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Abstract
Flint is a raw material that has been used by humans for millennia and lithic artefacts
are ubiquitous throughout the hominin record. Their significance is not limited to form
and function but how and where raw material was collected from. Reconstructing these
pathways in the landscape brings a human perspective to the deep past, shedding light
not just on the areas moved through but also economic and organisational choices.
This thesis is concerned with understanding how Neanderthal populations made stone
procurement decisions in the La Manche region, specifically the Normano-Breton
Gulf, which is located between Brittany and Normandy. This area was occupied
repeatedly by Neanderthals during the Middle Pleistocene but is now mostly
submerged due to Holocene sea levels. The archaeological material studied is from La
Cotte de St. Brelade a site where preserved deposits provide a record of hominin
behaviour from 238-40 thousand years (kya). This site was chosen due to its central
location within the research context and the potential provided by the lithic record,
which amounts to more than c. 95,000 stone artefacts.
This thesis employs a lithic sourcing framework to propose changes in the raw material
acquired by Neanderthals and concludes that differences in climate and environment
affected the presence and absence of certain types of flint through time. It achieves
this by the study of c.500 lithic artefacts from three archaeological layers, Layer E, A
and 5, using a combination of macroscopic, technological and geochemical analysis.
The results indicate the presence of a specific geochemical and macroscopic flint type
dominant in Layer E, a temperate occupation, which becomes less frequent as sea level
falls during cooler Layer A and 5. There is also evidence of flint with a different visual
and elemental profile that is more common in Layer 5. This implies that Neanderthals
at the site used several types of flint, and access was likely affected by the changing
environments of the Continental Shelf. The overall conclusions are important for
understanding more about hominin behaviour in the La Manche area, although they
are limited as modern geological survey was impossible and artefacts could not be
compared directly to sources. In this way the study is unusual as it adopts an artefactcentric methodology where patterns in the data collected are used to infer flint types.
Due to this artefact-centric nature a large lithic assemblage was analysed, this required
the use of non-destructive portable x-ray fluorescence (pXRF), which has clear
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advantages as it does not damage lithics and is portable. The geochemical data
generated successfully permitted the identification of trends in flint use, however
employing pXRF to analyse flint is still in development. Therefore steps were taken to
optimise the analytical process, for example a bespoke calibration was used to improve
the accuracy of the results. Concerns were also encountered regarding flint as it’s
geochemistry is not well understood and a geological case study was performed in
order to establish data for 40 elements using ICP-MS, an accurate and precise
technique. This process revealed that the Upper Cretaceous flint outcrops sampled did
possess unique chemical signatures and provided an important comparison with the
pXRF data. Overall this thesis combines archaeological and scientific data to provide
new information about how Neanderthals were procuring raw material in this
challenging context whilst also considering the technical and theoretical questions
raised when provenancing flint.
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Impact Statement
How can we use terrestrial archives of human behaviour to address now inundated
landscapes that early humans live in? Stone artefacts are the most ubiquitous and well
preserved evidence of behaviour in the Palaeolithic and extensive collections have
been excavated from sites across the world. This research explores how Neanderthals
procured raw material in the Middle Pleistocene of La Manche, which is a
palaeolandscape that is now mostly obscured by Holocene sea level. This is achieved
by using an artefact-centric model to explore patterning in the geochemical,
macroscopic, and visual characteristics of three lithic assemblages from the site. These
groupings or trends are then integrated within a wider informative framework
appraising features, such as the influence of climate and environment on hominin
access to sources. The results of this study are particularly significant as they
demonstrate the successful use of pXRF to provide new data regarding potential source
use by Neanderthals within this framework. This has allowed the author to conclude
that raw material procurement at La Cotte de St. Brelade shifted through time from
MIS 7 - 6 and was effected by the changing environment at the site. It also identified
three potential flint types whose presence fluctuated in the three archaeological layers
analysed. This implies that the Neanderthals at the site visited different sources of flint,
likely based on the composition of the nearby lithic landscape and aspects of group
organisation, such as mobility. The conclusions about these sources and the potential
for sourcing Upper Cretaceous flint more generally were supported by the geological
case study. This work provided the elemental profile for 49 flint nodules collected
from chalk outcrops in the UK, calculated by Inductively Coupled Plasma Mass
Spectrometry. It demonstrated that clear variation exists within flint bodies, indicating
the clear potential for source identification via geochemistry.
The development of a framework in which pXRF can provide useful data is significant;
in general it is viewed as a technique that possesses many theoretical advantages, such
as portability and non-destructive operation, however there are analytical restrictions
that have previously struggled to detect the low proportion of trace elements within
flint. Here these analytical restrictions are tackled by using a bespoke calibration and,
although fewer elements could be quantified less accurately, than the ICP-MS, it
represents an important step in developing a methodology where a non-destructive
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geochemical technique can be used to analyse these large lithic archives. This implies
that the progress made using pXRF in this thesis will have an impact on the wider
sphere of flint provenancing, particularly for sites or areas where the direct sampling
of geological deposits is not possible, or simply where studies will be strengthened by
the analysis of substantial collections of stone artefacts. The geological aspect of this
project also provides a significant contribute to the flint sourcing research sector as it
not only demonstrates that Upper Cretaceous flint possesses unique elemental
signatures that vary geographically but also provides a database of 40 elements present
in flint, quantified in an accurate and precise manner. This will be made open access
and the geological samples retained from this process may be used to create reference
materials for other studies, which is an important step towards transparency,
collaboration, and the responsible reporting of elemental data in archaeological
sourcing. This research also comes at a time when the heritage sector is under
increasing pressure to demonstrate the research impact of archival material and
artefacts such as lithics are often marginalised. The use of different techniques
represents an interdisciplinary approach, which evidences the advantages of
combining geochemical data and behavioural and environmental frameworks. Public
interest in human evolution is high, however again, lithics do not always receive the
attention garnered by genomic data or paleoanthropological finds. Therefore, this
ability to anchor the movement of stone within human landscape enhances the
interpretation of material culture. In this way capturing imagination outside of
academia by adding another dimension to how we discuss lives, decision, and
movements of people in the past.
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Chapter 1. Introducing the Project and Neanderthals in La
Manche
“All archaeology begins with curiosity; and scientific archaeology begins when that
curiosity is harnessed to address a problem in a methodological way” George Odell
(1996, p. 7).

1.1.

Introduction

This chapter contains the main research questions of this PhD, functioning as an
overview and introduction to the topics covered. The information contained is placed
at the front of the thesis to outline the research context, archaeological assemblage,
and the rationale for the chosen methods of analysis. It therefore seeks to familiarise
the reader with the subject matter including a summary of the Neanderthal species, the
archaeological site La Cotte de St. Brelade, and the three lithic assemblages that were
analysed. This chapter also provides some background into flint provenancing, which
is covered in more detail in Chapter 2, and the reasoning behind the choice of the
geological case study (Chapter 5). In this way it presents the structure of the thesis,
firmly detailing why these archaeological questions were posed, their relevance to the
wider Neanderthal research sphere, and how they were explored using archaeometric
techniques. The main research questions of the thesis are summarised below:
-

Can establishing the geochemistry of flint artefacts from La Cotte de St.
Brelade provide previously unknown information about the geological sources
used by hominins in La Manche region during the Middle Pleistocene?

-

Is it possible to achieve this by using the geochemical profiling technique
pXRF purely focusing on the artefacts rather than the inaccessible geological
sources?

-

From a theoretical perspective does the geochemical profile of Upper
Cretaceous flint exist to a degree that geological sources can be identified?

These research questions were designed to evaluate the potential of using a nondestructive sourcing methodology in the complex research context of La Manche,
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where the Neanderthal landscape is almost completely submerged by the Holocene sea
level. It is an important area with a long record of hominin presence and therefore
currently represents a lacuna where the understanding of human behaviour and
movement through the landscape is based on information from preserved terrestrial
sites. Hence the ability to establish where stone was being procured in the much larger
Pleistocene landscape will be key to moving beyond the modern coastal boundaries,
providing insight into Neanderthal behaviour, mobility, and organisational strategies.
This is discussed in detail throughout the thesis and the research context and choice of
methodology are introduced in Chapter 1, Sections 1.2 – 1.8. The choice of nondestructive technology, such as pXRF, is first covered in Section 1.5 and is primarily
based on its theoretical advantages. This is explained in detail but also presents several
challenges, therefore significant attention is given to assessing and developing the
technique in this context. The final research question relates to the geological
properties of flint itself, which is a relatively complicated material to analyse (Section
1.4). This is discussed further in Chapter 2 and is evaluated via the geological case
study in introduced in Chapter 1 (Section 1.7) and presented in full in Chapter 5.
Together these methods of analysis and avenues of investigation are used to address
the research questions and the discussion and results of the research are covered in
Chapter 7. The rest of this chapter will be divided into 10 sections, which further
discuss the research questions, goals, and motivation of this project. The chapter closes
with an outline of what the reader can expect from the organisation of this thesis and
introduces Chapter 2.

1.2.

Introducing Neanderthals and Stone Procurement

In this thesis the term Neanderthal denotes homo Neanderthalensis a type of hominin
closely related to homo Sapiens, they are now physically extinct but modern non SubSaharan African humans have inherited around 2% of their DNA (Green et al. 2010).
Due to this, and other behavioural similarities, here Neanderthals are also sometimes
referred to as humans, this is a personal choice but for clarity the term Anatomically
Modern Humans (AMHs) is used specifically for homo Sapiens. The first Neanderthallike hominin fossils appear in the European archaeological record approximately 430
kya and they persisted in Eurasia until around 40 kya (Arsuaga et al. 2014; Green et
al. 2010; Higham et al. 2014). This time period spans the Middle to Late Pleistocene,
and Neanderthal artefacts are often referred to as Middle Palaeolithic or Mousterian.
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Neanderthals have a similar skeletal structure to AMHs, however possess some cold
adapted features, particularly in their cranial anatomy (Wroe et al. 2018). Historically
this proposed adaptation has linked them to the cooler areas of Europe, but it is now
evident that Neanderthals lived across Eurasia in a range of environments and climates,
for example at high altitudes in Central Iberia and arid basins in Jordan (Beller et al.
2020; Navazo et al. 2008). This variety of habitat is also demonstrated by the presence
of Neanderthal DNA in hominin remains from Denisova Cave in the Altai Mountains
of Mongolia (Prufer et al. 2014; Slon et al. 2018). Despite the extensive distribution
of Middle Pleistocene sites, the group range of Neanderthals is thought to be relatively
small with genetic and isotopic evidence implying that individuals spent their lives
close to where they were born (Henry et al. 2017; Moncel et al. 2019; Richards et al.
2008). This implies a low level of mobility where groups did not move regularly
beyond regions, resulting in long residential occupations and local networks of sites
based on resource needed (Garefalakis et al. 2018). Neanderthal activity therefore
often appears focused close to home-base type sites, possibly due to small group size,
which has been estimated at approximately 8-25 individuals (Conard et al. 2012; Kelly
1995, p. 209-213). Despite this low residential mobility Neanderthal sites are often
located in specific contexts, for example caves, cliffs, or rock shelters, in
topographically complex areas with access to raw material deposits (Burke 2006;
Spikins 2017, p. 135; Tuffreau et al. 1997; Vidal-Cordasco et al. 2017). This implies
a structured use of landscape that included both residential and activity specific
locations, that were sometimes re-visited by different groups over long periods of time
(Daujeard and Moncel 2010; Shaw et al. 2016; Vaquero et al. 2001).
From the recognition of the first fossil in 1856 Neanderthals have had a reputation as
‘not quite human’ and the term is widely used to refer to brutish and unintelligent
behaviour (Spikins et al. 2017, p. 132). In academia this perspective has shifted
markedly since the publication of the Neanderthal genome in 2010 and many current
studies seek to re-evaluate their behaviour without this historical bias in the ‘genomic’
era (French 2019, p. 25). It is now widely accepted that Neanderthals were complex
hominins with a suite of behaviours both similar and different to AMHs. Evidence
suggests that they employed complex hunting strategies that targeted large and
challenging predators and herbivores, such as birds of prey, bear, and woolly
mammoth (Finlayson et al. 2019; Romandini et al. 2018; Scott et al. 2014). Recent
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studies have proposed the use of jewellery and personal ornamentation, which may
imply the existence of social hierarchy via the differentiation of individuals within
groups (Radovčić et al. 2015; Rodríguez-Hidalgo 2019). An insight into Neanderthal
behaviour is also shown by the burial or deliberate internment of the dead (Pettitt 2011;
Pomeroy et al. 2020), and presence of altruistic behaviours, for example care for
individuals with specific health needs (Spikins et al. 2019). Other complex behaviours
that have been recently reported are the manipulation of fire (Sorensen et al. 2018),
the use of wooden and shell tools (Aranguren et al. 2018; Rios-Garaizar et al. 2018),
the presence of the earliest string (Hardy et al. 2020), parietal art (Hoffmann et al.
2018; Rodriguez-Vidal et al. 2014) and the creation of composite technology using
adhesives (Mazza et al. 2006; Niekus et al. 2019).
Prior to their recognition in Neanderthal contexts these features were all thought to be
exclusively linked to AMHs, therefore perceived to require a cognitive capacity
beyond that of Middle Pleistocene hominins. However, now it is evident that
Neanderthals, who lived alongside AMHs in Europe for much longer than previously
thought, were also capable of these types of behaviour (Fewlass et al. 2020; Hublin et
al. 2020). Although this is not a reason to specifically prioritise the study of a species,
this shift in perspective has created a research environment with space to consider new
behaviours in Neanderthal populations; it is therefore a pivotal time to re-evaluate and
consider aspects of how they lived. This was one of the reasons behind the decision
to focus on Middle Pleistocene archaeology in the English Channel, particularly how
and where Neanderthals were acquiring raw material to make tools. Stone artefacts are
ubiquitous across the Neanderthal record and the acquisition of raw material was
interwoven throughout hominin life (Geneste 1992). This makes the reconstruction of
the source of raw material particularly informative for establishing hominin range,
mobility, technological organisation and economic choices both at a group and
landscape level; these concepts are discussed in detail in Chapter 3. Neanderthals
predominantly used flint to make tools but also other raw materials, such as different
types of stone, shell, wood, and bone; implying adaptability and a clear knowledge of
material properties (Soressi et al. 2013; Villa et al. 2020). There are several trends that
are observed regularly in Middle Pleistocene lithic assemblages, for example the
significant representation of stone from the local area, which was transferred from
sources <5km distant (Chapter 3, Section 3.7.1, and references therein). This local
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focus has been used to imply uncomplicated subsistence organisation and the inability
to maintain long distance networks with other groups (Spikins et al. 2017, p.136). This
is an example of how the pre-genomic view of Neanderthals, which cites a lack of
variability, selectivity, and development in the lithic technocomplex, still influences
how procurement patterns are interpreted. Despite this, in light of the changing nature
of Neanderthal research, many studies are now re-focusing on how Neanderthals
transported raw material and the behavioural significance of these transfer distances.
Some of these studies are discussed in the review of known trends in Neanderthal raw
material acquisition strategies, in Section 3.7 of Chapter 3. However, there is a lacuna
of research in the La Manche area, partly due to its complexity as an area that changed
in size and nature throughout the Pleistocene and is now partly submerged. Although
Paul Callow (1986; 1988) presented preliminary thoughts on flint sources in the region
it is evident that modern research a reappraisal of this will bring it in line with other
areas where lithic sourcing appears successful, such as the Iberian Peninsula
(Abrunhosa et al. 2020; Garralda et al. 2014; Ruiz et al. 2020). This research focuses
on the lithic assemblage from La Cotte de St. Brelade, which is discussed in detail in
Chapter 6 (Section 6.2.3) and the wider goals of prehistoric sourcing studies and
interpretive models used by archaeologists are presented in Chapter 3. This appraisal
of what the transfer of raw material means is key to supporting the conclusions of the
archaeological case study and discussion of Neanderthal behaviour in La Manche.
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Figure 1 has been removed due to copyright. It is an example of the Marine Isotope
record for the last 150 kya, including specific numbered stages and the terminology
used to describe them. The original image can be found in the book chapter ‘The
Quaternary Period’ written by Pillans and Gibbard (2012), which is located in the book
‘The Geologic Time Scale’ edited by Gradstein et al. The full reference can be found
in the bibilography of this thesis.

Figure 1: An example of the Marine Isotope Record for the last 150 kya, including specific numbered
stages and the terminology used to describe them (taken from Pillans and Gibbard 2012, p. 989).

1.3.

Raw Material and the Hunters in the English Channel

The key research goal of this PhD thesis is to establish more knowledge about how
raw material moved across the Channel area and what insight this can show into
Neanderthal behaviour in the landscape, which is now submerged and inaccessible.
This location was chosen primarily for two reasons, it was visited and lived in by
Neanderthals throughout the Middle Pleistocene, and there is an extensive lithic
archive available from La Cotte de St. Brelade, an important site that was central to
the area. A renewed focus is also being seen more widely in the archaeological
community on the investigation of submerged or coastal landscapes and a recognition
of how modern terrestrial areas do not reflect past boundaries of range and activity.
The research potential and challenges of studying submerged contexts are introduced
in in Chapter 1 (Section 1.6) and discussed in detail in Chapter 6 (Section 6.3.1), as
they have a notable impact on the methodology adopted. The area that is focused on
in this thesis is towards the Western part of the English Channel, which is henceforth
referred to interchangeably as the Channel, La Manche, and the Normano-Breton Gulf
(see Figures 39 and 40). It is south of the Channel River and contains several Middle
Pleistocene sites, such as Le Rozel, Mont Dol, and La Cotte de St. Brelade, which are
preserved on the coasts of Brittany, Normandy, and the Channel Islands; these sites
are discussed throughout Chapter 6 and highlighted on Figure 41. It is highly likely
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that the archaeological evidence they hold provides a window into Neanderthal
behaviour in a landscape that is now lost, making them extremely significant.
The archaeological collections that were selected for analysis were excavated from La
Cotte de St. Brelade by Professor Charles McBurney of Cambridge University in the
1960-70s (see Callow and Cornford 1986). The site’s excavation history, detailed in
Section 6.2.4, began in the early twentieth century and after several hiatuses continued
again after the McBurney years with a new research team from 2010. The
archaeological deposits span a time period of approximately 238 – 40 kya with the
stratigraphic sequence showing evidence of Neanderthal presence in both cool and
warm periods of the Middle Pleistocene (Callow 1986). It is now located on the
southwest corner of Jersey, the largest Channel Island, but during periods of lowered
sea level it was part of the extended Channel landscape. These changing sea levels
occurred throughout the Pleistocene as water levels fluctuated in response to planetary
warming and cooling and can be subdivided into Marine Isotope Stages (MIS); the
MIS stages relevant to this research are highlighted in Figure 1 (Pillans and Gibbard
2012). The effects of this climate change were particularly pronounced in areas of the
Continental Shelf, such as La Manche, for example a fall in sea level of just 20m
connected Jersey terrestrially to the French coastline (Pope et al 2012).
La Cotte de St. Brelade was once a cave but a roof collapse means it is now a t-shaped
ravine system, it is this rock structure and its elevation above sea level that protected
the extensive archaeological deposits. The excavated assemblage of lithics and faunal
material is one of the largest and most substantial records of Neanderthal behaviour in
northwest Europe and its significant potential has prompted a resurgence of research
in the area. Beginning in 2010 as the Quaternary Archaeology and Environments of
Jersey project (QAEJ) over the past decade it has developed into the La Manche
Prehistory Group, or LaMP (summarised by Pope et al. 2012, 2015). This work
resulted in a re-appraisal of intact unexcavated deposits with archaeological potential
and a new hypothesis about the famous mammoth drive hypothesis, including the
production of bathymetric data in the offshore area (Bates et al. 2013; Scott et al.
2014). The renewed emphasis on a multidisciplinary approach considering both the
use of traditional and scientific techniques to address the offshore context sparked the
initial inspiration for this PhD project. However, it was also made possible by the
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recent completion of a long term archival reorganisation, which ran from 2013-2015
in partnership with Jersey Heritage and AHRC project conducted by Dr Andrew Shaw.
The goal of this collections work was to make the lithic collections excavated by
Professor Charles McBurney accessible for study and resulted in the re-boxing of
94,600 artefacts. The author was part of this project and has been involved in
excavations on Jersey since 2011, this familiarity with the lithic assemblages and
research context was another consideration in the development of the project.
The decision to focus on investigating the source of raw materials used by
Neanderthals at La Cotte de St. Brelade was taken for several reasons; firstly as noted
the lithic archive is extensive and provides a record of hominin behaviour spanning
approximately 14 archaeological levels (Figure 48). This collections amounts to
around 100,000 stone artefacts that are now available to study (Callow and Cornford
1986; Shaw et al. 2016). Secondly the amount of flint used by Neanderthals at the site
is unusual particularly as there are no outcrops on the modern island of Jersey, which
is formed of igneous rock and quaternary sediments (Callow 1986). Therefore it is
clear that the flint used to make lithics was collected in the now submerged landscape
of La Manche, discussed further in Chapter 6 (Section 6.2.5). This was recognised
during the McBurney excavation, where it was noted that a high quantity of non-local
flint was present and importantly that the proportion of flint varied through time. Thus
a fluctuation in the availability of flint in the submerged landscape was suggested and
a connection between the presence of different raw material types and environmental
change was made (McBurney and Callow 1971, p. 200). Further to this Callow (1986)
proposed that the macroscopic variability in the lithic assemblage must correspond to
the use of more than one geological source. This study therefore builds on these
significant questions raised by the 1970s excavators, regarding the location and
accessibility of flint sources in the offshore landscape, which were not further explored
at the time. It does this by developing a lithic sourcing methodology suitable to the
submerged landscape, focused on the artefacts rather than the geology. Sourcing
studies, techniques chosen, and the challenges encountered are introduced below and
the chapter closes with an overview of the archaeological case study.
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1.4.

