,29 38,70 63,09

BOX n = 86 Min 0,99 1,22 26,72 20,13 16,51
Max 9,29 7,28 152,34 163,54 105,91
Mean 3,63 3,07 74,84 73,87 51,45
Std. error 0,16 0,14 3,18 3,26 1,99
SD 1,47 1,32 29,46 30,26 18,43
CV 40,51 43,02 39,37 40,96 35,82

HL n = 32 Min 1,85 1,54 32,71 27,65 26,70
Max 6,71 8,67 168,06 145,07 106,52
Mean 3,13 2,89 64,07 67,07 51,84
Std. error 0,23 0,24 5,67 4,47 3,64
SD 1,31 1,34 32,07 25,27 20,60
CV 41,95 46,23 50,06 37,68 39,73

ELV n = 29 Min 2,30 2,06 12,02 25,58 20,95
Max 13,74 10,12 131,22 167,26 183,76
Mean 5,71 4,39 66,29 72,39 84,50
Std. error 0,45 0,34 5,04 6,27 7,55
SD 2,41 1,83 27,13 33,77 40,68
CV 42,16 41,79 40,93 46,64 48,14

HN n = 29 Min 2,09 1,77 38,66 32,23 27,16
Max 16,15 16,19 221,94 244,22 191,64
Mean 5,69 5,27 105,16 110,93 78,48
Std. error 0,56 0,62 8,68 11,88 7,74
SD 3,00 3,34 46,74 63,98 41,68
CV 52,73 63,35 44,45 57,68 53,11

SW n = 85< Min 2,16 1,66 26,73 30,57 23,00
Max 18,80 12,80 316,95 242,32 271,70
Mean 6,33 4,84 118,92 109,82 85,16
Std. error 0,38 0,27 5,98 4,76 5,20
SD 3,49 2,48 55,16 43,87 47,94
CV 55,20 51,20 46,38 39,95 56,30

Abbreviations: BF, Brandon Fields; BOX, Boxgrove; HL, High Lodge; ELV, Elveden; HN; Hitchin, SW, Swanscombe.

TABLE 5 | MANOVA results between SDI and volume (cm3) of tools per site.

F df p r2

BF 39.08 48 ˂0.001 0.450
BOX 8.79 85 0.003 0.0948
HL 38.47 31 ˂0.01 0.5619
ELV 11.89 25 0.002 0.3313
SW 67.6 82 ˂0.001 0.545
HN 71.31 28 ˂0.001 0.725

Abbreviations: BF, Brandon Fields; BOX, Boxgrove; HL, High Lodge; ELV, Elveden; HN;
Hitchin, SW, Swanscombe.
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tips, without any clear pattern. The only aspect to highlight is
the small butt width of Elveden tools.

The ovate to cordiform-shaped handaxes from Elveden, often
with twisted profiles, have possible parallels with other
contemporary sites in East Anglia. The small assemblage from
Barnham (7 km to the east) contains several twisted ovates (Davis

and Ashton, 2019), while ovates also predominate in the small
assemblage from Beeches Pit (10 km to the south; Gowlett et al.,
2005). A further site is Foxhall Road in Ipswich (50 km south-east
of Elveden), where twisted ovates were recovered from lacustrine
clays in the excavations by Nina Layard (1904, 1906). Recent
reassessment has interpreted the clays as Hoxnian lake beds

FIGURE 7 | Boxplot with jitter of SDI (scars per in2) distribution per sites. Abbreviations: BF, Brandon Fields; BOX, Boxgrove; HL, High Lodge; ELV, Elveden; HN;
Hitchin, SW, Swanscombe.

FIGURE 8 | Cluster and distances of sites from the Geometric Morphometrics analysis. Abbreviations: BF, Brandon Fields; BOX, Boxgrove; HL, High Lodge; ELV,
Elveden; HN; Hitchin, SW, Swanscombe.
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(White and Plunkett, 2004) with unpublished OSL dates of 416 ±
36 ka and 434 ± 54 ka (see White et al., 2019).

The handaxes from the Middle Gravels at Swanscombe are
typically small, pointed forms with thick butts that sometimes
retain cortex. There are other sites on the same Orsett Heath/
Boyn Hill Thames terrace as Swanscombe, which can be broadly
attributed to MIS 11. Chadwell St Mary is 7 km downstream,
where at least 126 handaxes were recovered from a series of gravel
pits and have similar pointed forms to those from Swanscombe
(Roe, 1968; Wymer, 1985). Both sites were placed in Roe, (1968).
The East Burnham sites of Cooper’s and Deverill’s Pits are 60 km
upstream (Lacaille, 1939; Wymer 1968) and of 300 recorded
handaxes, most are again pointed in form.

Unlike earlier periods, there do appear to be regional patterns
in MIS 11. Palynology andmolluscan biostratigraphy suggest that
the assemblage from Swanscombe is contemporary to those from
Elveden, Barnham, and Beeches Pit, all attributed to the transition
betweenHoxnian pollen zones II and III with the resolution of the
dating perhaps as little as 2,000 to 3,000 years (Ashton, 2016).

Occupation atHitchin seems occur in the early interglacial aqueous
sediments (Ho II), as well as the overlying colluvial “brickearth” (post-
Hoxnian sensu stricto?), and the admixture of these two has probably
caused the Hitchin assemblage to be mis-classified. Unfortunately, it
has not proved possible to distinguish the two series on the basis of
condition, and in the absence of documentary record, only new field
investigations will be able to resolve this.

The broader implications of these results are explored below.