Sourcing Studies: Theory and Challenges

The key archaeological goals of sourcing were introduced in the first section of
Chapter 1 (Section 1.1) and are discussed in depth in Chapter 3, for example
understanding hominin range, subsistence organisation, resource choice and the
optimisation of economic behaviour; it is evident that they have potential to provide
significant information about how and where hominins lived. This is reflected in the
popularity of studies that attempt to reconstruct the source of stone, which have been
conducted in many different areas and research contexts. A review of the history and
development of provenancing and the range of scientific and observational techniques
that are regularly employed by analysts can be found in Chapter 2. These methods
range from recording qualitative observations, such as macroscopic appearance, to
quantitative techniques that profile features of rock geochemistry or mineralogy.
However, studies that aim to reconstruct the source of all archaeological artefacts are
affected by theoretical considerations based on the definition and characteristics of a
‘source’.
1.4.1. Defining a Source
Firstly it is important to note that ‘provenancing’ and ‘sourcing’ are complex terms,
this is discussed in depth by Frahm (2012c) who notes that ‘provenance’ is also
sometimes used to describe the find spot of an artefact. He prefers the term ‘sourcing’
or ‘source’ as it reflects less uncertainty, although there are also issues with this
terminology. These are discussed by Shackley (1998, p.261) who introduces the
‘Sourcing Myth’, stating that it is impossible to be completely certain of any link
between an artefact or source; instead this process provides the most-likely location of
the original source. These, and other theoretical considerations, are presented in detail
in Chapter 2 (Section 2.6.1) but it is important to note that in this thesis both
‘provenance’ and ‘source’ are used interchangeably to describe the initial location of
the raw material prior to transport by hominins or the author in the case of the modern
geological work. Although the terms are not distinguished here, it is noted that
referring solely to a ‘source’ or ‘source zone’ may be preferable for the future, or as
Frahm (2012c, p. 24) suggests, ‘collection areas’. Beyond terminology there is also a
large body of provenancing theory, which centres around the Provenancing Postulate,
a concept formalised by Weigand et al. (1977). This postulate states that the link
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between an artefact and source can only be created if the variation of the measured
characteristic, for example geochemical elements, is greater between sources than with
a single source (Glascock and Neff 2003b). If sources vary too much or are too similar
it is impossible to recognise the unique signature of that particular source, this means
that comprehensive sampling is important to avoid misidentification (Kooyman 2000).
Understanding variation in sources therefore invaluable to provenancing studies and
this is one of the motivations for the geological case study presented in Chapter 5.
Another key consideration is what this thesis means by ‘source’, the issues of
identifying a source in a submerged landscape are discussed in this introductory
chapter and also in Chapter 6. An important distinction is made between primary and
secondary sources, the former hominins accessed directly from a geological point of
origin whereas the latter may occur as gravels or pebbles that have been moved from
where they initially formed. The difference between these two types of raw material
can be identified macroscopically (Chapter 2, Section 2.8.2) but the unpredictable
aggregation of secondary sources from multiple areas of origin is problematic. Sources
may also have changed in the landscape during different climatic conditions, and there
is a chance that past sources no longer exist, therefore as Luedtke (1979) discusses,
there is a distinct margin for error in sourcing. This is also discussed by Frahm (2012c)
who explores the concept of how a geographical source, available to hominins, relates
to a mathematical source, created by researchers using statistical techniques. The
concept of source and sourcing is pivotal to this study and further discussion can be
found in Chapter 2 (Section 2.6.1), however there are also challenges in provenancing
that are specific to flint itself.
The potential challenges discussed above are particularly relevant to flint
provenancing because as a rock type it presents several specific issues. These are
introduced below but a comprehensive discussion of flint geology and its impact on
sourcing is located in Chapter 2 (Section 2.5 and subsections therein). Firstly flint is
predominantly composed of silica (95-99%), trace elements in quantities of less than
1000 parts per million (ppm), and some microfossils and calcareous inclusions (Brandl
2014). From a geochemical provenancing outlook it is the quantity and ratio of these
non-silicon elements that is used to separate different geological outcrops of flint. This
is particularly relevant for Upper Cretaceous flint in northwest Europe, as it is
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exceptionally elementally pure because it formed far from active coastlines (Chapter
2, Section 2.5). The presence of elements in trace quantities directly impacts the
success of this type of sourcing as they are more difficult to detect using traditional
analytical techniques and require the use of methods which can accurately quantify
elements at these levels that are often more destructive, for example ICP-MS. Other
types of sourcing study also use aspects of flint composition to differentiate between
potential areas of origin, for example the macroscopic appearance, microfossil content,
and microstructure. As noted the presence, absence, and ratio of these features effect
to what extent a source can be defined, in short they must vary in line with the
provenance postulate. Here again flint is problematic, as it forms in-situ within chalk
sediment inclusions of any type will depend on what is present in this formation
environment. As environmental conditions were not constant in depositional basins
the presence, absence, and quantities of these useful differentiating features is
unpredictable and varies geographically. Their preservation throughout flint
diagenesis is also not guaranteed, for example elements can be added or leached, and
microfossils destroyed. The issue of variation is perhaps well illustrated by the contrast
to obsidian provenancing, another tool stone used frequently by hominins. This is
discussed in detail in Chapter 2 (Section 2.12.9.2) but in summary, as obsidian forms
relatively rapidly in discrete locations related to specific volcanic events it is much
easier to identify the individual compositional profile of a source.

1.5.

pXRF as an Analytical Method

In this study the artefacts were analysed using portable x-ray fluorescence (pXRF),
which is a handheld device equipped with miniaturised x-ray fluorescence (XRF)
technology capable of characterising the chemical composition of a range of materials.
The techniques pXRF and XRF are discussed in detail in Chapter 2, Sections 2.12.3
and 2.12.4, but are fundamentally based on how atoms behave when they are subject
to radiation, this is explained visually in Figure 7 (Shackley 2011a). The use of pXRF
for the analysis of archaeological material is becoming increasingly popular due to its
non-destructive, portable, and efficient nature (Eixea et al. 2014; Newlander and Lin
2017; Roldán et al. 2015). In this study pXRF’s potential as a non-destructive tool
made it the most suitable method to integrate into a research design that included large
assemblages of lithics, which could not be damaged. However, the use of pXRF by
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archaeologists faces criticism particularly from the archaeometric community, for
example Shackley (2012) and Speakman and Shackley (2013). Concern is primarily
focused on the generation of accurate, precise, and comparable data, where the user
understands both the method and how well the device performs on the material being
analysed. Although authors, for example Frahm and Doonan (2013) suggest that
archaeologists are becoming increasingly aware of and accounting for these issues.
This debate is presented further in the sections mentioned above and was an important
consideration when selecting and using pXRF for this study. However, the
technological capabilities of pXRF have improved significantly in recent years (see
Brand and Brand 2014) and rigorous steps were taken to report on and maintain data
quality, including the development of a matrix specific calibration for the pXRF device
to improve accuracy (Chapter 4, Section 4.4.2). For this type of artefact based sourcing
study it was imperative to sample responsibly causing minimal destruction and the
limitations of pXRF are noted by the author but also the potential technological
development and contribute to this field.

1.6.

Sourcing in a Submerged Context

Sourcing research traditionally focuses on terrestrial sites where geological outcrops
can be mapped and accessed, for example Central and Southern France (Fernandes
2008; Wilson 2007c). This work has resulted in many comprehensive studies that
suggest the source of artefacts based on physical survey or comparison to a geological
reference collection (see Biro and Dobosi 1991). Evidently this is not possible in the
landscape of La Manche surrounding La Cotte de St. Brelade, as modern sea level has
rendered all geological outcrops inaccessible. From an archaeological perspective the
reason that this site and research context were chosen has already been outlined but
their significant potential is further discussed in Chapter 6, the archaeological case
study. It is also notable that investigating areas of archaeological importance that are
now submerged is becoming increasingly frequent, for example research in Beringia,
Doggerland, Coastal Portugal, Gibraltar, the Red Sea Basin and Sundaland (Bailey et
al. 2007; Bicho and Haws 2008; Coles 2000; Fitch et al. 2007; Hoffecker et al. 2014;
Rodríguez-Vidal et al. 2013; Roebroeks 2014). These drowned regions represent areas
of significant untapped potential as habitation areas or land bridges that were terrestrial
for long periods of time during the Pleistocene. It has also been suggested that areas
close to coastlines were dynamic and offering unique resources and bringing together
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populations promoting cultural interaction (Bailey and Milner 2002/3). Understudied
submerged landscapes therefore represent a lacuna in regional understanding of preHolocene populations and consequently there is a renewed drive to tackle this using a
range of methods (Bynoe et al. 2016; Hosfield 2007; Scott et al. 2014; Shaw et al.
2016).
The Normano-Breton Gulf is one of these lost landscapes, where researchers are
attempting to connect archaeological data from preserved terrestrial sites with activity
that took place in the offshore landscape. The term ‘offshore’ or ‘submerged’
landscape is used frequently in this thesis to refer to area which was available to
Neanderthals that is now inundated. This study was developed as part of these growing
efforts to draw an extra dimension of spatial information from the extensive lithic
collection available. Therefore it, like other projects in coastal areas, presents a series
of unique challenges that required the adoption of an untraditional sourcing method.
The most well accepted sourcing approach is summarised as five clear steps by
Shackley (1998, p. 262); outline the research questions and context, become familiar
with the geological region, identify potential rock sources, choose an analytical
technique/s, and finally ascribe artefacts to sources. In the context of La Manche there
is an issue regarding the direct access to and sampling of geological sources and this
could not be undertaken. Therefore, confidently stating that an artefact is made from
flint that had been moved by Neanderthals from a specific source is not possible and
the sourcing methodology had to be adapted to reflect this. Although this is not an
ideal situation several authors have discussed this provenancing approach, for example
Glascock and Neff (2003) suggest that in areas where sources are either hard to
pinpoint or difficult to sample analysis may focus on artefacts. In this case greater
numbers of artefacts are analysed, and potential sources are then inferred via statistical
pattern recognition within larger datasets (Glascock and Neff 2003, p. 1521). This
artefact based approach is also debated by Orton and Hughes (2013, p. 169) where the
authors conclude that a comparison of artefacts with no known source can be used to
establish whether they belong to the same group, therefore dividing artefacts on a
‘rational basis’. In both these cases it is implied that ‘groups’ of artefacts, may reflect
a shared source or origin.
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It is evident in the literature that these artefact-centric methods are considered when
sampling the local geology is difficult or impossible despite the fact that they cannot
create a direct connection between artefact and source. This type of approach may also
amplify the issues discussed in the earlier part of this section regarding the theoretical
possibility of ‘sourcing’ and the variability of flint sources. However, an artefactcentric methodology was chosen for this study, which is discussed in detail in Chapter
6. Due to this the research question asked is less linear but still seeks to understand the
range and diversity of the different raw materials used based on statistical groupings
in the artefact datasets. Therefore, using relationships between artefacts’ geochemistry
to postulate groups, which reflect the same source or source area. In order to strengthen
this approach the three assemblages analysed were taken from archaeological layers
that date to three separate Neanderthal occupations that took place in different climates
and environments (Chapter 6, Sections 6.4.2 – 6.4.4). At these times the hominins in
La Manche would have had access to different sources based on the relationship
between climate and palaeogeographic change. This enables a clearer picture of
potential source zones and will provide information about the diversity of raw material
sources from one occupation to another. The attribution of source areas is supported
by an in depth literature review, desk based survey, and field work where possible on
the coast of Jersey, this is presented in Chapter 6 (Section 6.3 and subsections therein).
This artefact-centric methodology is also strengthened by the amount of artefacts
analysed (n=535), which was made possible by the use of pXRF analysis.

1.7.

The Geological Case Study

The geological case study presents the analysis of 48 samples of flint raw material
from Upper Cretaceous primary chalk deposits in the UK, one nodule from Jersey, and
one from Denmark (see Chapter 5). The sampling strategy is outlined in Chapter 5,
Section 5.2, and focused on targeting outcrops where nodules could be confidently
assigned to a specific date within the chalk stratigraphy and also in different locations
across geographic areas (Figures 18 and 19). This strategy was adopted to explore how
Upper Cretaceous flint varies geochemically both laterally and vertically in the chalk
facies, which is important in light of the provenancing postulate. To further explore
this multiple samples were taken from one chalk outcrop in order to establish inter-site
variation (Chapter 5, Section 5.6.2). The information from this analysis has a clear
relevance to the archaeological case study, as it sheds light on how flint sources or
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outcrops vary geochemically, which impacts the likelihood of an artefact being linked
to a source. It also provides a useful comparison when discussing the statistically
generated source zones in La Manche (Chapter 6, Section 6.5.5). However, although
the case study focuses on Upper Cretaceous flint, it is not expected that the artefacts
from La Cotte de St. Brelade derived from these UK sources as the site and submerged
Cretaceous sources are much farther from the UK coast than the expected range of
Neanderthal populations (Chapter 1, Section 1.2). Despite this all the chalk in NW
Europe accrued at the same time during the Cretaceous (100-85 mya) and under similar
conditions, therefore the deposits sampled are a useful proxy for the geochemical
composition of flint in the Channel area. The decision was taken not to sample the
Paris Basin flint, as it is also approximately 250km from La Cotte.
The decision to use solution Inductively Coupled Plasma Mass Spectrometry (ICPMS) was based on several factors; firstly it is an extremely accurate and precise
technique that is able to detect elements at quantities as low as parts per billion (ppb),
secondly as the material must be analysed in solution the entire nodule could be
powdered and homogenised providing insight into whole rock geochemistry (Pollard
et al. 2007; Pollard and Heron 2008). These features permitted the creation of a reliable
dataset that addressed the issue of inter-nodule variability whilst also using a sensitive
technique suitable to the low levels of trace elements present in flint. Although ICPMS would have also provided these advantages when analysing artefacts it was not
appropriate to use a destructive technique on the large assemblages. The ICP-MS
process is described in Section 4.3 with the design, sampling procedure, and results of
the case study presented in Chapter 5.

1.8.

The Archaeological Case Study

The research design of the archaeological case study is presented in Section 6.3.1 and
discussed in detail throughout Chapter 6, the reasoning behind the choice of context,
assemblage, and the challenges therein have been outlined in this introduction. The
archaeological case study was designed to answer specific questions about three
assemblages from La Cotte de St. Brelade, Layers E, A and 5, which could then be
used to propose trends in Neanderthal behaviour both in this area and in comparison
to other Middle Pleistocene sites. The hominins at La Cotte de St. Brelade used both
secondary and primary sources of flint from riverine and marine deposits, and areas of
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Cretaceous bedrock (Callow 1986; Shaw et al. 2016; Lefort et al. 2011). Sampling
suggests that secondary deposits are common in the submerged area surrounding
Jersey and Guernsey (see Hommeril 1968) and were likely made available by
downcutting river systems and accumulations in relic and active shorelines (Lefort et
al. 2011; Chapter 6, Section 6.3.4). Callow (1986) identified dark grey to black flint
in the La Cotte de St. Brelade assemblages, which he believed to derive from Upper
Cretaceous chalk, discrete areas of Cretaceous bedrock outcrop in the NormanoBreton Gulf, these are described in Chapter 6 (Section 6.3.2) but comprise of three
main localities between Jersey and Guernsey, and between Guernsey and Alderney
(Figure 43; Table 10). This information was gathered as part of a desk based survey
conducted in place of practical fieldwork, which was impossible due to modern sea
level. This survey aimed to be as exhaustive as possible by using geological maps
(BGS 2000a, 1989), available literature, flint in museum collections, and pedestrian
fieldwork on the Jersey coastlines (Chapter 6, Section 6.3.5). The location of sources
or potential source zones is aided by this insight into existing survey and
palaeoenvironmental data, as noted by McBurney and Callow (1971) the changing
environment of the Normano-Breton Gulf controlled the accessibility of sources, for
example some areas of primary chalk bedrock were inundated during occupations
dated to interglacial periods. This is an important consideration when forming
hypothesis about source use and provides extra information about the geological
landscape available to hominins.
One of the key research goals of this thesis (Chapter 1, Section 1.1) is to establish to
what degree the different sources used by hominins at La Cotte de St. Brelade can be
identified. The identification of sources or possible source areas will then provide
additional information about hominins in the wider landscape and the organisation of
stone procurement. The review of known source information revealed that Cretaceous
bedrock occurred in relatively discrete source areas (Figure 43), which has been noted
as a positive feature when identifying specific sources in the landscape (Earle and
Ericson 1977). Due to the interplay of climate and landscape affecting the sources
available the case study focuses on three Neanderthal occupations that occurred in
different environments and time periods. The lithic assemblages were created by
separate Neanderthal groups who visited the site between MIS 7-6, therefore will also
provide insight into any chronological change within this time frame. A detailed
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discussion of the selection of these assemblages, which derive from Layers E, A and
5 at La Cotte de St. Brelade (Figure 48), is presented in Section 6.4 and subsections
therein. The decision to conduct a geochemical sourcing study is outlined earlier in
this introduction but as noted in the review of relevant literature in Chapter 2, most
successful studies employ more than one technique. Here the artefacts were also
studied macroscopically recording colour, cortex, weathering, and proposed primary
or secondary origin (Chapter 6, Section 6.5.1). The lithics were then analysed with
pXRF and the geochemical data was calibrated and subject to multivariate statistics.
The analytical process and results of the archaeological case study are discussed from
Section 6.5.2 until the end of Chapter 6. The implications of the combined geochemical
and macroscopic study form an important part of this discussion and, as the key
archaeological focus of this thesis, are further considered in Chapter 7. The results are
also considered in light of the behavioural models presented in Chapter 3
demonstrating how sourcing studies can contribute to the understanding of La Cotte
de St. Brelade.

1.9.

Conclusion and Thesis Structure

This introductory chapter aimed to provide the basic outline of the thesis, including
initial information regarding the hominin species and context, reasons behind the
methodological choices made, and possibly challenges incurred by these factors. The
information covered in Sections 1.2 - 1.8 represents a clear introduction to the main
aspects of the project in relation to the research questions outlined in Section 1.1. In
this way Chapter 1 provides a structure to the thesis and demonstrates the
archaeological significance and potential of the methods chosen. The next chapter is
Chapter 2, providing a detailed description of flint geology, distribution, and
composition, which represents an important background for this thesis. It also includes
a review of current and past flint provenancing studies and the analytical techniques
used by researchers. It is located at the beginning of the main body of the thesis because
it provides key reference for the subsequent chapters and information that influenced
the research methodology. Following this Chapter 3 evaluates how reconstructing a
lithic source can be used to discuss hominin behaviour, for example how different
variables may have affected raw material procurement and the effects of aspects, such
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as distance to source and source quality, on subsistence organisation. The thesis then
turns to the methodologies used for analysis, as Chapter 4 explains the sourcing
techniques employed, including the visual and geochemical analysis of the artefacts
and geological samples. Chapter 5 follows containing the geological case study
providing details about the collection strategy, fieldwork, and the results of
geochemical analysis of the nodules. After this the archaeological case study, Chapter
6, is presented, which details the research context, pXRF analysis and results, and
presents these in relation to an evaluation of Neanderthal behaviour in La Manche.
Following this is Chapter 7, which concludes this thesis with a discussion of the
methods, results, and future directions for this project; finally the research questions
are revisited, and the project is evaluated reflexively at the close of Chapter 7.
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Chapter 2. An Introduction to Flint Geology, Geochemistry,
and Provenancing Studies
2.1.

Introduction

Chapter 2 provides an introduction into flint geology, geochemistry, and provenancing
studies, this information is presented directly after the introduction in order to clearly
explain what flint is and how it can be sourced. As outlined in Chapter 1 there are
practical and theoretical challenges to provenancing, some particularly linked to flint
as a raw material. It is important that these are considered prior to discussing the case
studies and methodology as they are addressed and referred to throughout. This review
was also conducted at an early stage in the process of this research and influenced how
the method and practice developed; in particular the selection of geochemical profiling
as a technique and the steps taken to improve on and report data quality. The
information contained in this chapter was imperative in making decisions regarding
the methodology presented in Chapter 4 and also in reviewing the potential successes
and pitfalls that have been encountered in flint provenancing studies. Further to this
understanding the formation, composition, and distribution of Upper Cretaceous flint
is essential to sourcing studies and the potential complexities outlined in this chapter
influenced the development of the geological case study in this thesis (Chapter 5).
Reviewing the geochemical composition of flint was also necessary to assess the
potential of the profiling techniques used in the methodology (Chapter 4) and what to
expect in the results of the geochemical analyses (Chapter 5, Section 5.6.4 and Chapter
6, Section 6.5.3).
Therefore, the following chapter details aspects of flint relevant to this study, the
methods used to establish these, and how this information is applied to archaeological
provenancing. Consequently, the chapter naturally divides into two parts, the first
presents a review of the distribution of flint within Upper Cretaceous chalk, what is
known about the flint formation process, and the current understanding of flint
composition with a focus on geochemistry. The second introduces the history and
theory of flint provenancing studies, the status of current research, and a review of
methods employed to link archaeological flint to its geological source. The chapter
begins by focusing on the distribution, formation, and subsequent geochemical and
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mineralogical composition of flint and in direct association its parent chalk. It details
the extent of Upper Cretaceous chalk in northwest Europe and discusses the three
provinces (UK) and well-established stratigraphic divisions, which allow the flint
sampled in the geological case study to be dated. Establishing where flint forms is key
as studies have demonstrated that the composition of the original host chalk, such as
the presence of detritus or nearby volcanic formations, can influence the flint as it
forms diagenetically. This will be followed with a discussion of the current
understanding of flint formation process, which impacts its structure and
geochemistry.
The first part of the chapter then closes with a section detailing the mineralogical and
geochemical composition of flint, including how elements and minerals may be
distributed throughout the rock matrix as the abundance and distribution of elements
found in flint form the basis of geochemical provenancing studies. Overall this review
compliments the geological case study by providing a clear framework of the
distribution of flint in chalk and supports the geochemical study of the artefacts from
La Cotte de St. Brelade and geological material by collating what is currently known
of flint composition. The second part of Chapter 2 reviews published archaeological
sourcing studies that employ a variety of techniques to determine, such as
geochemistry or presence of microfossils, to source flint and other siliceous stone. This
includes an appraisal of the success of the different techniques employed, providing
an important foundation for understanding the expected challenges of sourcing rock
composed predominantly of silica, and also an insight into how provenancing studies
are generally designed.

2.2.

Definition and Terminology

Flint is a sedimentary rock composed almost entirely of crypto-microcrystalline quartz
in the form of non-clastic silica; it is part of the wider family of chert rocks, often
referred to as silicates, such as porcellanite and radiolarite (Blatt et al. 1980, p. 571).
In Northwest Europe the term flint is generally used specifically to define siliceous
rock deriving from Upper Cretaceous chalk deposits, whereas chert more commonly
describes silica-rich stone deriving from Tertiary limestone or shale (Luedtke 1992,
6). However, geologically both words denote the same type of rock and can be used
interchangeably. Clayton (1984) suggests a more appropriate term for European flint
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would be ‘Cretaceous Nodular Chert’, but due to its dominance in the archaeological
literature and the location of the research context the term flint is used throughout this
study.
Flint is predominantly composed of SiO2 with a crystal structure that fractures in a
conchoidal manner, producing the sharp flakes that made it a key raw material used in
prehistory. It is a marine silicate which formed in chalk deposits laid down during high
sea-levels of the Upper Cretaceous between 100-85 mya and is composed of biogenic
silica related to the remains of aquatic micro-organisms (Bustillo 2010). The location
of flint deposits is dictated by the distribution of chalk and other influential factors in
the formation environment, for example heat, pressure, and the composition of nearby
sediment. The rock generally ranges from light grey to black in colour, depending on
mineral and fossil inclusions, and occurs as nodular, tabular, and burrow form or
thallasinoidean deposits (Figure 2). Nodular and tabular flint have an outer coating
generally referred to as cortex, which is composed of silica and calcite and represents
the transitional surface between flint and chalk.
For clarity the term ‘source’ is used in this thesis to indicate area from which hominins
acquired flint, it is not employed without appreciation that the identification of a
specific source can be nuanced. As a raw material flint was gathered by hominins from
the bedrock where it initially formed, for example at the Lower Palaeolithic site of
Boxgrove, where nodules were accessed at a nearby chalk cliff (Roberts et al. 1997).
This type of source is referred to throughout the text as a primary or autochthonous
source, which denotes the direct removal of flint from its original geological formation
point. It is also more generally employed in the geological case study to discuss the
nodules sampled from chalk sections by the author. Hominins also accessed flint from
secondary or allochthonous sources, for example at Ebbsfleet Neanderthals directly
exploited flint gravels. These terms refer to flint that has been moved from its original
position and aggregated elsewhere in the landscape by environmental processes (Scott
2011). These secondary sources tend to exist in river gravels, glacial erratics, modern
beaches, and ancient or relic beaches relating to past sea-level stands.
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Figure 2: Upper Cretaceous flint in-situ within the chalk facies. Image A shows the Newhaven chalk in
the foreground, which transitions into the Seaford chalk as shown by the iconic Seven Sisters Cliffs.
Flint bands are present in both areas of chalk and forming rhythmically at intervals. Image B provides
a close up of a flint nodule within chalk, this type of flint has not moved from its area of formation and
is called primary or autochthonous source.
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2.3.

Flint Distribution in chalk

2.3.1. Chalk Deposition
Flint formed in situ within deposits of chalk that were laid down from the Cenomanian
period of the Upper Cretaceous (100-65 mya) when the break-up of the
supercontinents Gondwana land and Laurasia led to the transgression of the Tethys
Ocean into Northwest Europe (Bustillo 2010; Grunau 1965; Masse et al. 1995, p. 215;
Mortimore et al. 2001c, p. 3). This created an extensive deep shelf sea where warm,
still waters encouraged the proliferation of aquatic micro-organisms, for example
calcareous nannoplankton (Mortimore et al. 2001c, p. 10). On their death the inorganic
remains of these creatures accumulated in large numbers on the sea bed, eventually
consolidating to form chalk bedrock at depths between 100-500 metres (Mortimore et
al. 2001c, p. 9). Upper Cretaceous chalk is therefore classed as a biogenic limestone
composed of coccoliths, calcite microfossils, calcispheres and foraminifera
(Mortimore et al. 2001c, p. 10). The distribution of chalk directly reflects the extent of
the Cretaceous sea; in northwest Europe, it remains preserved in deposits across three
provinces in Britain (Northern, Transitional and Southern section; Figure 3),
submerged areas of the English Channel and North Sea, the Paris Basin, Northern
Germany and Eastern Scandinavia (Figure 4). The Upper Cretaceous chalk is generally
divided into two wider provinces based on biostratigraphic data, the northern Boreal
Realm and southern Tethyan Realm (Mortimore et al. 2001c, p. 6). chalk deposition
halted at the end of the Maastrichtian period as global sea-levels fell approximately 65
mya (Masse et al. 1995, p. 230).
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Figure 3: The distribution of the three Upper Cretaceous geological provinces in the UK, the Southern,
Transitional and Northern. The area of chalk known as the Western Marginal Facies is also highlighted,
which is located towards the boundaries of chalk deposition (Figure adapted from information in
Mitchell 2018, p. 2).

42

Figure 4: The extent of chalk deposition during the Upper Cretaceous is highlighted alongside the
general depositional basins. This area represents the area in which flint can be found in chalk and reflects
the margins of the Tethyan Ocean. The distribution of structural depression or ‘troughs’ are also noted.
The southern and northern province chalk areas of the UK are highlighted, these are shown in more
detail in Figure 3 (Figure adapted from Mortimore 2014, p. x).
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2.3.2. Chalk Stratigraphy
The deposition of Chalk was not constant and occurred in rhythmic cycles related to
paleoenvironmental conditions, for example the widespread tectonic activity that took
place during the Late Cretaceous (Mortimore et al. 2001c, p. 7). These changes to
depositional environment resulted in bedding within chalk producing chalk-marl
rhythms and hardgrounds that indicate breaks in sedimentation (Hancock 1975; Wray
and Gale 2006). It also prompted variation through time within chalk facies, for
example the observed decline in non-carbonate detrital minerals. These features were
used to produce a framework of chalk stratigraphy, which could be used to identify
chalk bodies and correlate between them. Flint is present in chalk from the
Cenomanian period onwards in relation to the white chalk subgroup, its formation was
controlled by cycles of chalk deposition and palaeo oceanic conditions. The type of
flint present and its frequency varies in different chalk formations and geographic
areas, linked to diagenetic conditions (Wray and Gale 2006). A flint maximum
occurred during the Turonian, which created a distinctive flint bed that can be traced
across the English Channel. Other flint bands, such as Bedwell’s Columnar and
Whitaker’s 3 Inch, occur across regions and are useful for determining the age and
type of chalk on a regional basis (Schmid 1986).
In the early twentieth century the Upper Cretaceous chalk was separated into three
separate units, the lower, middle and upper chalk (Jukes-Brown and Hill 1903). After
these differentiations were made chalk was predominantly studied from a
biostratigraphical perspective and it was not until the 1970-80s that these units were
revisited and subdivided into nine formations based on their lithology (Mortimore
1986). This chalk framework was further developed and became formalised in the UK
in 1999 by the British Geological Survey and the Geological Society Stratigraphic
Commission (Rawson et al. 2001). The new members defined in the Upper Cretaceous
chalk relate to lithological characteristics, for example hardness, colour, fracture
mechanics and the presence of marker beds (Mortimore 2014, p. 2-3; Wray and Gale
2006). Distinct bodies of chalk were also defined based on the occurrence of specific
fauna preserved in micro and macrofossil assemblages, for example the transition of
the echinoids Micraster cortestudinarium and Micraster coranguinum indicates the
Coniacian-Santonian Boundary (Figure 4). The presence of specific flint bands was
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also used to differentiate between chalk units, such as the association of the Seven
Sisters flint band with the Coniacian (Figure 5).
2.3.3. The Chalk Provinces in the UK
The chalk in the UK is divided into three main provinces; the Southern Province,
which links the UK to France; the Northern Province, associated with the Northern
Boreal Realm and the Transitional Province, located between the two (Figure 3). The
provinces are separated based on the different biostratigraphic content of chalk, which
is linked to the conditions that were present in the Tethyan Sea; in particular evidence
of migratory fauna, such as belemnites (Mortimore et al. 2001c, p.7). The Northern
and Southern province also have distinct characteristics, related to the
palaeoenvironmental conditions during chalk deposition and formation, whereas the
Transition Province presents intermediary features. There is also a difference in the
stratigraphic distribution of flint and its characteristics across all three provinces
(Mortimore and Wood 1986).
2.3.3.1. Southern Province

The Southern Province chalk is part of the Anglo-Paris Basin and is associated with
the Tethyan faunal realm, linking the UK south-eastwards to France (Mortimore and
Wood 1986; Mortimore et al. 2001c, p. 7). It is divided stratigraphically into nine chalk
formations using the South Downs Scheme, as defined by Mortimore (1986) and
Mortimore (1988) These stratigraphic divisions are demonstrated in Figure 5, which
provides the most recent Southern Province framework. The chalk is generally soft
and massive with a high diversity of macrofossils, which form the base of the
traditional fossil zonal scheme (Mortimore 2014; Mortimore and Wood 1986). The
Southern Province chalk is uniform across a large area; however, it is intersected by
hardgrounds, marl seams, and bands of flint (Mortimore and Wood 1986; Wray and
Gale 2006). Lateral variation exists within the chalk, for example the hardground
deposits in Wiltshire and Berkshire, which contain an above average fossil content
(Mortimore et al.2001c, p. 7). Sub-provinces also exist towards the margins of chalk
deposition, for example in southeast Devon and the shelf areas of southwest England
(Mortimore et al.2001c, p. 7). Flint occurs in the southern province from the Turonian
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- Upper Campanian and is characterised by dark grey to black nodular flint, often
described as burrow-form (Mortimore 2014; Mortimore and Wood 1986).

Figure 5: The traditional stratigraphy used to determine different aged deposits within the Southern and
Northern Cretaceous Provinces, the Transitional Province uses the Southern framework. The Southern
Province is illustrated using the definitions of Bristow et al. (1997), whereas the Northern Province
stratigraphy was defined by Wood and Smith (1978) (Figure adapted from Mortimore 2014, p. 60).
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2.3.3.2. Northern Province

The Northern Province is associated with the northern Boreal Realm, linking it more
closely to eastern chalk deposits of Germany and Poland (Mortimore et al. 2001c, p.
7; Wood and Smith 1978). It was first discussed as a separate province Wood and
Smith (1978), who also presented an outline of the northern lithostratigraphy. The term
refers to the areas of chalk found in north Norfolk, Lincolnshire, Yorkshire and
Holderness; which are divided stratigraphically into six formations (Mitchell 2018;
Figure 5). Northern Province chalk formed at greater depths than the Southern
Province and its deposition was affected by local tectonic action (Mitchell 2018, p. 10;
Mortimore et al. 2001c). The resulting chalk facies are composed of hard well bedded
chalk, with little or no breaks in sedimentation (Mortimore and Wood 1986).
Similarity with chalk to the east of the wider depositional basin is also observed in the
northern macrofossil assemblage, which is composed of brachiopods, echinoids and
inoceramids; it is also less diverse than southern province fauna (Mortimore and Wood
1986). Two of the northern formations contain flint deposits, the Welton and Burnham,
these flints are both nodular and tabular in form and are usually light grey in colour
(Mitchell 2018; Mortimore 2014, p. 5; Mortimore and Wood 1986). The flint bearing
Welton Formation dates from the mid late Cenomanian to the Cenomanian Turonian
boundary and is split into three stratigraphic units it predominantly contains nodular
flint but also semi tabular ferruginous flint (Mitchell 2000). The Burnham Formation
dates approximately from the late Turonian to the early middle Santonian, it consists
of four units of flint-bearing hard white chalk, with distinctive tabular flint in the lower
to middle sections that becomes nodular towards the younger deposits (Mitchell
2018).
2.3.3.3. The Transitional Province

The Transitional Province refers to an area of chalk that exists between the Northern
and Southern Provinces in the UK; it includes the Vale of Pewsey, Berkshire Downs,
Chiltern Hills and East Anglia (Mortimore et al. 2001c, p. 297; Figure 3). The
Transitional Province chalk displays features of both the Northern and Southern
Provinces, for example fauna and flint type, depending on its geographical position
(Mortimore and Wood 1986; Mortimore et al. 2001c). This is seen in the Brandon
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Series flint of northern East Anglia, which shares characteristics with both southern
nodular flint and northern tabular flint (Mortimore et al. 2001c, p. 307). The chalk
deposits are laterally continuous across the Transitional Province, however due to
localised erosion and tectonic action in places the full chalk sequence is not preserved
(Mortimore et al. 2001c, p. 298; Woods and Chacksfield 2012). Despite these
inconsistencies the Transitional Province is subdivided by the Southern Province
lithostratigraphic framework (Bristow et al. 1997; Rawson et al. 2001). It has been
suggested by Wood and Chacksfield (2012) that the Transitional Province is the least
researched province in the field of chalk stratigraphy; in East Anglia this may relate to
the lack of exposed chalk sections, with investigation requiring the creation of bore
holes (Gallois 2016). A full review of the Transitional Province lithostratigraphy is
presented in Mortimore et al. (2001c, p. 297-315), which reiterates that this area of
chalk represents a gradual shift between the Northern and Southern Provinces.

2.4.

Flint Formation

The exact process of flint formation has been debated since the late nineteenth century
with early theories suggesting it resulted from the precipitation of silica gels that
accumulated on the seabed (Tarr 1917). However, it is now widely accepted that
marine silicates form via the direct silicification of carbonate rocks by silica minerals
in a process called diagenesis (Bustillo 2010; Clayton 1984; Madsen and Stemmerik
2010; Micheelsen 1966). This process results the pseudomorphic transformation
where the host sediment is directly replaced as silica precipitation results in calcite
dissolution, at times preserving aspects of the original sedimentary environment, such
as bryozoa and shells (Bustillo 2010; Hein and Parrish 1987). This process takes place
approximately 5-10 metres below surface of the chalk and can be associated with
voids, for example burrow structures or sedimentary faults (Bromley and Ekdale
1984).
Formation occurs in three mineralogical stages corresponding to the transition of
amorphous opal-A, to disordered opal with cristobalite and tridymite (opal-CT), and
finally to euhedral alpha-quartz (α-quartz) (Madsen and Stemmerik 2010; Thiry et al.
2014). This process requires a super saturation of silica in the local environment at
approximately 6mg per cubic decimetre, as the natural silica content of sea water is
<1ppm this indicates the requirement of an additional SiO2 source (Blatt et al. 1980;
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Boggs and Boggs 2009; Bustillo 2010). It is likely that this silica was made available
from the dissolution of bioclastic remains, such as radiolaria, diatom frustules, and
sponge spicules that became incorporated into the sea floor sediment (Blatt et al. 1980;
Lindgreen and Jakobsen 2012; Luedtke 1992, p. 29). Volcanic activity may have also
affected the process by providing additional SiO2 in hydrothermal areas by
contributing to the acidification of the sea water, which catalysed the breakdown of
bioclasts (Brandl et al. 2018). Increasing heat and pressure during sedimentation acted
on the accumulated silica, in the form of opal-A, further contributing to its dissolution
and the creation of silica rich pore water (Madsen and Stemmerik 2010).
Once a suitable saturation of dissolved silica has been reached within the deposit it is
able to reprecipitate based on several environmental factors, such as temperature, pH,
salinity of pore water, presence of organic matter and the composition of nearby
sediment (Brandl et al. 2014; Bustillo 2010; Murray 1994). Re-precipitation generally
occurs in conditions with a pH around 9 and a rock porosity of 75-85% (Bustillo 2010;
Clayton 1984). It is also influenced by flocculation agents, for example the colloidal
properties of opal-A and the presence of compounds, such as MgO, which act as nuclei
for the crystallisation of opal-CT (Boggs and Boggs 2009; Brandl et al. 2018;
Lindgreen and Jakobsen 2012). Although the role of organic matter in this process is
not well understood Luedtke (1992, p. 29) suggests that remnants of carbon-based
matter preserved in burrow structures also influenced the transition between opal-A to
opal-CT.
Clayton (1986) proposed that the degradation of organic matter directly affected silica
re-precipitation as decomposition reduced oxygen in the surrounding sediment
creating a redox interface where oxic and anoxic conditions existed adjacent to one
another. If an excess of organic matter occurred in the anoxic area this resulted in the
release of hydrogen sulphide that then migrated in pore waters to the oxic area,
releasing hydrogen ions that reduced the local pH effectively dissolving CaCO3 of the
chalk, allowing silica to precipitate (Clayton 1986). The final stage of formation rests
in the transformation of opal-CT to stable alpha quartz, forming the flint matrix, all
three stages of the transformation process are reflected mineralogically within flint
(Madsen and Stemmerik 2010).
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2.5.

Flint Geochemistry

2.5.1. Mineralogical Composition of the Parent chalk
As flint forms in-situ within chalk the elemental composition of the parent sediment
directly influences its geochemical signature. The majority of chalk in northwest
Europe is very pure, composed of over 98% CaCO3 (Hancock 1975; Mortimore et al.
2001c, p. 12). However, chalk also contains authigenic phyllosilicate minerals relating
to its clay content, for example illite, montmorillionite, and glauconite (Cope 2006;
Hancock 1975). Small quantities of magnesium are also present in chalk, deriving from
low magnesium calcite, iron sulphide and pyrite (Cloud 1962; Hancock 1975). The
relative purity of Upper Cretaceous chalk is linked to its deposition far from the active
coastlines of the Tethys Ocean where there was little chance of contributing detritus
from the erosion of terrestrial rock (Cope 2006; Gale et al. 2000; Sieveking 1972). The
proportion of detrital material in chalk decreased gradually during the Upper
Cretaceous with increased distance from land, and the prevailing arid climatic
conditions from the Cenomanian onwards (Gale et al. 2000). At the time of flint
formation (Coniacian-Campanian) detrital material in British chalk accounted for less
than 1% of the sediment (Hancock 1975).
The composition of chalk was also influenced by the proximity of the sedimentary
formation basin to volcanic activity associated with tectonic boundaries or ridge
environments; as geochemical analysis has demonstrated marl seams are related to
volcanic events (Wray and Gale 1993). This indicates that regional geochemical
variation occurred in chalk deposits, particularly in relation to the depositional
boundaries and local environmental features. However, it has been suggested that
detrital elements were distributed consistently across lateral deposits of chalk in the
form of wind-blown sediments (Bush and Sieveking 1986) and that variation in noncarbonate elements may be more pronounced vertically than laterally due to change in
basin conditions occurring over time (Cowell 1981; Sieveking 1972).
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2.5.2. Mineralogical Composition
Flint structure is composed predominantly of microcrystalline quartz in the form of
SiO2, these quartz grains are randomly oriented with each flint grain formed of quartz
stacked in anhedral plates, interstitial pore spaces exist between these anhedral plates
(Boggs and Boggs 2009; Brandl et al. 2014; Luedtke 1992). Alpha quartz (α-quartz)
is the dominant mineral in flint however other silica polymorphs are observed for
example, chalcedony, lutecite, moganite, amorphous silica (opal-A), and disordered
cristobalite and tridymite (opal-CT) (Morgenstein 2006; Pretola 2001). Detrital
minerals may also occur alongside quartz, for example carbonates, iron oxides, and
iron hydroxides (Olivares et al. 2009; Sitarz et al. 2014). Flint can also contain the
mineralised structures of fossilised aquatic micro-organisms, such as the preserved
inorganic remains of nannofossils, microfossils and macrofossils (Morgenstein 2006).
These fossils become part of the rock as their original carbonate is replaced by quartz,
usually in the form of the silica polymorph lutecite, a type of length slow chalcedony
(Graetsch and Grünberg 2012; Madsen and Stemmerik 2010). A similar process occurs
with voids in the original flint structure, which gradually infill with chalcedony or
mega-micro crystalline quartz; often appearing as light grey amorphous areas (Longo
and Giunti 2010; Madsen and Stemmerik 2010; Morgenstein 2006). The replacement
of fossils and organic material can also results in the presence of iron related minerals,
for example goethite and pyrite, which occur in association with the interaction of
bacteria and organic matter (Morgenstein 2006; Schieber 2002).
2.5.3. Elemental Composition of Upper Cretaceous Flint
The geochemistry of silicates is not widely studied, this is due to analytical challenges
presented by the high proportion of SiO2 and the proposed variation in the distribution
of elements in the rock structure (Clayton 1986). Silicate rock is generally composed
of between 95-98% SiO2, however Upper Cretaceous flint can contain >99% SiO2 due
to its association with very pure chalk (Chapter 2, Section 2.5.1). Non-silica elements
are present as trace elements (<1000 ppm) and rare earth elements (REEs), with their
proportions depending on the contribution of chemical and detrital impurities related
to the chalk formation environment (Bush and Sieveking 1986; Luedtke 1992, p. 36;
Moroni and Petrelli 2005; Murray 1994, p. 36; Schmid 1986). It has been observed
that generally trace elements occur in flint at quantities <500 ppm, apart from Ca,
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which can occur >1000 ppm (Brandl 2014; Boggs 2009; Table 1). The trace elements
present in Upper Cretaceous flint derive from clay minerals, iron minerals, calcite,
carbonates, fossil inclusions and organic matter but can also be linked to nearby
volcanic or hydrothermal events, which particularly influence the presence of
transition metals (Boggs and Boggs 2009; Cressman 1962; Morgenstein 2006; Table
2).
The non-silica elements present in flint relate directly to aspects of its formation and
depositional environment and are present as authigenic minerals, mineral grains, and
in interstitial areas. Their inclusion in the rock is influenced by aspects of its
mineralogical structure, for example elements may adhere to the exterior plates of the
individual quartz grains or occur in interstitial void spaces between them (Brandl 2014;
Clayton 1984). Elements in the form of positively charged ions can also substitute
individual silica molecules, for example Cressman (1962) observed the replacement
of Si4+ by Al3+ ions in tridymite, which is present when opal-CT is retained in the flint
microstructure. This substitution process can only take place with non-silica elements
that have a similar ionic radius and charge to silica molecules (Brandl 2014). The
composition of the interstitial pore water may also contain non-silica elements,
depending on the environment of deposition (Clayton 1984). It appears that variation
in microstructure, for example the retention of opal-CT influences flint geochemistry,
this is also seen in the association of chalcedony with ferrous elements (Cressman
1962).
The presence of trace elements in flint can be linked to different processes, these are
summarised in Table 2, which is adapted from Jones and Murchey (1986) who divide
contributing agents into four major groups biogenic, terrigenous detritus, hydrogenous
and hydrothermal. The most frequently reported trace elements in flint are Al, Ca, Fe,
K, Mg Mn, and Na, and appear to be related to detrital clay minerals, for example the
association of Fe with glauconite and Al and K with illite and montmorillite (Boggs
1987; Boggs 2009; Clayton 1984; Rockman 1993; Sieveking et al. 1972). Clayton
(1984) suggests that the presence of Na can be linked to the salinity of interstitial pore
water associated with the marine formation environment. The significance of Ca as a
non-silica element is related to the proportion of non-silicified fossil inclusions within
flint microstructure, which effects the proportion of calcite (Fiers et al. 2018; Longo
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and Giunti 2010). It has been suggested that the amount of organic matter in the
depositional environment affects elements Cu, Mo, Ni, Pb and V, whilst also providing
Fe and S in the form of iron sulphides (Clayton 1984; Cressman 1962). The presence
of this organic matter varies and may be linked to the frequent association of flint
formation and burrow structures in the chalk or derive from the remains of siliceous
sponges (Clayton 1984; Vinogradov 1953).
The presence of these elements is also dependent on diagenetic change during
formation and subsequent weathering of the rock, suggesting those that are more
chemically stable, for example the REEs, are more likely to be retained from the
formation environment (Eker et al. 2012; Moroni and Petrelli 2005). The distribution
of these elements in flint is directly influenced by the geochemical composition of
Upper Cretaceous chalk. As detrital or non-carbonate elements in chalk derive from
environmental factors, which vary depending on the conditions of the sedimentary
basin, their presence or absence is not predictable. This is particularly well
demonstrated by the unpredictable nature of organic contribution, for example animal
burrows do not occur at a regular intervals. This can result in flint displaying
particularly high or low levels of elemental variation in trace elements inherited from
the parent chalk (Aspinall and Feather 1972; Cackler 1999; Gurova et al. 2016).
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Table 1: Published concentrations of flint based on a review of sourcing studies that analysed Upper Cretaceous flint (Based on ppm data from Craddock et al. 1983; Craddock
et al. 2012; Craddock and Cowell 2009; Hughes et al. 1976; Hughes et al. 2010; Sieveking et al. 1972; Thompson et al. 1986).
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Table 2: This table places elements based
into the divisions suggested by Jones and
Murchey (1986), with the addition of a
general detrital section subdivided into those
linked to clay, carbonates, and organics. The
relationships
between
elements
and
processes was compiled from several studies
concerned with flint geochemistry (Boggs
2009; Gurova et al. 2016; Hughes et al. 2012;
Luedtke 1992; Murray 1994; Sieveking et al.
1972). The data demonstrates that the
majority of elements with known or proposed
specific origins are those related to clay and
metals.
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2.6.