Implications for Population Dynamics and
Cultural Transmission inMiddle Pleistocene
Europe
From our study we can surmise that technology reflects an
underlying continuum of knowledge accumulation, with

small technical variations contributing to the
morphological groups identified. The results suggest that
there are long-term technological trends from MIS 15
through to MIS 13. These include the broad maintenance
of the bifacial concept with the increase in soft-hammer
flaking that enabled the production of thinner tools with
more regular, functional edges. The relatively simple
handaxe forms of MIS 15 saw a trajectory of gradual
functional improvement in MIS 13 through better and
more extensive cutting edges with sharpening or
resharpening by tranchet blows to the tip. This specific
practice may also reflect greater curation of handaxes
during MIS 13 (Emery, 2010). If Britain was depopulated
during MIS 14, then the results suggest that the returning
populations in MIS 13 come from source areas within western
or southern Europe (e.g. Antoine et al., 2016), without any
clear indication of innovation from further afield.

The maintenance of technology and form in late MIS 13 could
suggest strong cultural links across areas of up to 300 km.
Alternatively it could reflect rapid colonisation by related
groups with the conservative maintenance of more isolated
practice through strong social norms. A further option is that
colonisation of these areas was of short duration with insufficient
time for diversification from established practice. Whatever the
answer, it is probable that normative behaviour, governing the
form handaxes should take and the techniques used to make and
re-sharpen them, was established by MIS 13 (Shipton and White,
2020).

By MIS 11 there is a pattern of regionalisation in material
culture, with distinctions in handaxe forms between the Thames
Valley and central East Anglia. It has previously been suggested
that these regions could reflect related group territories with
potential radii of c. 30–40 km (Davis and Ashton, 2019; Shipton
andWhite, 2020; Ashton and Davis, 2021). This order of territory

FIGURE 9 | Boxplot with jitter of Tip width and thickness. Abbreviations: BF, Brandon Fields; BOX, Boxgrove; HL, High Lodge; ELV, Elveden; HN; Hitchin, SW,
Swanscombe.
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size in temperate environments has been argued to be sufficient to
support groups of c. 150 people, dependent on the technological
ability to convert usable biomass into food (Ashton and Davis,
2021). A similar size for groups, or related sub-groups, is also
suggested to be biologically viable as a breeding population
(Wobst, 1974), and furthermore corresponds with the number
of maintainable relationships in the Social Brain Hypothesis
(Dunbar, 1998, 2003).

If the East Anglian and Thames Valley MIS 11 sites do represent
different territories, then their contemporaneity and marked
distinction in material culture would suggest different populations
entering Britain, rather than in situ divergence. The East Anglian
sites could relate to populations arriving via the East Anglian rivers,
such as the Suffolk Stour, or the Waveney, while Swanscombe,
Chadwell St Mary and East Burnham are all linked by the River
Thames. Hitchin could conceivably have multiple periods of
occupation, and lying midway between the two regions could
have archaeological signatures from both. The duration of the
East Anglian sites is hard to gauge, but an important
contribution of Swanscombe is the persistent manufacture of the
same forms of handaxes throughout the 2 m depth of the Middle
Gravels, indicating a stable population for several thousand years.

The regionalisation of material culture by MIS 11 has
important implications for the interpretation of lithic
assemblages beyond Britain. Ashton and Davis (2021)
suggested the Cultural Mosaic Model, whereby in stable
environments different cultural expressions developed in part
as a reflection of local resources and needs. Changes in
environment would trigger shifts in population with an
increase in exchange of technological knowledge, acculturation
and increased gene-flow. This enabled the transmission of
technological practice on a broader scale, such as western and
central Europe, where by MIS 11 there is evidence for efficient
hunting, skilled butchery, wood-, hide- and bone-working, and
the use of fire at several sites across the region (Warren, 1911;
Thieme, 1997 the use of fire; Roberts and Parfitt, 1999; Gowlett
et al., 2005; Voormolen, 2008; Roebroeks and Villa, 2011; Schoch
et al., 2015; van Kolfschoten et al., 2015; Ravon et al., 2016a,
2016b, 2022; Zutovski and Barkai, 2016; Milks et al., 2019).

CONCLUSION

The results of this paper have provided answers to the
questions set out in the introduction. The WEAP method as
applied to the six sites supports previous work on the
identification of chronologically and morphologically
distinct groups of sites. Besides, the combination of
technological and morphometry give us information at
different scales. On the one hand, technology shows a
continuum accumulation of knowledge, without abrupt
changes. There is a clear transition from a standardization
of technology until MIS 13 and then, a plasticity on how this
technology is applied at each site, depending in part on raw
material quality as well as the final mental template. On the
other hand, morphometry reflects the higher degree of
regionalization, especially from MIS 11.

Furthermore, there are technological developments that can be
identified from MIS 15 sites to those of later periods. The
developments are underpinned by increased use of soft
hammer flaking, which enabled the production of thinner
handaxes with more effective and even cutting edges and the
deployment of specific forms of sharpening, such as tranchet
finishing. The use of soft hammer also enabled the imposition of
greater variety in form and the application of idiosyncratic
techniques, such as twisted profiles. Variation in form is first
fully expressed in MIS 11, where regional patterns can be
identified, unlike earlier periods. These appear to be the
expression of small-scale group identity over multi-
generational timescales of several thousand years, indicating
strong systems of social learning and an adherence to group
norms. Normative behavior, as expressed in this case through
handaxes, created stronger social bonds and better group
cohesion (Shipton et al., 2021) which were arguably essential
ingredients for survival of more dispersed populations in
northern environments.
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