Provenancing Flint Artefacts

2.6.1. Theoretical Considerations
Studies designed to reconstruct the source of archaeologically significant flint are
becoming increasingly popular, however they are bound with theoretical difficulties
that influence the way research is conducted and the terminology that is used.
Determining the source or provenance are terms, which refer to establishing the
geological point of origin the raw material used to make an artefact was accessed from.
Provenancing theory was initially discussed in the early 1970s (Bieber et al. 1976;
Harbottle 1976; Perlman and Asaro 1969; Sayre et al. 1971), this led to the
establishment of the provenance postulate by Weigand et al. (1977), which states that
in order to create this link between artefact and source the difference in composition
between sources must be greater than the variation present within a single source
(Glascock and Neff 2003a). In other words, if variation within a defined source is too
high it will not have an overall signature, whether that be macroscopic, mineraological
or geochemical, thus making it impossible to match artefact and source. To have the
best chance of understanding variation within sources comprehensive sampling is
essential to locate sources and avoid misidentification of artefacts (Kooyman 2000).
Lack of fully representative sampling can render provenancing untenable as artefacts
and sources are not matched (Luedtke 1979).
There are also issues with the term ‘provenancing’ or ‘sourcing’, which are introduced
in Section 1.4 and 1.4.1. Shackley (1998) discusses the ‘sourcing myth’ surrounding
provenancing studies, critiquing the suggestion that an artefact can be linked, without
doubt, back to its point of geological origin. Instead provenancing provides a
characteristic signature, which suggests a best-fit location that can be recognised from
a series of sources, bearing in mind that not all sources are known (Shackley 1998).
This critical perspective is also shared by Luedtke (1979) who states that ascribing a
fingerprint, for example a compositional profile, of an artefact is not a useful analogy
as no two sources will have an exact match. Moreover, similarities within flint, such
as shared visual characteristics, may not necessarily suggest geographic proximity and
sourcing decisions must be taken in context with geological survey of the study area
(Hughes et al. 2012). Overall the geographic extent and geological context of silicate
sources is key in the success of provenancing studies (Glascock and Neff 2003a).
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The idea of a ‘source’ itself is problematic. As mentioned earlier in Section 2.2, a
source refers to a location where flint can be obtained, either a primary bedrock outcrop
or secondary deposit. However, in the literature, there is no widely accepted definition
of a source, for example whether the definition is made based upon a distinct
geographical flint formation, a deposit of flint with shared geochemical characteristics,
similar aged group of flint, shared colour and texture, or a combination of the above.
Additionally, defining a ‘source’ based on observations of a modern flint outcrop may
neglect to account for availability of the outcrop in the past, for example sediment
erosion and deposition can dramatically affect outcrops within a landscape. Often a
source is linked to a geochemical group rather than an exact location, therefore it
represents mathematical rather than physical source, from which it can further be
assigned a likely geographical location using information about the local geology of
the relevant region. This difficulties surrounding the concept of a ‘source’ are
summarised well by Frahm (2012c), who discusses the variety of different geological
settings that can be classed as sources and theoretical issues incurred. Frahm (2012c)
also provides a useful example of an obsidian flow, which may have provided different
physical sources accessed by hominins but presents as a single source via geochemical
analysis or conversely data may identify multiple sources within this flow. In this way
the mathematical concept of source does reflect the way in which humans were using
the source, therefore its archaeological application is limited. These concepts are also
discussed in Chapter 1 and Section 2.12.9, specifically in relation to flint. In this thesis
‘sourcing’ and ‘provenancing’ are used interchangeably, with an understanding of
these caveats, and are also discussed in Chapter 1 (Sections 1.4 – 1.4.1) and defined in
the terminology (Section 2.3).
2.6.2. The History of Flint Provenancing
Although the geological origin and properties of flint have been discussed since the
late nineteenth century, it wasn’t until the 1940s that it was studied in a laboratory
setting. This was prompted by the importance of quartz for industrial purposes during
World War 2, which led to the development of multiple government research programs
(Glascock et al. 2007; Luedtke 1992, p. 18). In fact, the use of Neutron Activation
Analysis (INAA) for archaeological provenancing was first proposed by Robert
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Oppenheimer in 1954 (Glascock and Neff 2003a). These advances in scientific
analysis built on previous studies that determined sources based on visual
characteristics, enhancing the ability to link artefacts to source. Research into the
scientific study of flint was brought together in 1969 with the creation of the
International Flint Symposium, initially held in Maastricht. This heralded a shift
towards multidisciplinary studies that combined archaeological and geological
knowledge. The fourth meeting of this Symposium, at Brighton Polytechnic in 1983,
presented a previously unparalleled summary of European Cretaceous flint, including
aspects of its formation and geochemistry. Large research programs focused on
understanding the geochemistry of flint were active in the 1970-80s in both the UK, at
the British Museum and Imperial College London, and the United States, in particular
at the University of Missouri. This spike in flint research coincided with the results
from the Deep Sea Drilling Project, running from 1968-93, which provided insight into
contemporary flint formation (Luedtke 1992, p. 18). However, closures of laboratories
and research programs gradually reduced the focus on flint sourcing studies, creating
a lacuna that starkly contrasted rapid development in other branches of lithic artefact
studies, for example the development of morphometric analysis. Intrinsic difficulties
with both the geological nature of flint and the balance between destructive and nondestructive analysis also affected this.

2.7.

Sourcing Study Foundations

Methods of analysis used in sourcing studies can be qualitative or quantative.
Qualitative studies focus on perceived characteristics of the rock, for example
macroscopic similarities; they are based around observation, using scientific method
to gather non-numerical data. The advantage of qualitative research is that it is often
cheaper, quicker, and works well in areas where researchers are intimate with both
geology and archaeology. However qualitative research is fundamentally subjective
and can prove difficult to compare with wider studies. Quantative studies use objective
measurements taken from statistical and mathematical analysis of data; this type of
research is growing in popularity but there are analytical issues, particularly comparing
data between different studies. semi-quantative analysis bridges the two, and
quantative studies are usually informed using a sound qualitative base, such as initial
visual analysis.
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The preliminary stage of most sourcing studies is a comprehensive geological review
of the area in question. Including what silicates are present and whether they can be
ascribed a geological age using existing literature. This information is combined with
known areas where flint is accessible, for example primary outcrops in chalk cliffs, or
secondary gravels transported by environmental processes. Thus, aiming to create a
basic proxy for what types of silicates would have been available to past populations.
Sources are usually identified by pedestrian survey using geological maps, this initial
investigation can identify the approximate age of nearby carbonate rock, for example
Tertiary or Cretaceous. Many of the most successful sourcing projects focus on areas
with an existing tradition of raw material recording and prospecting, for example the
Vaucluse region of France (Wilson 2007a, 2007b). In some areas, researchers have
produced large geological reference referred to as ‘Lithothecas’, for example Ireland
(Driscoll et al. 2016), Hungary (Biró 2008; Biró and Dobosi 1991), the Massif Central
(Fernandes et al. 2007; Surmely et al. 2008), Southern France (Wilson 2007c), and
European flint (Sánchez et al. 2014). The Lithothecas provide key support for
provenancing studies, minimising repetitive collecting for future researchers and
allowing for optimum analysis time.

2.8.

Macroscopic Analysis

Visual or macroscopic analysis is a widely used traditional method of analysing both
geological and archaeological flint, it is regularly employed in the initial steps of
sourcing studies as a rapid, inexpensive and non-destructive technique (Brandl 2010;
Bustillo et al. 2009; Costopoulos 2003; Ekshtain et al. 2014; Hassler et al. 2013; Parish
2011). The macroscopic qualities of flint can be linked to characteristics of its
formation environment making its visual appearance useful for differentiating between
different geological sources (Mauger 1984). Analyses generally record observations
of flint colour, texture, cortex, evidence of weathering or patina, and other types of
inclusion, such as calcareous or silicified fossils. However, specifying a source based
purely on visual attributes raises several issues, for example unrelated sources may
look similar or individual outcrops display a high degree of visual variation (Andreeva
et al. 2014; Luedtke 1978b, 1979; Newlander and Lin 2017). This implies that
macroscopic analysis is more effective in areas where flint occurs in discrete visually
distinct outcrops rather than heterogenous or extensive homogenous deposits.
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Observed characteristics, particularly flint colour, can also relate to post depositional
processes including weathering and patina (Cackler 1999). These factors result in
errors when estimating the geological variability in an assemblage and can cause the
analyst to designate flint groups that appear similar but are geologically unrelated
(Milne et al. 2009; Moholy-Nagy 1990). Luedtke (1979) suggests that the accuracy of
visual identification lies both in the skill and experience of the analyst and their
knowledge of the geological landscape. Due to these concerns, visual analysis often
forms the primary stage of a combined methodology, where it is supplemented by
another technique/s, for example geochemical or petrographic (Brandl 2010; Bustillo
et al. 2009; Milne et al. 2009).
Methodological criticisms of visual analysis focus on its subjectivity resulting from a
lack of standardisation of terminology and description, making regional macroscopic
studies difficult to compare more widely (Bressy 2002; Bustillo et al. 2009; Crandell
2005; Hoard 1993; Morgenstein 2006). Crandell (2005) proposes the adoption of a
more consistent macroscopic recording policy, which includes the use of a Munsell
Colour Chart to provide more accurate descriptions of colour, including hue, value and
chroma. A further potential addition to macroscopic analysis is quantative colorimetry,
which is commonly employed in heritage science (see Lorusso et al. 2007) and has
been used in archaeological studies of pigment and patina (Bedarnik 2009; d’Errico et
al. 2012). This technique provides numerical representation of colour within a sample
area using a spectrophotometer, which calculates the quantative comparison of tint,
saturation and brightness (Lorusso et al. 2007).
2.8.1. Patina and Weathering
In order for flint colour to be used to suggest original source it must reflect the
geological formation environment rather than post depositional factors where the
surface is affected, for example weathering or burning (Luedtke 1978a). Weathering
to flint can cause the formation of a patina, or alteration to the surface, which is linked
to the dissolution and re-precipitation of silica caused by biological and environmental
weathering agents (Brandl et al. 2014; Burroni et al. 2002; Fernandes et al. 2007; Hurst
and Kelly 1961). Patina occurs in a range of colours, from a clear gloss to a grey or
brown coating, however the most frequently observed colouration is white and opaque
(Brandl et al. 2014; Luedtke 1992; Röttlander 1975; Figure 6). Variation in colour is
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linked to different weathering processes, for example white patina occurs most
commonly in alkaline sediments, brown and orange patinas are associated with iron
oxides and black patina is usually found in moist environments, such as lakes and bogs
(Brandl et al. 2014; Bustillo et al. 2009; Röttlander 1975). These patinas can occur
across artefact assemblages obscuring features of the natural flint, leading analysts to
propose shared sources based on visual characteristics that in fact reflect a shared postdepositional history (see Cackler 1999). The rate of patination is influenced by
impurities within the outer microstructure of flint, and fine-grained material tends to
patinate less than coarser grained due to surface structure (Burroni et al. 2002).
Assessing the effect of patina on a flint assemblage can be challenging, however the
presence of broken artefacts revealing an inner surface can provide a good indication
of the degree to which artefact surface has been altered.
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Figure 6: This Figure presents a selection of artefacts that display signs of patina, weathering, and
distinct colour variation; this demonstrates issues that can occur in macroscopic analysis (all images are
authors own). A: An example of a broken artefact from Cissbury Flint Mine where the break has
revealed the extent of white patination to the outer surface in contrast to the inner black flint (artefact
photographed c/o Brighton Museum). B: Two flint artefacts from La Cotte de St. Brelade, which have
considerable orange ferrous gloss on both dorsal surfaces (artefact photographed c/o Jersey Heritage).
C: A replica axe made from flint sourced at Caister Quarry, Norfolk. The difference in colour is not due
to patination it is macroscopic variation within the flint structure (artefact photographed c/o James
Dilley). D: A Neolithic flint tool from Cissbury Flint Mine that demonstrates differential patination, the
area that is unpatinated was initally protected by sediment (artefact photographed c/o Brighton
Museum).
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2.8.2. Visual Determination of Flint Source Type
Visual analysis of flint can be used to suggest its parent formation, which is sometimes
referred to as its in gitological type, however it is also used to understand the processes
that it may have undergone since removal from the parent material. It has been
suggested that evidence of these processes can be used to differentiate between raw
material that derives from primary and secondary sources (Section 2.2) and therefore
is significant in establishing which type of deposit hominins were collecting flint from
(Callow 1986d; Fernandes et al. 2007; Fernandes and Raynal 2006; Tuffreau et al.
1997; White 1995). This has direct implications for sourcing studies indicating that
studying artefacts visually can lead to information about the origin of the raw material
used to make them. Visual analysis generally focuses on the presence or absence of
weathering features related to environmental processes, such as damage to the artefact
surface by colluvial or fluvial agents, indicating secondary source flint (White 1995).
Macroscopically this may present as weathered and battered surfaces, with the
potential for conchoidal fracturing in high energy fluvial environments (Fernandes et
al. 2007).
The condition of cortex is also useful, with a smoothed or battered surface suggesting
an allochthonous source, for example flint that has been aggregated in beaches (Callow
1986; Geneste 1992). Conversely fresh chalky cortex is linked to raw material from a
primary or near primary context, where erosion or alteration has not occurred (Callow
1986; Geneste 1992; Tuffreau et al. 1997). Studies have also used SEM analysis to
link microscopic changes of the flint surface to specific types of environmental
exposure, such as the dissolution and re-precipitation of silica in allochthonous
sources, which is not seen in autochthonous samples (Fernandes et al. 2007; Fernandes
and Raynal 2006). Micro and macroscopic signs of weathering and wear can be linked
to different types of secondary source however this type of analysis relies on the
artefact retaining evidence of its source environment, for example an original surface
or cortex. It is also more successful in areas where a large comparative reference
collection has been gathered, such as the comprehensive work completed in the Massif
Central (for example Fernandes et al. 2007).
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2.9.

Petrographic Analysis

Establishing petrographic characteristics of flint, such as its composition and structure,
can help to reconstruct its original source and fabric of the parent rock. Early studies
of flint petrography were also pivotal in demonstrating the formation of flint by
diagenetic replacement within chalk (Folk and Weaver 1952; Walker 1962). Attributes
commonly recorded via flint petrography are grain size categories (fine, medium, and
coarse), matrix type and texture, proportions of silica polymorphs, non-silica minerals,
sedimentary detritus, pseudomorphic minerals, microfossils and bioclast assemblages
assemblage (Andreeva et al. 2014; Ciornei et al. 2014; Morgenstein 2006).
Identification of these features provides information about where the flint originally
formed and the sedimentary conditions of the host chalk.
Petrographic analysis can be performed using an optical microscope, as the minerals
within flint are anisotropic meaning that they become visible under polarised light
(Humphries 1992, p. 2). The employment of non-destructive optical microscopy is
observed in flint sourcing studies which directly analyse the flint surface (see Bressy
2002), however the results may be limited depending on the presence of patina and
weathering. It is more commonly performed on thin sections prepared from flint,
despite the need for destructive sampling (see Brandl 2013-14; Morgenstein 2006).
The potential of preparing thin sections to study sample microstructure was first
suggested in the late eighteenth century but was not applied to rock until 1849, after
the use of polarised light microscopy became widespread (Humphries 1992, p. 2). The
process of preparing thing sections is outlined by Humphries (1992, p. 3-5); in brief it
consists of the removal of a slice of rock usually with a diamond edged saw, one side
of the sample is then ground flat using silicon carbide powder and water on a rotating
grinding machine and attached to a glass plate, the remaining rock is then ground in
the same manner to a thickness of approximately 30 µm, the prepared thin sections can
then be analysed using the optical microscope.
Despite the destructive sampling process investigation of flint source by studying thin
sections is common (Andreeva et al. 2014; Gurova et al. 2016; Mauger 1984;
Morgenstein 2006); it has been suggested that it is a particularly useful method for
differentiating between deposits of visually similar flint, and in identifying specific
depositional environments (Jacobi et al. 2007; Mauger 1984). Flint petrography is
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often employed alongside other forms of analysis, for example geochemical profiling
(see Morgenstein 2006), perhaps due to the dominance of quartz in the crystal structure
that can appear uniform under the microscope (Craddock et al. 1982; Luedtke 1979).

2.10. Mineralogical analysis via X-ray diffraction and Raman spectroscopy
Mineralogical analysis focuses on identifying the minerals present within flint. This
can be done using thin-section analysis but is more commonly performed via X-ray
diffraction (XRD), it is regularly used in combination with other techniques, for
example Raman spectroscopy. As noted in Section 1.3 flint is primarily composed of
α-quartz but can contain other silica polymorphs, for example chalcedony, lutecite and
moganite. Mineralogical variation also occurs in relation to detrital material and fossil
inclusions, resulting in the presence of iron and carbonate minerals relating to the
formation environment. During XRD analysis the archaeological sample is irradiated
by a beam of x-rays with known wavelength, these x-rays are diffracted at angles that
represent the spacing in the crystalline lattice of the material (Pollard et al. 2007, p.
113). The angle of diffraction is characteristic of a specific mineral and the intensity
of the diffracted beam indicates its quantity within the sample, generating an overall
mineralogical profile (Pollard et al. 2007, p. 114).
This analysis is most commonly conducted on powdered samples, therefore XRD is
generally classed as a destructive technique. Despite this XRD is widely employed to
analyse the mineralogy of flint particularly because it can achieve a higher resolution
than optical petrography, for example the identification of the mineral moganite
(Navazo et al. 2008). However, a study conducted by Graetsch and Grunberg (2012)
indicates that Upper Cretaceous flint only contained the minerals quartz, moganite,
and some calcite, present in similar quantities. This suggests the general structural
homogeneity of this type of flint is high, reducing the impact of mineralogical data for
differentiating between sources. The literature also indicates that XRD data is more
likely to separate silicates of different ages, for example in Burgos, Spain, Neogene
deposits can be separated from Upper Cretaceous flint by a higher level of moganite
(Navazo et al. 2008). Relationships between mineralogy and distinctive raw material
types are also evident, such as the high level of goethite in flint with an orange-brown
rind from Obourg, Denmark (Graetsch and Grunberg 2012).
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Mineralogical analysis via XRD appears to produce the most conclusive results when
applied alongside another technique, for example geochemistry (Brandl et al. 2014;
Roldán et al. 2015), traditional petrography (Bustillo et al. 2009), and raman
spectroscopy (Pretola 2001; Sitarz et al. 2014). Raman spectroscopy is useful for
identifying ratios of the silica polymorph moganite and quartz (Olivares et al. 2009),
it has also been used to classify different crystal structures in macroscopically similar
flint (Pretola 2001). This type of spectroscopy is a non-destructive technique, which
calculates the mineralogical composition of flint by measuring raman scattering.
Raman scattering occurs when an incident beam of radiation interacts with the
vibrational frequencies of a sample and scatters, generally the scatter occurs in the
same direction forming the Rayleigh peak (Pollard et al. 2007, p. 83). However, some
scattered radiation occurs below this peak indicating energy lost by the incident
radiation known as Stokes lines, the distance between these two scatters is called the
raman scatter and relates to the composition of the sample (Pollard et al. 2007, p. 83).
It is particularly useful because analysis does not require sample preparation, although
any organic matter present in the flint structure can interfere with analysis (Olivares et
al. 2009). Overall it appears that XRD is the most successful technique employed to
reconstruct the mineralogy of flint. However analytical difficulties are presented by
similarities in the crystal structure of silica polymorphs (Navazo et al. 2008). Minerals
within flint are also subject to weathering and dissolution, this has been found to be
particularly pronounced in artefacts (Heaney and Post 1992).

2.11. Micropalaeontology
The use of micropalaeontology to source flint is uncommon however several studies
have identified diagnostic microfossils within the rock structure. It focuses on
identifying the remains of microscopic organisms preserved within the rock structure,
for example calcareous nannofossils, radiolaria, dinoflagellate cysts and foraminiferal
tests (for a review see Quinn 2008). Sourcing flint by its palynological content was
first proposed by Wetzel (1953) and is now regularly employed in provenancing
studies (Andreeva et al. 2014; Bressy 2002; Ciornei et al. 2014; Deflandre 1966;
Harding 2004; Mauger 1984; Morgenstein 2006). Provenancing via palynology is
based on the principle that microfossils found in flint reflect the distribution and
chronological variation of the extant organism during the Cretaceous; therefore, their
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presence and quantity should vary both geographically and vertically within the chalk
sediment. As flint forms in-situ within chalk any microfossils that are preserved within
its structure may be linked to a specific location by identifying the type and distribution
of the palynological remains. Studies have successfully provenanced flint in this
manner, for example separating outcrops by ostracod content (Andreeva et al. 2014;
Morgenstein 2006), differentiating sources from different epochs via microfossil
biostratigraphy (Harding et al. 2004; Mauger 2006), and suggesting formation
environment linked to the preferred habitat of foraminifera (Bressy 2006).
There are several factors that limit the potential of palynological analysis, for example
microfossils are not preserved consistently within flint; this may be due to their
absence in the parent chalk or their loss or total silicification during its formation
process (Harding et al. 2004; section). Microfossil content can also be uniform across
a single body of chalk, meaning that sources of a similar age will not present unique
microfossil assemblages (Sieveking et al. 1972). Similarly, some species of microorganism lived across long geological time periods and wide geographical ranges,
limiting their use for determining specific flint sources. These factors can limit the
precision of palynological studies, for example Deflandre’s (1966) work at the Upper
Palaeolithic site of Pincevent, where microfossils identified in flint artefacts have been
used to suggest different types of raw material but have not yet been linked to a specific
source within the landscape.
Research context is also important for the success of palynological studies, this is
demonstrated by the work of Glover et al. (1995) who link flint ballast from a harbour
in Australia to a source in Southern England by the presence of dinoflagellate cysts,
however this conclusion was made simpler by the historical context and lack of Upper
Cretaceous deposits on the Australian continent. Analysis of microfossils also has
practical limitations, for example non-destructive analysis is limited to the surface of
flint and may therefore not detect sub-surface palynological remains (Bressy 2006). In
order to gain a full profile of microfossils present, the flint must be subjected to
physical and chemical maceration, which is time consuming and destructive, requiring
the use of hydrofluoric acid (HF) (Brooks and Dorning 1997). A microfossil profile
may also be gained by thin section petrography (see Bressy 2006), however this is also
destructive.
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In general, it appears that sourcing flint using micropaleontological analysis works
well in specific contexts where the microfossil profile is both preserved and reflects
geographic or stratigraphic variation that is useful in the research context. However,
due to the unpredictable nature of the distribution and preservation palynological
remains it is a technique that is generally used in conjunction with other methods, for
example geochemical and mineralogical, using aspects such as elemental variation and
grain size to supplement information provided by microfossils (Andreeva et al. 2014;
Bressy 2006; Morgenstein 2006).

2.12. Geochemical Analysis
The use of chemical techniques to understand archaeological artefacts has its roots in
late eighteenth century Europe with the investigation into the composition of metal
objects (for a review see Pollard 2013). The first suggestion of the role of geochemical
analysis in provenancing studies did not occur until the mid-nineteenth century, linked
to Austrian scientist J. E. Wocel (Pollard and Heron 2008). However, it wasn’t until
the twentieth century that sourcing via geochemistry became more popular with the
beginning of the ‘geochemical fingerprint’ concept, linked to the development of
analytical techniques, such as optical emission spectroscopy (OES) (Pollard et al.
2014; Pollard and Heron 2008). Attempts to provenance silicate rocks became more
mainstream in association with widespread scientific development linked to
technological advances during and after World War II (Luedtke 1992, p. 18); for
example, the potential of the analytical technique Neutron Activation Analysis for
archaeological studies was suggested by Robert Oppenheimer in 1954 (Glascock and
Neff 2003a).
The application of geochemical analysis to reconstruct the source of silicate rock
became common in the late 1950s to early 1960s, for example the significant
development of obsidian analysis at the University of Berkley in California (see
obsidian section for references 2.12.9.2). This coincided with the theoretical
movement known as ‘New Archaeology’ or ‘Processual archaeology’, which
recognised the potential for scientific techniques to explain behaviour in the past
(Pollard and Heron 2008). At this point the application of geochemical techniques to
concepts, such as provenancing, was perceived to add objective scientific information
to studies concerned with movement, trade, and the exchange of raw materials.
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Geochemical characterisation of flint artefacts was popularised in the UK in the early
1970s when it was used by a research group from Imperial College London working
in collaboration with the British Museum research laboratory (Bush and Sieveking
1986; Sieveking 1972). The focus of this research was analysing the trace element
content of Neolithic axes made from specific flint mines, to link artefact with source
via a combination of Optical Spectroscopy (OS) and later Atomic Absorption
Spectroscopy (AAS) (Bush and Sieveking 1986; Cowell et al. 1980; Sieveking et al.
1972). This work was conducted in collaboration with the University of Bradford who
analysed the same samples using INAA (Aspinall and Feather 1972). However, when
the project finished a lacuna occurred in UK based flint provenance studies, this may
have been linked to difficulties identified by the authors deriving from the considerable
elemental variation in the flint analysed. Other factors in the wider research sphere, for
example the retirement of key project leaders and the closure of facilities contributed
to the decrease in silicate provenance studies (Glascock and Neff 2003). From a
theoretical perspective this decline in application of analytical geochemistry coincided
with the increased popularity of Post-Processual archaeology, where concepts, such as
relativism and subjectivism, where favoured and the relevance of pure science to the
decisions and feelings of people in the past was questioned (Pollard and Heron 2008).
Despite this, sourcing studies that include geochemistry have seen a recent revival in
the UK with renewed focus on provenancing flint by its elemental composition, for
example Rockman (2003), Evans et al. (2010; 2007) and Pettit et al. (2012). The repopularisation of geochemical provenancing is also common elsewhere in Europe;
Denmark (Hughes et al. 2012a; Hughes et al. 2010), the Danube region (Andreeva
2014; Gurova 2016), Romania (Moreau et al. 2019), the Pyrenees (Sánchez de la Torre
et al. 2017a), Belgium (Moreau et al. 2016a), Austria (Brandl et al. 2014; Brandl et al.
2015; Moreau et al. 2016b), Sweden (Hughes et al. 2012; Olofsson 2011 (Hughes et
al. 2012b; Hughes et al. 2010; Olofsson and Rodushkin 2011); the Middle East
(Ekshtain et al. 2014); the USA (Boulanger et al. 2015; Hassler et al. 2013; Jew et al.
2015; Morgenstein 2006; Speer 2014); and Canada (Milne et al. 2009). These projects
are often interdisciplinary combining the work of archaeologists and geologists,
focusing on landscape and movement in a more holistic sense; often employing a
combination of techniques, such as Inductively Coupled Plasma Mass Spectrometry
(ICP-MS), Laser Ablation Inductively Coupled Plasma Mass Spectrometry (LA-ICP69

MS) and X-ray fluorescence (XRF) technologies. They represent significant steps
from the earlier studies, for example those using OS and AAS (see Bush and Sieveking
1983; Cowell 1979; Sieveking et al. 1972), where success was impacted by analytical
restrictions, such as a lack of precision and standardisation (discussed below in Section
2.12.1).
2.12.1. Geochemical techniques Used in Early Provenancing Studies
Three techniques that use spectroscopic information gained from the visible or near
visible region of the electromagnetic spectrum have been used to calculate chemical
composition of lithic artefacts. Optical Emission Spectroscopy (OES) and Atomic
Absorption Spectroscopy (AAS) were important techniques used in the pioneering
sourcing studies conducted by the British Museum Research Group (Sieveking et al.
1970, 1972). OES measures the wavelength of each recorded emission line from an
analyte to determine what elements are present; to do this the sample is volatilized/
excited by an electric spark (Pollard and Heron 2008). With calibration OES could
produce quantitative data however the technique lacks precision and is difficult to
standardise. This led to its replacement by AAS, which absorbs rather than emits
wavelengths when the sample is excited. AAS has a much better analytical precision
and good limit of detection (1-100 ppm), although still has issues with reproducibility
(Pollard and Heron 2008). However, the use of AAS has now been generally
exchanged for ICP-OES, which operates similar fundamental principles, measuring
the emitted wavelengths, but is more accurate as it operates at higher intensities
(Pollard and Heron 2008). These techniques all employ the characteristic energies
dictated by Bohr’s Law to separately identify elements in samples, using the energy of
the emitted or absorbed wavelength.
2.12.2. Neutron Activation Analysis
The technique INAA generates geochemical data by irradiating samples to produce
radioactive isotopes, which decay at a rate dependent on the half-life of the elements
present; the measurement of gamma rays emitted during this process provides an
elemental profile of the sample (Pollard et al. 2007, p. 123). The radiation source is
generally a nuclear reactor, able to bombard the nuclei of atoms at high energy
generating data for a wide range of elements (Pollard et al. 2007, p. 132). It is a method
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that became popular for analysing archaeological material in the 1950s (see Sayre et
al. 1957) and was used routinely until the advent of other geochemical profiling
techniques, such as ICP-MS, in the 1980s (Pollard et al. 2007, p. 222). It is an
extremely sensitive technique able to detect small amounts of trace elements with
limits of detection as low as 1.5 x 10-5 ppb, this makes it particularly useful for
analysing silicates where elements are generally present in trace amounts <1000 ppm
(Glascock and Neff 2003a; Glascock et al. 2007; Table 1).
Often INAA is used for bulk analysis of artefacts as sample preparation does not
require time consuming digestion or dissolution and multiple samples can be irradiated
at the same time (Glascock and Neff 2003). The analytical procedure can be applied
in a non-destructive manner to the surface of an artefact or sample, however the area
analysed will become radioactive for a considerable time period depending on the halflives of the elements present (Pollard et al. 2007, p. 128). This is generally impractical
and INAA is more commonly conducted in a micro-destructive manner by removing
a piece of the sample, approximately 100mg is required for rock, which analysed in
powder form (Pollard et al. 2007, p. 128; Prudencio 2015). As observed in other
provenancing studies, the effect of patina and weathering on flint remains an issue for
INAA analysis and lithics may be broken to reveal a clean inner surface free from any
contamination (Glascock and Neff 2003). Therefore, INAA is widely viewed as a
destructive or micro-destructive technique, which limits its archaeological application.
Boulanger et al. (2015) suggest that these factors may encourage bias in studies using
INAA analysis due to the selection of small pieces and debitage, which are more likely
to be approved for destructive testing. Constraints are also introduced by the
requirement of a nuclear reactor and associated issues presented by radioactive
material, such as the need for experienced operatives and safe disposal of sampled
material. Glascock and Neff (2003; 2007) attribute the gradual decline in INAA studies
from their peak in the 1960-70s on the closure of research reactors, lack of funding,
and retirement of reactor staff.
Due to its low limits of detection and ability to analyse a wide range of materials INAA
has been widely used in flint sourcing studies, for example Aspinall and Feather (1972)
re-analysed geological samples from the provenancing studies conducted in the 1970s
by Sieveking et al. (1972). Their results suggested that INAA data was able to
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distinguish flint from the UK and Europe, for example Grand Pressigny flint had
distinct quantities of Cr and Th (Aspinall and Feather 1972). This study was also able
to generate unique signatures for specific Neolithic flint mines, such as high level of
Sc in Grimes Graves flint. Elemental profiles generated via INAA have also
successfully distinguished between different types of silicate, for example Cackler et
al. (1999) separated chert/flint and chalcedony using bivariate plots of Cr/Mn. The
potential of INAA to generate high resolution data is demonstrated by Hoard et al.
(1992) who use principal component analysis (PCA) of Al, As, Sm, U, Yb, Zn and Zr,
to discriminate between geographically proximate chert sources.

Studies have also reconstructed archaeologically significant relationships between
artefact and source using INAA data, for example Boulanger et al. (2015) use INAA
data to demonstrate the long distance travelled to acquire flint/chert for Clovis Points
in the USA, by concentrations of Al, Ca, Ti, and V. In a similar manner Julig et al.
(1987) were able to make a connection between lithic artefacts and a quarry site using
ratios Al, Dy and U (Julig et al. 1987). Despite the evident potential of INAA data for
the provenancing of silicates, the high level of elemental variation in flint and chert
remains an issue (Aspinall and Feather 1972; De Bruin et al. 1972). Although recent
methodological work by Prudencio (2015) has demonstrated that this can be
surmounted by sampling from several areas of an artefact or geological sample
(Prudêncio et al. 2015). Overall INAA appears to be a suitable geochemical profiling
tool for generating compositional data from flint, however practical application is
generally destructive and requires access to a research reactor. These factors in
combination with the advent of sensitive minimally destructive techniques, such as
LA-ICP-MS have seen a reduction in its use for provenancing.
2.12.3. Energy Dispersive X-ray Fluorescence (EDXRF) and Wavelength Dispersive
X-ray Fluorescence (WDXRF)
The techniques EDXRF and WDXRF both employ x-rays to determine the elemental
composition of samples, based on the behaviour of atoms when they interact with
radiation (Shackley 2011a). The first XRF spectrometer was constructed in 1948 and
it became an established technique for the geochemical profiling of archaeological
artefacts between the late 1960s and early 1970s (Friedman and Birks 1948; Hall 1960;
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Rontgen 1898; Shackley 2011b). The use of XRF for compositional analysis of lithic
artefacts began at this time, with studies particularly focused on reconstructing the
provenance of archaeological obsidian in the USA (Jack 1976; Jack and Carmichael
1969). EDXRF analysis measures the energy of fluorescent x-rays in kiloelectron
volts, which are generated from the sample by the absorption and emission of radiation
(Pollard and Heron 2008b). The analyte is bombarded by high energy x-rays via a 40kV x-ray tube, the x-rays excite the atoms in the sample prompting the ejection of an
orbital electron, usually from the K-line (Pollard et al. 2007, p. 106; Figure 7).
This ionises the atom, which then adjusts its configuration to become stabilised by the
replacement of the inner electron by a higher orbital electron, generally from the Lline (Shackley 2011). The process of stablisation emits energy as a photon equal to the
energy difference between the two orbitals involved, which is characteristic of a
specific element. A solid-state detector then measures the energy of the incident
photon and the number of photons present, which are characterised by their known
energies, providing a geochemical profile of the sample (Pollard et al. 2007, p. 103).
WDXRF analysis also uses x-rays to excite atoms, however the photons emitted during
this process are instead directed into a crystal dispersion device which uses a
diffraction crystal to separate them into wavelengths (Pollard et al. 2007, p 104). The
WDXRF detector then records the angle of diffraction of the individual wavelength
which is linked to a specific element, and the intensity of the peak providing its
concentration.

73

Figure 7: A schematic of an atom with electrons present in the K, L, M, N lines. 1: The incident x-ray
beam displaces an inner electron. 2: This electron leaves the inner K-level of the atom. 3: It is then
replaced by an electron from the L-level. 4: A photon is emitted of specific energy that is measured by
the detector, allowing the element to be chemically profiled.

EDXRF analysis is a quicker process that detects all elements concurrently whereas
WDXRF detects and measures elements in separate stages (Pollard et al. 2007, p. 104).
WDXRF the more sensitive technique, with a limit of detection of <0.01% in contrast
with <0.1% for EDXRF, however it is generally more time consuming and expensive
(Pollard et al. 2007, p. 103-105). XRF analysis is particularly suited to analysing midZ elements, for example Rb, Sr, Y, Zr, Nb and Ba; however, it can struggle to provide
accurate data for elements below Z-11 (Shackley 2011, p. 163; Shackley 2008). The
penetration depth of analysis also depends on qualities of the elements present, for
example different penetration depths exist for heavy and light elements (Gauthier and
Burke 2011). Despite concerns over the accuracy of data generated by XRF Glascock
(2008) demonstrated that elemental data calculated from obsidian samples by both
XRF and INAA was comparable. Pollard and Heron (2008) caution that the standard
of data produced by XRF instruments is not solely governed by the analytical
technique but relies strongly on what calibrations are used to generate the data.
Both EDXRF and WDXRF can be used in a non-destructive manner directly to the
surface of a sample with minimal preparation if the artefact fits in the detection
chamber. When the sample is too large analysis must take place outside the vacuum
provided by the detection chamber, which negatively impacts the accuracy of analysis
(Pollard et al. 2007, 104; Shackley 2011). A minimum sample size and thickness,
approximately >10mm in length and >2mm in thickness (Shackley 2011), also
imposes analytical restrictions, for example Eerkens et al. (2007) found that omitting
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debitage <10mm in size impacted their ability to identify obsidian sources. The
required thickness of artefacts is important for XRF analysis due to the different
penetration depths of x-rays, this may affect readings taken on heterogenous materials,
such as flint (Potts et al. 1997b). Wilke (2017) suggests that the analysed surface must
be thicker than the photon penetration depth of the heaviest element expected in the
sample. Conducting XRF non-destructively incurs common issues faced by techniques
that analyse the surface of artefacts, for example whether the target area is
representative of the inner portion of the artefact (Hughes et al. 2012). This is again
particularly relevant for a material like flint, which exhibits a high degree of elemental
variation and is subject to weathering processes, such as patination (Gauthier and
Burke 2012). The effects of sample heterogeneity are frequently countered via repeat
analysis of the sample, with the averaged figure deemed to best represent the overall
geochemistry (Hughes et al. 2012).
The surface morphology of artefacts can also influence the XRF process, as
inconsistent distance between the sample and detector raises the risk of analytical error
(Potts et al. 1997a). As describe by Shackley (2011) the analysis of rock using x-ray
fluorescence technology is also complicated by its mineralogy and concurrent matrix
effects, such as spectral overlap and mass absorption. Many of these matrix effects are
corrected for by modern detectors, for example by rationing to the Compton Scatter
Peak, however without data processing they can cause analytical error (Conrey et al.
2014; Shackley 2011; Wilke 2017). Matrix effects are less pronounced for fine grained
rock, such as obsidian (Potts et al. 1997b; Shackley 2011a), which may indicate that
they are also minimal for microcrystalline flint. However, the proposed variation in
elements within the flint structure, and the presence of silica polymorphs (Section
2.5.2), do make flint more complex. Due to these factors XRF is often conducted on
prepared pressed pellets where samples are homogenised to minimise these effects,
however this renders analysis destructive. Despite this XRF is a popular tool in flint
sourcing studies and has been used to successfully distinguish flint outcrops and
artefacts, for example via ratios of Ca, Cl, Fe, and Si in Denmark (Hughes et al. 2010;
2012). It has also been used extensively in characterisation studies of chert deposits in
the Pyrenees using ratios of Al, Ca, Fe, K and Si (Sánchez De la Torre et al. 2019a;
Sánchez de la Torre et al. 2017b; Sánchez de la Torre et al. 2019b). However, these
authors do note that EDXRF was not able to provide data for several trace elements as
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these were below the LOD. Its potential for non-destructive use when artefacts are
correctly proportioned coupled with its ability to provide data comparable to
techniques, such as INAA (Glascock and Neff 2008a), ensures its popularity for
provenancing.
2.12.4. Portable EDXRF (pXRF)
Portable x-ray fluorescence (pXRF), sometimes referred to as hand-held EDXRF, is
an increasingly popular way of using traditional x-ray fluorescence technology. The
device itself is a miniaturised XRF, for example the Olympus Innov-X Delta Premium
device is 260 x 240 x 90 mm, that is easily transported to archaeological sites,
museums and archives. As with stationary XRF and INAA it can be employed as a
non-destructive technology and analysis is relatively cost-free after initial purchase,
barring device maintenance. As it is portable this also reduces the need for sample
import permits, which can be difficult to obtain, and the device fits into a small
suitcase-sized box or rucksack so can be easily transported short and long distances if
needed and deployed away from the laboratory. Due to its transportability pXRF has
been identified as a green technique, with a low environmental footprint and the
capacity to analyse large assemblages without extensive sample preparation (Lemière
2018). It is also able to analyse artefacts fairly rapidly and results are immediately
available for download directly from the unit to a computer. Although some degree of
scepticism exist regarding the accuracy and precision of pXRF technology these
features are improving as technological progress is made, for example the Olympus
Vanta device has been shown to produce results similar to those achieved by INAA
and better than lab based EDXRF (Frahm 2017).
The technology does not damage or permanently irradiate the surface of artefacts and
therefore can be widely used in museum and archive contexts. This non-destructive
nature allows for the rapid analysis of large assemblages of artefacts reducing
experimental bias caused by small sample sizes (Frahm and Doonan 2013). The use of
pXRF permits analysis of lithic artefacts, where the preservation of morphology is key
and destructive testing is not an option. Combined, these factors have greatly raised
the profile of pXRF as a geochemical characterisation technique within raw material
studies and the geosciences (for a review see Lemière et al. 2018). The device has been
used very effectively to provenance obsidian (Campbell and Healey 2016; Craig et al.
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2007; Forster and Grave 2012; Lynch et al. 2016; Nazaroff et al. 2010), ceramics
(Goren et al. 2011; Wilke et al. 2016), and an increasing number of studies employ it
to analyse flint artefacts (Eixea et al. 2014; Newlander and Lin 2017; Roldán et al.
2015).
However, the popularisation of pXRF has prompted extensive discussion between the
archaeological and archaeometric community. Many criticisms relate to the use of
pXRF by archaeologists in a manner akin to ‘point and shoot’, where readings and
samples are taken without a clear control or understanding of data quality, such as the
monitoring of analytical accuracy and precision (Shackley 2012; Speakman and
Shackley 2013). In this case the data generated is not externally comparable and cannot
contribute to wider archaeological studies. Shackley (2012, p. 1) refers to these studies
as ‘The Ugly’, heavily criticizing the publication of pXRF results where the analyst
has not practiced systematic evaluation of data and protocol. Perhaps the most extreme
position taken on this is that archaeologists and museum professionals simply ‘don’t
really care’ about the measurement uncertainties of pXRF analysis (Killick 2015, p.
224).
A degree of scepticism also exists based on the application of pXRF in archaeological
analysis as the technology was originally developed for use in industrial field settings,
for example mining and environmental monitoring (Wilke 2017). Therefore it was not
specifically designed for scientific analysis of artefacts and it may be perceived that
archaeologists have borrowed the technique when it is not always a suitable
replacement for lab based analysis (Shackley 2012, p. 1). In relation to this there is
some doubt that the original software provided by pXRF manufacturers is sufficient to
conduct accurate archaeology analysis for certain materials (Shackley 2010). This
continued high-profile criticism of archaeologists using pXRF has added to a general
lack of trust and overwhelmingly negative view of its suitability for raw material
sourcing studies. In these narratives’ archaeologists are cast in the role of ‘avid users’
who seek to employ techniques with no ‘scientific training’ (Conrey et al. 2014, p. 2).
Despite this the reporting of measurement uncertainty is a recurrent theme in current
pXRF research, a review by Frahm and Doonan (2013) demonstrated that at the time
of publication 20% of studies using pXRF were concerned with methodology. It
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appears that the increasingly widespread use of the technique is prompting a focus on
the assessment and improvement of data quality, for example instrument performance
and optimisation of analysis (Newlander et al. 2015). This research has provided
several analytical cautions, such as the variation of accuracy between different pXRF
devices (see Hall et al. 2014) and how battery life can cause fluctuation in readings
(Brand and Brand 2014; Chang and Yang 2012). Therefore, it appears inappropriate
to generalise that archaeologists and geoscientists do not take these variables into
account. Some users instead suggest that the polemic nature of the pXRF debate is a
negative reaction to the release of previously restricted technology into the wider
research sphere (Frahm and Doonan 2013). At this stage it is clear that the use of pXRF
within the archaeological community remains in development and much of its
increased popularity is related to its significant potential.
The development of pXRF began in the late 1970s and early 1980s and has been widely
used in the geosciences for quality control and environmental testing (Lemière et al.
2018). As discussed its potential application for archaeology and heritage studies are
considerable and in recent years pXRF technology has developed rapidly (Frahm 2017
(Frahm et al. 2017). Speakman and Shackley (2013) highlight that portable detectors
now have a higher resolution than lab based systems purchased 5-10 years ago (at time
of publication). Specific technological advancements, such as the addition of the
Silicon Drift Detector (SDD) in 2008, greatly improved the sensitivity of the device
and its ability to generate data for lighter elements (Brand and Brand 2014). The
portable device works in the same manner as EDXRF in which the sampled area is
excited with high energy short wavelength radiation (x-rays) in order to ionise the
atoms within the material. This ionisation reaction dislodges a tightly bound inner
electron, which is subsequently replaced by a lower energy outer electron. The energy
released in this process is characteristic of a specific element and is used to calculate
its abundance within the sample (Shackley 2010).
However, pXRF is not as sensitive as traditional XRF due to limitations linked to its
portability, for example as a battery operated technology less energy is available for
analysis (Frahm 2013). Variation in device technology for example tube voltage (e.g.
40-50 kV) can also influence which elements are analysed (Lemière et al. 2018). This
affects the range of detectable elements (Figure 8) and their limits of detection with
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the device struggling to accurately analyse more tightly bonded atoms with higher Z
values (z = atomic number; Shackley 2010; Speakman and Shackley 2013). At this
point device can generally only analyse elements from Ti to Nb and cannot measure
REEs or elements with low atomic numbers, for example hydrogen (Shackley 2012).
Low Z elements are also difficult to detect as significant absorbance occurs in the air
between the sample surface and the detector, effects of this are amplified as pXRF is
performed outside of a vacuum (Speakman and Steven Shackley 2013; WilliamsThorpe et al. 1999). This means that pXRF is not suitable for detecting very light or
heavy elements (see Goren et al. 2011) and the generation of accurate data often
depends on the elemental abundance of the sample analysed (Grave et al. 2012; Hall
et al. 2014). This is particularly relevant for the geochemical profiling of flint, as it
contains comparatively low quantities of trace elements. Due to this Newlander et al.
(2015) state that when analysing flint, it is not unusual to note a considerable
percentage error in accuracy, although this may be countered by increasing analysis
time (Brandl 2014; Shackley 2010)
Accuracy is also impacted by the lack of vacuum conditions which introduce biases,
such as spectral interference, resulting in peak on peak overlap (Conrey et al. 2014).
This is most prevalent in elements with a similar atomic number, for example Co and
Fe, as the energy emitted from the ionisation reaction is similar (Hall et al. 2014).
Lemière et al. (2018) also note that samples containing high quantities of Fe produce
less accurate results for trace elements. Interference also exists as Compton Scatter
Tailing resulting from the scattering of fluorescent x-rays emitted from high intensity
peaks, this can artificially elevate the abundance of lower energy peaks in the sample
(Conrey et al., 2014). Due to the lack of vacuum other issues include escape peaks and
peaks from materials within the x-ray path of the instrument (Conrey et al. 2014). As
a surface technique pXRF analysis must also consider issues related to the shape of
the artefact surface and any analysis of weathering, which is unrelated to the internal
sample geochemistry (Potts et al. 2006). Surface morphology effects how x-rays
interact with the artefact being analysed producing less reproducible and accurate
results (Frahm 2013; Hughes 1986; Liritz and Zacharias 2011, p. 32). These factors
are exacerbated by the transformation to a portable technology and are also less wellknown in archaeological studies, further contributing to the uncritical use of pXRF.
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Figure 8: A periodic table with the elements highlighted that can and cannot be analysed by pXRF including those that may be detected depending on the ability of the detector
and conditions of the sample (Figure adapted from Lemière 2018, Figure 3).
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2.12.4.1. Measurement Uncertainty and Calibration

The concerns related to the use of pXRF for archaeological analysis discussed in
Section 2.12.4 highlight the importance of using the technique with a focus on data
quality and optimisation. This includes an appraisal of how pXRF functions in relation
to the material being analysed and steps taken to improve the analytical procedure. A
widely used method of assessing data quality is the analysis of certified reference
materials (CRMs), which contain a known quantity of different elements that can be
compared to a measured reading. The regular analysis of CRMs throughout the pXRF
procedure permits a calculation of percentage error (certified-measured/ certified
*100), which allows the analyst to record data quality based on machine performance.
Common CRMs used for flint analysis are National Institute of Standards and
Technology (NIST) 610, 612 and 614, which are all Trace Elements in Glass (Brandl
et al. 2014; Gurova et al. 2016; Pettit et al. 2012; Speer 2014). There is one chert
specific CRM, JCH-1, which is manufactured by the Japanese Geological Survey,
however it is not widely available and may not be relevant for Upper Cretaceous flint
(Imai et al. 1996). Selecting CRMs appropriate for the material being analysed is key,
for example they should represent the elements found in the analyte reflecting the
range of quantities present. The use of these CRMs is not limited to pXRF analysis;
however it is perhaps more important to report accuracy due to the widespread
criticism of the technique.
Another consideration when using pXRF is the use or application of a calibration
protocol and whether this is suited to the material that is being analysed. Calibrations
are developed through empirical and statistical methods or based on x-ray physics. An
appropriate calibration can improve the quality of pXRF data and address issues with
spectral interference. All pXRF models are pre-installed with a factory calibration,
which permits the conversion of photon counts to relative abundance of elements.
These factory calibrations are different for the specific modes of different pXRF
devices, for example the soil or mining mode (Olympus 2015). As noted in Section
2.12.4 the initial purpose of handheld pXRF spectrometers was for use in industry,
therefore these calibrations may not be particularly suited for the range of elements
and sample types presented in archaeological studies (Conrey et al. 2014; Wilke et al.
2016). They also vary between different pXRF models, affecting the quality and
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external comparability of the data (Brand and Brand 2014; Hall et al. 2014). Often
factory calibrations are based on fundamental parameters, which use x-ray physics and
the theoretical relationship between the mathematical calculation of photon emissions
in relation to the concentration of elements within the sample (Conrey et al. 2014;
Frahm and Doonan 2013). Although it has been suggested that fundamental parameters
calibrations have improved in recent years (see Frahm and Doonan 2013), errors are
still regularly reported when compared with certified reference materials (Conrey et
al. 2014; Craig et al. 2007; Sheppard et al. 2011; Williams-Thorpe et al. 1999).
Therefore the use of factory calibrations without data quality control is inadvisable,
although CRMs can be used to clearly report measurement uncertainties, however they
are still employed, particularly when a range of suitable CRMs is not available (Frahm
and Doonan 2013).
It is widely accepted that issues related to accuracy and reproducibility can be
countered by applying a ‘matrix matched’ calibration that is specific to the sample
being analysed (Brand and Brand 2014; Conrey et al. 2014; Hunt and Speakman 2015;
Newlander and Lin 2017; Wilke et al. 2016). This process requires the analysis of
multiple CRMS, Olympus (2015, p. 129) recommends between 10-20, which reflect
the composition and range of elements in the material being analysed (Frahm and
Doonan 2013; Rowe et al. 2012). Matrix matched calibrations can be applied to
existing modes, for example the modification of the UCL soil mode, or after analysis
using software, such as Artax (Wilke et al. 2016). The creation of a matrix matched
factory mode is also possible, for example the obsidian factory calibration developed
in collaboration between Bruker and MURR, which is based on the analysis of 40
geological samples (Speakman 2012) and is widely used in obsidian sourcing studies.
This also represents a calibration that uses well characterised ‘secondary’ standards,
which is an approach that can be taken when appropriate certified CRMs are
unavailable (Wilke et al. 2016). A particularly impressive example of this is the
Peabody-Yale Reference Obsidians (PYRO), which are 10 sets of well-characterised
obsidian samples that are available open-access for researchers to use for the
calibration of pXRF data (Frahm 2019).
Approaching calibration from this empirical perspective requires a good knowledge of
the compositional qualities of the material being analysed, this is a pertinent
consideration for flint where large elemental datasets are rare (Frahm and Doonan
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2013). Flint also poses a challenge because there is only one flint/chert specific CRM,
JCH-1, which is produced by the Japanese Geological Survey and is not widely
available (Imai et al. 1996). It may be possible to use glass standards, such as NIST
610 and 612 (Brandl et al. 2014; Gurova et al. 2016; Pettit et al. 2012; Speer 2014),
however designing an empirical calibration with so few standards is not advisable as
it would provide inaccurate data if compositions exceed those provided by the CRMS
(Conrey et al. 2014). An additional method is to design a bespoke matrix-matched
calibration for a specific archaeological material by using ‘spiked’ standards, where
the analyst creates and characterises specific standards with a known quantity of
relevant elements (Miliszkiewicz et al. 2015; Stern 1976; Wilke 2017; Wilke et al.
2016). Studies have successfully produced quantative data where matrix matched
calibrations permitted the correction of spectral interference and inaccuracy linked to
the matrix of the analyte (Jia et al. 2010; Forster and Grave 2012; Rowe et al. 2012;
Wilke et al. 2016). Most calibrations employ a form of correction for spectral
interference, for example normalisation to the Compton scatter peak, however this also
varies depending on the sample matrix. Therefore it is recommended that adjustments
for spectral interference are also tailored via material, for example to compensate for
the irregularity of artefact surfaces, and the mineralogical properties of the material
(Conrey et al. 2014; Potts et al. 1997a, b; Wilke et al. 2016).
2.12.5. Inductively Coupled Plasma Mass Spectrometry (ICP-MS)
2.12.6. Solution ICP-MS

The employment of ICP-MS as a geochemical profiling tool in flint sourcing studies
is well established (e.g. Craddock and Cowell 2012; Ekshtain et al. 2014. 2016; Evans
et al. 2007; Finkel et al. 2019; Navazo 2008; Olofsson and Rudushkin 2011; Rockman
2003). This is due to its ability to accurately detect trace elements present in low
quantities, with limits of detection as low as ppb (ppb; 10-9) and sometimes parts per
trillion (ppt; 10-12)(Pollard et al. 2007, p. 195; Pollard and Heron 2008; Ward 1990).
The instrumentation combines a plasma source with a mass spectrometer in order to
quantify atoms by their atomic masses. It is capable of analysing the majority of
elements, however, cannot produce data for light elements Ar, Cl, C, H, He, F, N, Ne,
and O (Pollard et al. 2007, p. 195). The use of ICP-MS became widespread in the
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1980s when its accuracy and sensitivity rapidly raised its profile for the scientific
analysis of archaeological materials (Pollard 20017, p. 195). Despite this popularity it
is widely considered a difficult technique to implement, requiring a specialist to
perform analysis (Thomas 2001). As a solution technique ICP-MS requires the sample
to be introduced as a liquid, which is converted into an aerosol by a peristaltic pump;
this aerosol is then separated in a spray chamber and injected into the plasma torch,
where it is heated and becomes ionised (Thomas 2013, p. 2). Due to the high energy
nature of the plasma torch the excitation of the atoms releases both photons and
positively charged ions (Thomas 2001). These ions represent the elemental profile of
the sample and are sorted and recorded by the detector based on their mass to charge
ratio (Heron and Pollard 2008). The ability to produce ions is a fundamental difference
between ICP-MS and ICP-AES, where only photons are measured, and is the reason
why the former has very low LODs (Thomas 2011).
This combination of low limits of detection and multi-element analysis places ICPMS as a ‘gold standard’ technique for flint analysis. However, several issues exist
primarily related to the introduction of the sample as a liquid. This results in
challenging and time consuming sample preparation, particularly due to the hardness
of flint (7 Mohs), which must be first powdered and then dissolved via acid digestion
(Craig et al. 2007; Glascock and Neff 2003; Speakman and Neff 2005). To break
down the SiO2 structure hydrofluoric acid (HF) is also required as part of the digestion
process, which is potentially harmful and needs specialist application and equipment.
Thomas (2001; 2013, p.145) also note the significant potential for contamination
during sample preparation, which is particularly prescient due to the sensitivity of ICPMS and extensive sampling procedure. The complexity of the sample preparation and
analytical procedure mean that ICP-MS is often carried out by laboratories at a
significant cost, which impacts its use by the wider archaeological community (Vallejo
Rodríguez et al. 2017). The destructive nature of sampling also limits the choice to
conduct ICP-MS, as this may not be suitable for large assemblages of artefacts or
adhere to museum regulation. This has resulted in it often being reserved for
geochemical studies based on geological rather than archaeological flint samples (see
Ekshtain et al. 2014; Finkel et al. 2019). The application of sub sampling could reduce
the need to damage artefacts, as Olofsson and Rudushkin (2011) have demonstrated
that accurate results are possible with sample weights of <10mg. However, one of the
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key advantages of ICP-MS is the ability to homogenise the flint artefact or nodule, a
process that addresses any existing geochemical variation. This surmounts the issues
faced with spot or surface analysis that may not account for elemental variability
across the sample. In this way the application of ICP-MS has the potential to provide
a robust profile of whole rock geochemistry if a significant proportion of the sample
is analysed. Overall the need to conduct ICP-MS should be addressed based on the
research question and context due both to the destructive nature and complexity of
analysis. However, if high accuracy at low limits of detection is paramount the use of
ICP-MS is ideal to profile the low levels of trace elements in flint.

Figure 9: A diagram demonstrating the basic ICP-MS procedure; A: The sample is introduced
to the detector in solution. It interacts with the argon pump (B) and is forced into the spray
chamber (C). It then travels into the ICP-torch (D) before being introduced to the Mass
Spectrometer where elements are separated and analysed.
2.12.7. Laser Ablation Inductively Coupled Plasma Mass Spectrometry (LA-ICP-MS)

The technique LA-ICP-MS was developed in the 1990s by the addition of laser
ablation to the traditional ICP-MS processes, its use became widespread in sourcing
studies due to the reduction in sample preparation and subsequent damage to artefacts
(Andreeva et al. 2014; Bonsall 2010; Brandl et al. 2014; Evans et al. 2010; Evans et
al. 2007; Moreau et al. 2016a; Pettitt et al. 2012; Rockman 2003b). Although LA-ICPMS follows the same process as traditional ICP-MS the sample is introduced to the
detector/ ICP torch in small particles, less than 1000 x 1000 microns, which are
removed from the artefact surface by a laser (Speakman and Neff 2005). This means
that LA-ICP-MS can provide very accurate results, which are comparable to ICP-MS
and INAA where the area sampled is minimally altered (Pollard and Heron 2008).
Sampling using a laser also reduces the risk of contaminants from accidentally
analysing weathering or patination a pre-ablation time (usually 10-20 seconds) can be
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set to avoid analysis of the outer surface (see Moreau et al. 2016a; Speer 2014). The
combination of low LOD, the analysis of many elements, and the lack of destructive
sample preparation has made LA-ICP-MS a popular technique for analysing artefacts,
including high profile lithics, such as Clovis Points (Speer 2014). Evans (2007) also
demonstrates its potential for studying small lithic material, for example Mesolithic
microliths that can be <6mm in length. However, as a micro-invasive technique LAICP-MS analysis is affected by the natural chemical heterogeneity of flint (Wilke
2017), this is often countered by multiple analyses across the surface of artefacts or
geological samples. It is also common for laboratories to have a relatively small
ablation chamber where it is not possible to analyse larger artefacts, for example Evans
et al. (2010) were only able to analyse lithics <2.5cm in diameter. This means that
larger artefacts cannot be analysed or may have to be broken for sub-sampling, reintroducing destructive sample or creating a selection bias within lithic assemblages.
2.12.8. Novel Uses of Mass Spectrometry

Verri et al. (2005) and Boaretto et al. (2009) employ the novel technique of analysing
cosmogenic 10Be isotopes in flint artefacts using accelerated mass spectrometry
(AMS). This technique is a variant of mass spectrometry that accelerates ions to high
kinetic energy before analysis and this allows separation of rare isotopes. The premise
of their analysis is that Be accumulates in rock over time as it is exposed to cosmic
rays. Therefore, levels of 10Be in flint would indicate prolonged exposure, suggesting
the raw material originated from a surface deposit, whereas low levels are linked to an
origin at a depth of >2m. They analysed artefacts via AMS from two caves in the
Levant, dated to the Early Middle Palaeolithic c. 400,000 (Verri et al. 2005). Results
showed an archaeological layer where an assemblage of flint had particularly low
concentrations of
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Be, this was used to infer that during that time hominins were

mining for flint, a distinctive procurement behaviour. This was in turn used to suggest
that hominins at the site were using specialized raw material acquisition strategies,
targeting higher quality more deeply buried material to make large scrapers and
handaxes (Boaretto et al. 2009). Whereas more expedient tools were made from lower
quality flint found on the surface near the site. However, this technique is destructive
and can only occur in settings where the artefacts are protected from cosmic rays as
they enter the archaeological context. This restricts its application to cave sites, which
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often have disturbed deposits/ complex taphonomy. It appears to be a context specific
technique that requires further study.
2.12.9. Flint Specific Geochemical Concerns
2.12.9.1. Geochemical Variation in Flint Deposits

Several studies have found that chemical variation within both flint ‘sources’ and
artefacts influenced provenancing potential (Aspinall and Feather 1972; Gurova et al.
2016), whereas others found variation across artefacts was concurrent with a shared
source (Bush and Sieveking 1986). The latter was found by Cackler et al. (1999) when
sampling different silicate outcrops in Belize, South America, where geographically
distinct deposits displayed the same geochemistry. Work on British mine sites in the
1970-80s tested the hypothesis that variation would affect the ability to distinguish
between Neolithic flint mine sites but concluded that intra-site variation was lower
than inter-site, therefore individual mines could be chemically characterised (Bush and
Sieveking 1986; Sieveking 1972). Luedtke (1978b) also found that cherts in the
American Midwest varied systematically and sources could be identified. Results of
these studies further demonstrate that elemental variation in silicates does not occur in
a predictable manner. However, as Upper Cretaceous flint bodies vary laterally due to
their position in relation to active shorelines, it has been suggested that parsimoniously
the more widely separated flint deposits are the easier they are defined or the more
different they will be (Bush and Sieveking 1986; Luedtke 1978b). This can also be
seen in the proportion of studies that are able to separate flint from different geological
stages during the Cretaceous, for example Cenomanian – Turonian (Ekshtain et al.,
2014). This is of particular consideration to techniques which focus on the surface of
artefacts, for example ED-XRF, which cannot capture the internal composition of the
object.
2.12.9.2. Comparison to Obsidian Provenancing

The complicated nature of provenancing flint via geochemistry is perhaps best
understood in comparison to sourcing studies focused on another widely used tool
stone, obsidian. Geochemical sourcing of obsidian is a well-established method and
has a long and successful history, studies have used a range of profiling techniques,
for example spectrographic (Cann and Renfrew 2014); XRF (Craig et al. 2007;
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Eerkens et al. 2008; Negash et al. 2011; Negash et al. 2006; Perreault et al. 2016;
Taliaferro et al. 2010); pXRF (Craig et al. 2007 (Craig et al. 2007; Forster and Grave
2012; Frahm 2016, 2014, 2012a, 2013b; Frahm et al. 2014a; Frahm et al. 2014b;
Frahm et al. 2017; Panich 2016), EPMA (Blegen 2017; Frahm 2012b); LA-ICP-MS
(Eerkens et al. 2008; Taliaferro et al. 2010; Yi and Jwa 2016); and INAA (Glascock
and Neff 2003a; Perreault et al. 2016). Freund (2013) presents a review of obsidian
provenancing studies and how the data generated is used to comment on movement of
material.
Although obsidian has similar fracture properties to flint there are significant
differences related to the its formation process. Obsidian is a type of volcanic glass
that forms rapidly when felsic lava cools during a volcanic eruption. As the rock
solidifies relatively rapidly its geochemical composition directly reflects the
environment at that moment in time. Obsidian sources are therefore geographically
discrete and chemically homogenous (Luedtke 1978). Due to these characteristics the
potential for geochemical sourcing of obsidian is high, as single sources present unique
signatures tied to specific places in the landscape. This is in direct contrast with flint,
which forms comparatively slowly over large areas and can undergo multiple phases
of diagenesis. The geochemical composition of obsidian varies between outcrops but
is consistently higher in trace elements than flint. Obsidian provenancing literature
suggests that it generally contains between 50-70% SiO2, alongside relatively high
levels of Al (6-20%), Fe (1-11%) and significant proportions of Ti, Zr, Mn, Mg, Ca,
Ba, Na, K, F and Cl. Trace elements that are regularly recorded are Ga (>10 ppm), Zn,
Rb, Sr, Y (>100 ppm), Nb (>500 ppm), Zr (>1000 ppm)(based on information from
Brown et al., 2013 table 1, p. 3237 and table 2, p. 3238; Negash et al., 2006 table 1, p.
1649; Negash et al., 2011 table 2 p. 665-668). Although this is not an exhaustive review
it is evident that obsidian contains less Si than flint and a greater relative proportion of
other elements. This means that calculating the geochemical profile of artefacts can be
successfully achieved with less sensitive technologies, for example pXRF.
2.12.9.3. Issue of Patina and Weathering

As discussed, patina and weathering on the surface of flint affects its appearance but
also influences its geochemical composition via the addition or loss of elements from
the rock matrix. Alteration to the surface structure is caused by changes in temperature,
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soil acidity and biological agents, for instance lichen, which result in micro-cracks that
allow the penetration of pore water (Brandl et al. 2014; Hurst and Kelly 1961; Schmalz
1960). Flint is not a closed system and this addition of pore water to micro-cracks
diffuses elements into the interstitial rock structure, this means that it geochemistry
can be influenced by environmental agents, for example iron present in groundwater
(Bressy 2006). It has been suggested that elements known to be exchanged through
pore waters, for example Ca, are therefore unsuitable for provenance analysis (Bush
and Sieveking 1986). Experiments have been undertaken to analyse both patinated
and unpatinated surfaces of similar flint, this suggested that patina induced silica
depletion and the enhancement of Al, Cl, Fe, K, and Ti (Hughes et al. 2012). Although
other researchers have concluded that the chemical effects of patina are minimal (see
Luedtke 1978) and Schmalz (1960) suggests that blue and white patina are caused by
light refracting differently on modified surfaces. Overall studies must assess the impact
of patina and weathering in their specific context in order to avoid geochemical results
representing shared burial environment, rather than parent source.

2.13. A summary of Diagnostic Elements for Flint Provenancing
The elements widely reported in flint and their proposed origins are detailed in Table
2 and appear to derive from a range of different processes and environmental features.
However, they vary in their diagnostic capability for separating flint sources and
several have been widely reported that have a potential for discriminating between
outcrops. The selection of a geochemical technique may consider its ability to identify
these elements, as the range of detection depends on the type of technology used (for
example pXRF). The elements generally identified as discriminative by published
studies are Al, Ba, Ca, Co, Cl, K, Fe, Ga, Mg, Mn, Na, Nb, Ni, Pb, Rb, Sr, Ti, V, Y,
Zn Zr (Bonsall 2010; Brandl et al. 2014; Brooke Milne et al. 2011; Costopoulos 2003;
Cowell 1981; Craddock 2009; Craddock et al. 2012; Evans et al. 2007; Gauthier et al.
2012; Hughes et al. 2012b; Hughes et al. 2010; Matiskainen et al. 1989; Moreau et al.
2016a; Navazo et al. 2008; Newlander and Lin 2017; Olivares et al. 2009; Rockman
2003c; Volterra 2000). Moreau et al. (2013) and Brandl (2014) propose that the
elements most effective in identifying flint types relate to detrital inclusions, for
example Al, Ca, Fe, Mg, Mn, Ni and Ti. This is due to the location of chalk facies in
relation to features, such as active coastlines. The proportion of Ca may be less
89

valuable as it can vary greatly within flint nodules due to unreplaced calcite, however
Craddock and Cowell (2009) found Ca ratios could identify different aged flint in the
UK and it has been successfully used to separate Pyrenean chert outcrops (Sanchez de
la Torre 2019b).
The importance of REEs to determine flint’s original formation environment was first
suggested by (Murray 1994) and the ratio of these elements is reported as useful for
differentiating sources, particularly Dy, Ho, La, Pr, and Sc (Ekshtain et al. 2014;
Malyk‐Selivanova et al. 1998; Moroni and Petrelli 2005; Olofsson and Rodushkin
2011; Rockman 2003b). This is due to their chemical stability, which enables them to
remain in place through multiple phases of diagenesis, in contrast to more soluble
elements such as Fe and Mn (Moroni and Petrelli 2005). Studies have successfully
used ratios of other elements, generally in the form of bivariate plots, for example
Rb/Sr (Newlander and Lin 2017) and Rb/La (Rockman 2003). Rockman (2003) also
found Rb to be the most useful element for differentiating flint sources in the UK,
linking this to its gradual variation within the depositional basin. The success of these
sourcing studies demonstrates the elements which can provide significant source
separation and supports that outcrops can be separated by their geochemical signature.
The variety in elements reported as useful indicates that flint from different areas is
differentiated by a range of processes however it appears that inclusion minerals, such
as those deriving from terrigenous detritus may be the most useful.

2.14. Summary
This review demonstrates that considerable attention has been paid to establishing the
provenance of flint artefacts through a variety of techniques and that there is no
standard methodological procedure. A summary of techniques used and recognised
positive and negative attributes is presented in Table 3. Most commonly sourcing
studies begin with a desk based appraisal of relevant geological literature and a
program of fieldwork to collect samples or map deposits. This process is followed by
macroscopic analysis of artefacts and geological material in order to establish visual
characteristics. The assessment of flint types in this way can present issues (Section
2.8), however standardisation procedures are becoming more common, such as the use
of a Munsell colour chart (Crandell 2005). Both an understanding of the regional
distribution of siliceous rock and its macroscopic qualities appears to be most effective
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in areas with lithothecas or well-established sourcing programs (Section 2.7). This is
also true for defining the genetic or gitological type of flint being analysed, for
example Fernandes et al. (2007) present a rigorous assessment of allochthonous flint
in Southern France, which is supported by a large reference collection.
Visual observations can be supplemented via analysis of the rock structure, including
the presence of minerals, silica polymorphs, and structures related to its formation
environment, this is generally conducted via thin section petrography and optical
microscopy (Section 2.9), or XRD and Raman spectroscopy (Section 2.10). However,
the SiO2 structure of flint is relatively homogenous, and is mainly composed of similar
silica polymorphs, that are visually alike and have overlapping spectral peaks, making
them difficult to identify (Graetsch and Grunberg 2012). The potential of microfossils
for flint identification has also been discussed, due to differences in their
biostratigraphic and regional distribution (Section 2.11) with fossil assemblages
proving useful to define certain flint and chert bodies (Sánchez de la Torre et al. 2019).
Despite some success it is generally recognised that microfossil preservation is
affected by diagenesis and cannot be employed routinely to propose flint provenance
(Harding et al. 2004). These techniques, which seek to identify distinct aspects of flint
structure are often used in combination with other forms of analysis, for example
geochemical profiling. It appears that they may be seen as complementary methods,
mainly due to the inconsistent or unpredictable mineralogy and microfossil content of
flint.
The use of geochemical profiling is perhaps the most popular method of establishing
a flint source and has both a considerable history of application whilst also seeing a
recent resurgence in use (Sieveking et al. 1972; Pettit et al. 2012). Geochemical
analysis has proved useful in identifying trace elements in flint that relate to its
formation environment and therefore its original geological position (Section 2.4). The
profiling methods used range from destructive techniques, such as INAA and ICP-MS,
to non-destructive, for example pXRF; with the former generally possessing a greater
degree of accuracy and sensitivity. However the complex method of flint formation
controls the presence and quantity of useful trace elements in the flint structure, which
can vary considerably in an unpredictable manner (Section 2.12.9.1). The elemental
profile of different flint bodies directly influences the success of geochemical sourcing
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studies, which are also impacted by the low proportion of non-silica elements found in
the rock (Section 2.5.3). This means that technologies with lower LODs are generally
more successful in provenancing studies, as they are able to detect a wide range of
elements and accurately quantify them in trace quantities. The proposed variation in
elemental content also impacts surface or spot-techniques, such as XRF and LA-ICPMS, where analyses may not account for the overall chemical profile of the rock or
artefact. This has raised the profile of methods, which homogenise samples, such as
ICP-MS, although this process is destructive.
Numerous analytical techniques have been applied to flint provenancing and there are
several key considerations that affect all forms of analyses, namely whether the
features identified present coherently as a ‘source’. From a theoretical perspective
recognised characteristics must exist in configurations that can isolate regional
deposits, that is to say they vary enough to define a flint body, but variation does not
exist to a degree where sources cannot be identified (Section 2.6.1). This is of
particular note for flint as known diagnostic attributes, such as elemental, fossil and
mineral content, are directly linked to its formation process (Section 2.4) and aspects
of the parent sediment (Section 2.5.1 – 2.5.3). As noted flint can undergo multiple
phases of diagenesis, which directly affects its overall make-up, this may result in the
loss of particular features, such as microfossils. Therefore, there are many factors to
consider when selecting a provenancing methodology. Firstly the technique used must
fit within the research methodology based on what degree of sampling is permitted
(e.g. destructive versus non-destructive) and how many samples need to be analysed.
The unpredictable nature of different flint bodies implies a degree of prospecting when
conducting analysis, as the results depend on the presence of useful diagnostic features.
In this way it appears that it is not possible to define whether or not flint ‘sourcing’ is
possible, instead its potential relates to the analytical ability of the chosen technique
and the qualities of the regional flint geology in question.

2.15. Conclusion
The information provided in Chapter 2 aimed to familiarise the reader with flint
geology and the concepts and methods related to the provenancing of flint. It forms a
key background to the future chapters, which often refer to theoretical and scientific
information presented here. In particular the review of techniques available influenced
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the choice of methods outlined in Chapter 4 and the focus on integrating geochemical
and macroscopic techniques. The concerns and challenges faced by other researchers,
linked to both sourcing and flint as a material, were also important in the development
of the project, including the clear emphasis needed on reporting measurement
uncertainties. Perhaps most significantly Chapter 1 underpins the need to understand
flint composition with more clarity, for example how it behaves as a source from a
geochemical perspective. This laid the foundations for the geological case study found
in Chapter 5 and contributes to the key research question; does Upper Cretaceous flint
geochemistry exist in a manner that permits individual sources or source areas to be
defined? Therefore, this Chapter not only provides a detailed review of flint and
provenancing techniques but also informs and influences how methods were chosen
and used, and the discussions of flint geochemistry and its implications for sourcing.
Following Chapter 2 this thesis turns towards the archaeological information that can
be drawn from reconstructing raw material procurement and a discussion of known
trends in acquisitions by Neanderthals. Although this is a change of topic Chapter 3
provides a review of archaeological data, which is key to applying the future
geochemical results to the research questions asked by this thesis. In this way it is
cohesive to locate Chapters 2 and 3 together as they form the backbone of how and
why flint sourcing is carried out from a behavioural and scientific perspective. This is
important for the interpretation of the results of the archaeological case study and
aspects of both chapters will be revisited in Chapters 4, 5, 6, and 7.
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Table 3: A summary of the different provenancing techniques discussed in Chapter 2 including their positive and negative aspects, for example the trade-off between accuracy
and destructive techniques that has been observed.
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Chapter 3. Raw Material Procurement and Hominin Behaviour,
Implications and the Influence of Variables
3.1.

Introduction

The following chapter intends to add an archaeological background to the technical
and theoretical discussion of provenancing provided by Chapter 2, presenting in detail
the ways in which past behaviour can be inferred from trends in the transfer and
acquisition of stone. This provides an important counterpoint to the methodological
research in this thesis as it facilitates the creation of links between the results of the
scientific analysis and the procurement strategies used by different Neanderthal
populations at La Cotte de St. Brelade. The chapter is located here in the earlier portion
of the thesis as it reviews literature and concepts that are discussed again in Chapter 6
and the discussion and conclusion. Although presented as one chapter it falls into two
sections beginning with a more general discussion into the archaeological significance
of stone provenancing studies. This section is located at the start of the chapter because
it aims to provide a background to the concepts, such as technical optimisation and
selection for quality, that are later considered specifically in relation to Neanderthals.
The second part of the chapter is devoted to a review of Neanderthal raw material
strategies, this is an important section because it highlights trends in procurement
during the Middle Pleistocene. These trends can then be linked with what is observed
in La Manche, comparing and contrasting the procurement at La Cotte de St. Brelade
with the wider research sphere. These sections are summarised in more detail below
prior to a general introduction to Chapter 3 that outlines the importance of raw material
acquisition in light of understanding hominin behaviour.
This first section of this chapter focuses on how behavioural significance is drawn
from lithic sourcing studies of artefacts made by prehistoric hunter-gatherer
populations. It outlines the fundamental concepts of provenancing research in these
contexts, for example the use of stone transfer distance to establish group mobility and
range. The economic and social behaviours associated with the organisation of raw
material procurement in forager groups are presented and how this information may
be reconstructed. It then discusses models that are used by archaeologists to interpret
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these patterns of stone acquisition, such as concepts of foraging theory and adaptive
behaviour. The potential of these models is considered in reference to their utility and
how both ecological and social variables impact their application. This includes the
use of ethnographic analogy between modern and ancient populations. It then
introduces other factors that complicate the interpretation of source choice and
movement of raw material, some of which may not be visible in the archaeological
record. In this way it aims to critically assess aspects of hominin behaviour that can be
proposed from the reconstruction of the transfer distance between two points in a
landscape, concluding that it likely included a series of decisions influenced by
different variables.
The second part of this chapter presents an overview of raw material procurement in
the Middle Pleistocene, specifically how Neanderthal populations organised stone
collection. It discusses aspects of source use alongside the themes presented in the first
section, providing a necessary foundation for the discussion centred on Early Middle
Palaeolithic Neanderthal behaviour in the English Channel region, presented in
Chapter 6. Chapter 3 then closes with an appraisal of the information provided by
sourcing studies focused on hunter-gatherer populations. It proposes that sourcing
projects centred on prehistoric hunter-gatherers need to observe a breadth of additional
features, for example climatic conditions and the composition of the proximate
geological landscape.
Flint or other siliceous stone provides a unique resource for provenancing studies
because it is preserves extremely well and was used ubiquitously by hominins
throughout the palaeolithic record. Unlike other subsistence resources, such as fauna,
it was located in association with specific geological areas, providing known target
points within the landscape. These raw material sources played an important role as
the first stage of the lithic chaîne opératoire (Schiffer 1992a, p. 8) and were therefore
integrated within the organisational systems of hominins (Geneste 1992, Figure 10).
Here hominins are discussed as both hunter-gatherers and foragers, these terms are
used interchangeably to refer to the lack of sedentism and agriculture, suggesting
mobile pedestrian groups. Proposed patterns in raw material transport are also
discussed in reference to modern hunter-gatherers via the referencing of ethnographic
literature.
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Raw material procurement studies aim to reconstruct how flint or siliceous stone
bearing areas were accessed, in order to establish group foraging strategies, for
example transport distance, source selection, and overall mobility (Beck et al. 2002;
Féblot-Augustin 1997; Gamble 1999; Geneste 1988; Surovell 2003). Geneste (1992,
p. 1) suggests that initial procurement and subsequent diffusion of stone is ‘a means to
determine space through technology’, in this way it allows a reconstruction of the lives
of prehistoric hominins and the environment that they encountered on regular basis
(Gamble 1999, p. 87). Transfer distances are often interpreted as the maximum range
of hominins and have been used to suggest group behaviour, for example the visitation
of further flung sources may indicate more sophisticated foraging organisation and
trade or exchange. The overall area exploited also reflects group mobility and types of
procurement, for example logistical trips or the trade and exchange of material by
individuals (Brantingham et al. 2006).
These practical movements therefore encompass a range of economic, social and
behavioural choices that exist within the landscape context and indicate the potential
of humanistic insight provided by interpretations made from sourcing studies (see
(Burke 2006). A range of models have been employed to extract behavioural inference
from the movement of stone, these are often based on the relative ‘cost’ of obtaining
raw material, and how this influenced what was accessed (see Beck et al., 2002). As
the process of acquiring stone to make lithics is presumed to be energetically taxing,
it is proposed that this would put strain on a group to adapt and absorb the cost of
procurement by making economically rational choices. Mode of acquisition can then
be perceived to reflect the overall ability of a foraging population to structure
collection, demonstrating forward planning and the capability to conduct a multistepped process (Andrefsky 1994a). It has also been noted that transfer distance can
have a pronounced effect on the lithic technocomplex, resulting in raw material
optimisation and the creation of different types of tools (Andrefsky 1994b; Bleed 1986;
Roth and Dibble 1998; Walthall and Holley 1997).
The diversity of hunter-gatherer societies complicates this traditional interpretation, as
it is likely that numerous other factors affected how stone was collected including
those that present an ephemeral signature in the archaeological record. Transfer
distance was influenced by features associated with the landscape and site type, for
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example the availability of raw material in combination with the type of mobility
operated by a population (Andrefsky 1994b; Andrefsky 1994a; Di Modica et al. 2016;
Kelly 1992). Hominins may have also taken a longer path to flint deposits that were
on an easier, less dangerous, route or prioritised sources for the quality and quantity of
their raw material (Browne and Wilson 2013; Wilson 2007a, 2007b). It is also probable
that social factors and general foraging organisation influenced transfer distance, for
example stone collection may have been embedded as part of a suite of other activities,
in this case the movement from sources to site is not solely linked to the acquisition of
flint (Binford 1979; Kelly 1995). It appears evident that the use of lithic sources by
hunter-gatherers related to a myriad of behavioural and practical influences and
interpretation taken from raw material sourcing studies must acknowledge this. These
influential factors are summarised in Figure 10, which is inspired by the statement
made by Geneste (1992, p. 1), “Procurement is interwoven within the social and
cultural systems of hominins”.
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Figure 10: This diagram visualises the interplay of features related to the provenance of raw material,
represented by the triangle in the centre. Within the outer circle are the concepts that can be
reconstructed from establishing a flint source, these are then surrounded by factors influencing how raw
material is collected. These aspects cloud the clear information provided by raw procurement and should
be considered when interpreting transfer distance (Image inspired by Geneste 1992, p. 1).
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3.2.

Transfer Distance and the Hominin Landscape

Fundamentally, reconstructing a transfer distance from stone source to occupation site
provides information about what type and size of area hominins were active in. This
is their landscape or as Rockman (2003, p. 13) defines it “a piece of topography
bounded by its use by a given social group”. Understanding foraging patterns provides
an insight into the environment groups lived in and the organisation of activities within
it. The connection between landscape use and stone procurement has been used to
suggest hunter-gatherer range (Binford 1982; Brantingham et al. 2006; Close 2000b)
and to investigate features of their ‘landscape of habit’, surrounding a site where the
majority of daily tasks are carried out by individuals (Gamble 1999, p. 87). This
frequently used area proximate a site can also be referred to as their Site Exploration
Territory (SET) (Vita-Finzi and Higgs 1970). In this way provenancing permits the
consideration of a region from both a group and personal perspective, exploring the
environment encountered by hominins in their ecological niche (Vita-Finzi and Higgs
1970; Karlin 1971).
Archaeological sourcing studies seek to interpret transfer distances of raw material
between the geological source and a place central to the landscape, such as a cave or
rock shelter (Kuhn 2004). This distance is traditionally divided into three arbitrary
categories, local (0-5km), neighbouring (5-20km); and distant (>20km) (FéblotAugustins 1993). Based on ethnographic examples it is generally proposed that local
and neighbouring transfer distances indicate an intensive use of the habitual landscape
surrounding a site, whereas 20km represented the boundary of daily travel, and
distances >20km would be covered in longer forays over several days (Borazzo 2012;
Brantingham et al. 2006; Gamble 1999, p. 87; Marlowe 2005; Roebroeks et al. 1988).
These types of transfer distance have been used to suggest different degrees of physical
effort and group organisation, for example procurement based on local raw material
likely required a smaller physical and organisational commitment and may have
occurred in a less selective manner as part of general subsistence (Djindjian 2012).
Whereas longer transfer distances involved more investment, including the use of
satellite sites and temporary camps (Roebroeks et al. 1988). This implies a different
amount of foraging time and forward planning, implying the ability of a group to
absorb greater cost and schedule more complicated journeys (Binford 1980;
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Brantingham 2003). In this way transfers of >20km have been linked to populations
with a higher degree of behavioural complexity indicated by the scheduling of task
specific subsistence strategies over greater distances (Féblot-Augustins 1993). It has
also been suggested that these longer transfers evidence a wider regional social
connection between different groups (Roebroeks and Tuffreau 1999; Roebroeks 2003,
p. 105).
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Table 4: A summary of the organisational level and landscape knowledge that may be linked to the use of sources at different distances from a site central within
the landscape.
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3.3.

Raw Material Selectivity and Behavioural Complexity

Foragers can be classed as generalists or specialists; in terms of raw material this
relates to the importance placed on different types of stone, for example whether a
population regularly use lower quality raw material or select for more suitable stone
(Brantingham 2003). Raw material quality is generally defined by its mineralogical
properties, as this has a direct impact on the success of knapping strategies (Beck et
al. 2002; Gould 1980, p. 141). This implies that fine grained rock with few to no
inclusions would be preferentially selected due to its greater suitability. Although
durability may be a consideration, particularly for task specific tools, such as hide
scrapers (Moník and Hadraba 2016). The assessment of quality is also intrinsically
linked to the desired form and function of tools, as specific lithic technologies had
different requirements, for example Upper Palaeolithic blade production (Andrefsky
1994b; Crabtree 1967; Féblot-Augustins 2008; Flenniken 1981). Selection is also
related to the size and shape of the raw material; if a group favour technology based
on handaxe production, larger nodules will be needed (Ashton and McNabb 1994;
White 1995).
The selection of high quality resources has been observed in ethnographic studies of
modern hunter-gatherers, who make longer trips for stone with good isotropic
properties (Gould and Saggers 1985). This behaviour is also seen in the archaeological
record with high quality stone often reserved for formal tools, particularly when it is
scarce within the surrounding landscape (Andrefsky 1994a). The inverse has been
observed with low quality raw material, which is often coarse grained and less easy to
shape, being used for expedient or simple technologies irrespective of its availability
(Andrefsky 1994a; Andrefsky 1994b). In this way overall quality can be seen as a
combination of selection for positive lithological aspects and whether the resource fits
the intended technological purpose. Therefore, procurement based on quality implies
the structured organisation of lithic techno-complexes and behavioural capability to
understand the link between raw material and the outcome of knapping. This may
imply that groups using lower quality resources were less specialised in terms of
subsistence organisation or employed expedient technology which did not require
specific raw material.
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However, both human and non-human primates have an extensive record of selection
for purpose, for example, wild chimpanzees (Pan troglodytes verus) native to the Taï
National Park, Côte d'Ivoire, have been observed preferentially selecting
hammerstones made from harder rock to crack tough panda nuts, and travel farther for
these if they are not local (Boesch and Boesch 1984). Longer transfer distances are
also seen in chimpanzees living in Bossou, Guinea, where priority is given to more
distant diorite sources over local granite (Carvalho et al. 2008). This suggests that in
this case non-human primates demonstrate an understanding of the suitability of
different rocks for desired tasks. However, Carvalho et al. (2008) notes a lack of
relationship between the shape and function of raw material selected for nut cracking,
implying that wild chimpanzees employed selection based on lithology rather than size
and shape of raw material
Raw material selectivity also appears in Oldowan contexts, for example lithologybased selection of higher quality non-local materials occurred at hominin sites in
Kenya from as early as 2.5 mya (Braun et al. 2008; Harmand et al. 2015; Stout et al.
2005). Differential raw material selection has also been observed during the Late
Pliocene at contemporary sites in Ethiopia, where separate locations, AL 894 and AL
666, demonstrated different acquisition strategies; the former focused on short distance
local transport and the latter longer distance transport of higher quality raw material
(Goldman-Neuman and Hovers 2012). This may suggest that separate populations or
groups that lived at the same time had unique collection strategies, potentially linked
to selection for specific aspects of the raw material. Harmand (2015) suggests that at
Lokalelei 2, Kenya, material with natural striking surfaces that were easier to maintain
and flake, was preferentially selected. This is a key development as evidence of nonlithological selection where form and morphology of the stone represents an important
step from non-human primate raw material acquisition. The antiquity of this behaviour
at East African sites suggests strategic collection of material, beyond its physical
properties, existed as early as 5 mya. Therefore, it appears that quality selection exists
in different palaeolithic contexts and relates to a number of factors, for example
isotropic properties, durability, hardness and requirements of the technocomplex.
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3.4.

Modes of Acquisition and Hominin Mobility

Procurement of stone is also interlinked with mobility, both of the wider group and
individuals foraging in the landscape. Forager mobility can be broken down into the
aspects of where people were moving, in what direction, and even what factors
influenced movement, for example reaction to seasonal change or resource availability
(Close 2000b). The movement of raw material into a site reflects the foraging range,
this suggests the maximum area encountered by a hominins, which would have varied
based on their mobility (Binford 1982; Brantingham 2006; Close 2000). Binford
(1980) identified three subsets of forager mobility; residential where people spent long
periods of time at a site before relocating, logistical, when foraging groups left from a
base camp acquire specific resources; and territorial or long-term mobility, in which
hominins moved between regions due to subsistence stress. All forms of mobility have
different organisational modes, for example sustained residential mobility may result
in depletion of proximate resources leading to increased logistical forays (Binford
1980; Kelly 1992). These different types of movement likely existed on a spectrum
dependant on several factors, such as resource distribution and quality (Kelly 1992).
Long-term residential mobility is associated with intensively occupied home base
sites, such as caves and rock shelters that sit at the centre of a foraging region (Binford
1982; Burke 2006; Spikins 2017, p. 135), whereas shorter term mobility is evidenced
by smaller encampments and more mobile populations (Binford 1979).
It has been suggested that raw material procurement differed alongside mobility, for
example at long-term sites stone entered the site centripetally from a foraging radius
whereas at shorter occupations it was brought alongside groups in a centrifugal manner
(Turq et al. 2017). Differing levels of behavioural complexity have also been ascribed
to high and low residential populations in relation to lithic acquisition, for example the
risk of resource depletion at sites occupied for long periods of time, has been linked to
lack of foresight of a population (Binford 1980; Djindjian 2012). Whereas sites that
show shorter occupation or more frequent movement demonstrate higher mobility
within the landscape where lithic artefacts often enter the assemblage from more
distant sources as part of a mobile toolkit (Andrefsky 1994a; Binford 1979). Transfer
distance may therefore reflect the type of landscape hominins moved through but also
the organisation of their subsistence in relation to their chosen mobility strategy.
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3.5.

Exploring the ‘Cost’ and Implications Transfer Distance

The transfer of raw materials is often interpreted by the relative cost of the acquisition
and movement of stone by a population. This provides information about how foraging
was organised and decisions about source choice were made. Interpreting cost is often
conducted using adaptive models, which identify common patterns in resource
acquisition, linked to economic choice (Beck et al. 2002; Borazzo 2012; Gremillion
2002; Metcalfe and Barlow 1992). These models are based on the premise of foraging
theory, a concept developed in zoology, which suggests the optimisation of
procurement based on a cost-benefit model (see Stephens and Krebs 1986). This theory
implies that animals, and also humans, actively make decisions to minimise energetic
cost based on biological and environmental influences. When applied to raw material
collection by hunter-gatherers cost represents a balance between energy expended to
acquire resources and their overall utility. These models presume that hominins made
choices in an economically rational manner and predict certain relationships between
source choice, frequency of use, and the lithic technocomplex.
3.5.1. Source Proximity, Raw Material Frequency, and Reduction Strategies
In raw material studies cost is reflected by the distance from source to site or place
central within the landscape, which encompasses a combination of different economic
choices (Beck et al. 2002; Delagnes and Rendu 2011). As discussed in Chapter 1,
Section 1.2, and presented in Table 4 longer transfer distances are at times conflated
with advanced levels of procurement organisation and greater cost to a group. Whereas
the shorter distance transfers may relate to the ease in accessing local raw material
versus the higher energy and time spent visiting a distant source (Torrence 1983). In
the archaeological record the cost incurred by the transport of raw materials is often
reflected by their relative presence in an archaeological assemblage, for example
material from distant sources may be less common due to the energetic requirement of
acquisition (Féblot-Augustins 1993; Geneste 1988). The inverse is observed with stone
from proximate resources, which is usually well represented. This is known as the
distance-decay relationship, as detailed by Renfrew (1977) and is based on the
principle that the further a resource is from an occupation site the less frequently it will
be visited.
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The cost of transporting rock was emphasised due to its weight and the unpredictability
of resource quality making it likely that significant importance was placed on reducing
energy expenditure (Rockman 2003a; Vidal-Cordasco et al. 2017). This means that
source proximity also had an effect the treatment of raw material prior to or on entry
to a site. It has been observed that raw material from distant deposits was often reduced
at the geological source and subject to extended reduction sequences (Binford 1979
(Binford 1979; Bordes 1953; Dibble and Holdaway 1993; Metcalfe and Barlow 1992).
This process minimised energy expenditure by removing parts of the rock that were
not deemed useful, for example cortical areas (Beck et al. 2002; Roth and Dibble
1998). It also raised the likelihood that portable tools would have been made close to
the source, increasing the proportion of formal curated artefacts entering the site on
non-local raw material (Close 2000a; Fernandes et al. 2008; Geneste 1988; Nelson
1991; Shott 1986; Torrence 1983).
This has led some researchers to associate specific tool types with increased movement
across the landscape, for example bifacial and Levallois technologies (Beck et al. 2002
(Beck et al. 2002; Ekshtain et al. 2014; Nelson 1991). Due to this Roebroeks et al.
(1988) suggest that reduction intensity and typological complexity are a good indicator
of distance from source to site. However, it is likely that reduction intensity did not
solely reflect the choice to make an artefact at the geological deposit but also its
gradual use during forager movement across a landscape. Binford (1979) first referred
to this behaviour as curation, where artefacts were conserved via retouch and
rejuvenation. He proposed that this strategy prolonged the use life of tools and
occurred whilst they travelled as personal gear, with the degree of reduction indicating
the length of transfer distance from source to site. In this case heavily reduced tools
may not evidence initial optimisation of raw material via portability but instead their
repeated use by hominins (Brantingham 2003); Dibble 1995 (Dibble 1995)). Despite
this it is generally accepted that intensive reduction of artefacts can be linked to nonlocal raw material, irrespective of the specific motivation for curation. This is
supported by the inverse relationship observed in lithics made from local material
where simpler reduction sequences, often referred to as ‘expedient’, are common Thus
implying that the presence of stone proximate to a site alleviated economic pressures
presented by transport (Andrefsky 1994a; 1994b; Binford 1979; Kelly 1988).
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3.6.

Predictive Models and Variables

However, the use of economic and adaptive models to predict and stone transfer
distance has been criticised, for example Kuhn (2004, p. 431) suggests that there it has
“no intrinsic meaning” due to numerous other factors that influenced raw material
acquisition. It is likely that the pathway between source and site included multiple
decisions based on factors that cannot now be directly observed (Gremillion 2002).
These represent variables that may be ephemeral or lack economic rationality, limiting
the utility of the model. This prompts a discussion of the intentionality of transfer
distance and therefore the behavioural significance that can be drawn from it. Several
considerations exist, importantly the care needed when applying ethnographic data to
archaeological populations. It cannot be assumed that modern hunter-gatherer
behaviour directly reflects that of prehistoric hominins, and it has been suggested that
caution is particularly important when discussing non-anatomically modern humans,
for example Neanderthals (French 2019). The need to critically assess ethnographic
models is presented in detail by Gould (1980, p. 1-35), although he also notes that
principles of human behaviour that occur most consistently are related to
environmental features. As the acquisition of raw material is closely tied to the
relationship between people and their landscape in this case it may be appropriate to
consider these uniformitarian models.
One of the most fundamental pitfalls of applying economic and adaptive models is
their potential to account for multiple variables that affected transfer distance, for
example social, biological and environmental influences. Models that use a distance
from a specific point in the landscape, for example distance decay and optimisation of
transport rely on the environmental conditions affecting the population to remain
constant (Beck et al. 2002; Bettinger et al. 1997). In this way the influence of
unpredictable factors limits their utility, which is a concern when dealing with sites
deeper into the past. Torrence (1989) directly critiques models as non-situational and
progressivist, conflating what are varied procurement decisions into larger themes
irrespective of context. As archaeological assemblages often represent a palimpsest of
different decisions models that seek to identify individual cost may not be appropriate
(Grayson and Delpech 1998). It is evident therefore, that associating transfer distance
directly with specific choices, such as landscape use, mobility, and behavioural
complexity must be treated cautiously.
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3.6.1. Influence of Embedded Procurement
Hunter-gatherers incorporate raw material acquisition, artefact production, tool
maintenance and discard into their total cycle of subsistence and settlement activities
(Andrefsky 1994b). Interpretation of distance can also be affected by how raw material
collection fits into a daily foraging cycle, as Gamble (1999, p. 85) states ‘the image
that foragers have of the world is linked to an itinerary, not a concentric surface area’,
or a line drawn from A to B across a landscape. This implies that simply using a
straight line distance to infer economic or organisational choice oversimplifies
behaviour, as foragers did not move directly as the crow flies (Close 2000a). Instead
it has been suggested that hunter-gatherers moved from one area of resources to
another, collecting as they went, therefore archaeological assemblages would represent
a palimpsest or pattern of these short-term movements (Bettinger et al. 2006).
In this case the acquisition of raw material to make stone tools would be part of a wider
foraging model, and the distance between source to site would not solely reflect the
intent to collect stone. Binford (1979) formalised this model as ‘embedded
procurement’, defined as the integration of resource acquisition into the wider
activities of hunter-gatherers, where foraging trips rarely had the sole purpose of
acquiring one resource. This implies that the information inferred from raw material
transfer distance cannot be used as a calculable cost to an individual because it also
related to the foraging of other resources, for example food. This would render the
information drawn from the linear movement of stone obsolete, as it is impossible to
separate from other activities. This has important implications for models employed to
interpret movement that use raw material transfer distance as part of an optimal
foraging strategy, for example calculating the least cost path.
However, although embedded procurement exists in modern hunter-gatherer
populations, it depends on the distribution and availability of resources in the
environment. It is likely that, as Binford (1980) observes in the case of the extant
foragers the Nunamiut, if useful resources were encountered and could be transported
they would have been. Conversely if resources were not present in the proximate
environment it is parsimonious to presume that trips would have to be organised to
access them. This is particularly prescient for stone resources as, unlike flora and
fauna, geological sources were generally static or aggregated in the landscape; if these
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fixed stone procurement areas were not local groups would have needed to organise
logistical forays to access them, which would have an associated cost, particularly if
quarrying was involved (Bamforth 2006; Groucutt et al. 2017). It is unlikely that no
cost was associated with acquiring stone resources. Morrow and Jeffries (1989)
suggest that embedded procurement is seen in contexts where local and non-local rocks
are interchangeably implying there is no associated cost with longer transfer distances.
Groucutt et al. (2017) further criticise the concept of reduced cost linked to embedded
procurement as the ethnographic population whose behaviour underpins the concept
were users of modern technology, for example metal and sledges (Binford 1979)
3.6.2. Taking the Least Cost Path
Interpreting distance from source to site as cost is complicated and must consider other
factors, for example qualities of the journey taken. Distance travelled is not linear in
terms of energy expenditure and it may have been influenced by the specific cost of
the path taken; with some transfer lengths appearing shorter or longer due to aspects
of terrain and landscape. This suggests the importance of terrain difficulty and
consequent energy expenditure on how raw material enters a site, with direct distance
not the sole control (Browne and Wilson 2013; Browne and Wilson 2011; Moreau et
al. 2013; Wilson 2007a). Instead the type and nature of landscape between the site and
source will influence which sources are used; a closer source that is very hard to access
can have the same energetic costs as a far-flung source with an easy route (Wilson
2007b). Although, this relationship is not always observed, and it cannot be presumed
that hominins would take the least cost path (Browne and Wilson, 2013). This likely
due to factors that cannot be observed in the archaeological record, such as the
importance of establish trails, paths, and visible landmarks (Ericson 1977). Transfer
distances are also affected by landscape geomorphology, with local landscape
structures like mountain ranges acting as physical barriers. This is seen in Middle
Palaeolithic

France where the plateau of the Massif-Central acts as a barrier

preventing raw material movement eastwards (Féblot-Augustins 1993). Other features
like valleys and river systems may promote or restrict the transport of raw material,
acting as conduits for hominins to move through. Gamble (1999) suggests that longer
transfer distances occur in circumscribed geographical units, with longer transfers
more likely to occur in similar areas.
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3.6.3. Resource Distribution
Archaeological studies indicate that the distribution of lithic resources within the
forager landscape directly influenced the organisation of their procurement strategies
(Andrefsky 1994b; Andrefsky 1994a; Di Modica et al. 2016; Whallon 2006). As stone
sources were generally associated with specific points in the landscape the location of
suitable geological deposits affected how far groups needed to travel to access raw
material (Andrefsky 1994b; Brantingham 2003; Dibble 1991). Ethnographic data
suggests that when sufficient amounts of good quality stone was present close to a site
modern hunter-gatherer populations it was used to make both formal and informal
tools (Gould 1980). A similar pattern is observed in the archaeological record,
resulting in short transfer distance and the use of an expedient technocomplex,
indicating a lack of economic pressure (Andrefsky 1994b; Fernandes 2008; Kuhn
2005). In this case the majority of the lithic assemblage was made on local material
collected during everyday foraging, due to its proximity and suitability (Roth and
Dibble 1998).
The inverse is observed in situations where suitable raw material sources were not
local to a site and longer trips were required to access stone resources. In some
contexts, this resulted in the supplementary use of lower quality knappable raw
material found nearby, for example sandstone and quartz (Burke 2006; Kuhn 2005).
This gave rise to longer transport distances in areas where suitable stone was not
proximate to the occupation area, for example at the Middle Pleistocene cave sites in
Coastal Latium, Italy (Kuhn 1995; Spinapolice 2012). Consequently, the lithic
assemblages contained fewer artefacts made from distant high quality material with
the majority of informal tools made on widely available local stone (Andrefsky 1994a;
Dibble 1991). The lithic technocomplex found in regions where desirable raw material
was scarce also show signs of conservation in their reduction strategies, for example
bi-polar flaking (Andrefsky 1994b; Fernandes 2008). The significant influence of
lithic resource distribution is demonstrated by DiModica et al. (2016) who conducted
a diachronic study of 441 Middle Pleistocene sites in Belgium, concluding that the
composition of regional geology had more impact on assemblage composition that the
presence of different hominin groups. This suggests that the behavioural interpretation
of transfer distance must observe general lithic availability, particularly when
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conflating longer transport is the sole association with behavioural rather than
economic choice.

Figure 11: The effect of resource distribution on hominin group organisation (Figure adapted from
Whallon 2006, p. 260).

3.6.4. The Influence of Climate
During the Pleistocene the influence of climate on hunter-gatherer procurement was
considerable as glacial-interglacial cycles occurred. Although taking place over
thousands

of years

these fluctuations

prompted considerable

change in

palaeogeography, sedimentation and temperature. At a landscape level cooling and
warming of the planet resulted in shifting coastlines, particularly affecting low-lying
areas of the Continental Shelf. Therefore, access to source areas of raw material was
not constant and modern terrestrial areas do not always directly reflect the past
landscape. These changes in climate provided different raw material resources, which
likely affected how transfer distances occurred. Both modern and ancient huntergatherers appear to have larger ranges in cooler latitudes, where resources have a wider
distribution (as reviewed byMarlowe 2005). In the Pleistocene it’s likely that higher
mobility in cold periods was also linked to the importance of large fauna as a key food
source and it has been observed that populations dependent on hunting were highly
mobile (Roebroeks 2003, p. 105). This expansion of range may have been associated
with longer distance raw material transfer, as observed by Féblot-Augustins (1993) in
the Middle Pleistocene of Central Europe. It has been suggested that non-local stone
may have been exchanged as a risk management strategy in periods of climatic
instability to maintain social links between groups in different areas (Gould and
Saggers 1985).
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During glacial periods lowered sea-level would have opened up low-lying landscapes
potentially revealing previously submerged resources. Cold climates also prompted
widespread erosion, which both increased source prominence and freed material from
the bedrock (Ashton 2008; Fernandes et al. 2008; Kuhn 1995). However, fewer active
fluvial and marine agents limits the distribution of secondary sources, which may have
affected the predictability of sources in the landscape. Whallon (2006) suggests that in
areas where resources are patchy hominins have low residential mobility but are more
active in the wider landscape. Scott (2011) suggest that in warmer periods rivers
provided navigable highways through forested areas and may have distributed
secondary stone. The predictable nature of these fluvial deposits might have prompted
nearby settlement and associated logistical foraging trips (Whallon 2006). High sealevel would also have aggregated raw material in marine beaches, providing an
important resource for hominins (Callow 1986d).
3.6.5. Source Attractiveness and Quality
Despite the importance of its distribution in the surrounding landscape it has been
suggested that the quality of material and attractiveness of a rock source also
influenced its likelihood of visitation (Andrefsky 1994b; Browne and Wilson 2011).
As noted in the discussion of economic models, source attractiveness can be discussed
in terms of physical considerations, however, Wilson (2007) and Browne and Wilson
(2011) propose that it is also related to the aspects of the raw material present and its
abundance. Raw material quality is based on a range of factors that affect both its use
and transformation into a tool, such as nodule size, homogeneity, and durability (see
Elston 1992). These features combined with the abundance of stone available and ease
of access, for example whether quarrying is needed to extract material, suggest the
relative attractiveness of a source area (see Wilson 2007). This theory implies that
outcrops with large quantities of high quality stone may have been accessed
preferentially to minimise energy cost, with the inverse seen in smaller outcrops of
poor quality material. In this way longer transport distances may reflect trips to visit
more attractive sources, a behaviour observed in Neanderthal populations targeting
specific outcrops of Bergeracois and Sennonian flint in France (Féblot-Augustins
1993; Turq et al. 2017).
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The raw material selectivity of a group is also linked to the demands of the
technocomplex in operation, for example higher quality stone that lacks inclusions is
more suitable for knapping, less likely to break, and easier to recycle and re-sharpen
(Andrefsky 1994b; Crabtree 1967). Consequently, its quality affected both form and
function of stone artefacts particularly in light of specific knapping strategies, for
example the requirement for large nodules of fine grained raw material in Upper
Palaeolithic blade technology (Féblot-Augustins 2008). Studies have observed that
high quality raw material is more likely to be made into formal tools, particularly if it
is scarce within the lithic landscape (Andrefsky 1994a; 1994b; Beck et al. 2002;
Geneste 1988). In contrast low quality stone was more often used to make expedient
technology, a relationship that is observed independent of source proximity
(Andrefsky 1994a; 1994b). These trends in lithic technological organisation appear to
suggest a degree of selectivity, which indicating different levels of specialised
procurement. This supports the proposal that source choice and consequent transfer
distance may have been influenced by the demands of a population’s tool-use.
3.6.6. Landscape Legibility
Landscapes are “storied places” and are interpreted as a series of interlinked features
(Kelly 2003, p. 44). It has been suggested that visible landmarks acted as structural or
focal points within landscapes, which foragers used to map and re-visit resources
(Burke 2006; Golledge 2003, p. 36; Kelly 2003, p. 48). In this way influencing how
information about resource location was communicated and affecting the ‘legibility’
of the area (Golledge 2003, p.34). This implies that larger areas with few feature
points, for example rocky outcrops, would have been harder to navigate making raw
material sources more difficult to find and relocate. How a group learn about and use
their proximate landscape is also affected by mobility type and duration of occupation
for example Richter (2001) observed that procurement of specialised raw material
increased as hominins become familiar with their local environment. This implies that
source use by hominins in a less well-known landscape will differ to those operating
long-term mobility strategies. Although the location of resources may have been
discovered relatively quickly, establishing their quality and reliability was a longer
process (Rockman 2003a, p. 5).
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Topography, geology and flora of a region will influence how it is moved through,
including resource acquisition. Longer transfer distances may occur along features that
act as conduits for movement, for example rivers, peninsulas, and mountain ranges
(Burke 2006; Féblot-Augustins 1993). In the same manner these aspects of a regions
geography can reduce the likelihood of visitation or source access. These geological
features may also have had social significance and it has been suggested that sources
were more frequently visited if located on an established route or trail, whose position
was well known within the group (Browne and Wilson 2013; Golledge 2003, p.37;
Moreau et al. 2013). In this way both paths and large features such as river systems
provide environmental ‘schemata’ that act as conduits for hominin movement.
Landscape use can also be considered from a phenomenological perspective, for
example how sounds travels and light quality and direction (Kelly 2003, p.44).
Structured visitation of sources required landscape knowledge that was acquired over
time and aided or restricted by the presence of mappable features within the area.
3.6.7. Social and Ideological Factors
It is evident that procurement decisions were interwoven within many aspects of
forager lifeways, therefore it is probable that social and ideological factors also
influenced tool making and the collection of stone (see Gould 1980; Schiffer 1992).
The organisation of these social systems allowed hominins to map their occupation
area, affecting how resources were accessed and permitting the transmission of
landscape knowledge (Rockman and Steele 2003). Ethnographic studies demonstrate
the importance of ideological motivation on procurement, for example Gould and
Saggers (1985) noted the relationship between source exploitation and the proximity
to sacred sites in extant Australian Aboriginal populations. There is a link between
ideology and artefacts (see Schiffer 1992), for example the ritual deposition of lithics
in mortuary contexts (Carbonell and Mosquera 2006). The influence of sociality and
ideology is difficult to see in the archaeological record and likely included ephemeral
behaviours, such as oral traditions, gossip, and folklore (Gould 1980a, p. 22; Rockman
2003, p. 6; Wilson 2007). Social factors may also include the structure of the group,
for example whether foraging trips included vulnerable members or non-ambulatory
children (Marlowe 2005).
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It has been suggested that the social and ideological motivation in raw material
procurement may be evidenced by the use of macroscopically distinct non-local stone
(Borazzo 2012) or the presence of poor quality distant resources, both demonstrating
a lack of focus on utilitarian concepts (Wilson 2007b). The appearance of stone that
has travelled a long distance has also been linked to the maintenance of social contact
between groups, strengthening bonds of regional and intra-regional support
(Roebroeks and Tuffreau 1999; Whallon 2006). The influence of social and ideological
factors present a particular caution to models based on the perceived economic
rationality of hominins (as discussed in Moreau et al. 2015; Moreau et al. 2013).
Despite this these behaviours are challenging to reconstruct and, although it is useful
to recognise their potential effect on procurement, it is difficult to fully assess their
influence.
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Figure 12: A schematic of different landscape features and subsistence opportunities that may
influence how procurement is organised in the landscape surrounding a site (Illustration
Credit: Tabitha Paterson 2019)
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3.7.

Middle Pleistocene Raw Material Strategies.

In order to fully interpret any patterns in Neanderthal flint use at La Cotte de St.
Brelade it is important to consider trends in stone procurement across the Middle
Pleistocene. As noted in Chapter 1 aspects of raw material acquisition amongst
Neanderthal populations are often used to discuss features of subsistence and group
organisation. These may have a wider implications for the evaluation of behavioural
traits linked to forward planning and cognitive plasticity, such as adaptation to
complex environments and the potential optimisation of foraging. Research focused
on reconstructing Neanderthal raw material procurement became widespread in the
1980s, for example the detailed work mapping sites and geological deposits in SW
France (see Geneste 1988). These early studies employed macroscopic analysis and
provided important insight into both transfer distance and group mobility. As new
forms of scientific analysis became more widespread, for example those discussed in
Chapter 2, Middle Palaeolithic provenancing research adopted these technologies,
particularly petrographic and geochemical methods.
Overall a combination of methodologies have been used to explore how Neanderthals
accessed raw materials in a variety of different landscapes and environments,
producing a picture of lithic procurement that will be useful to compare and contrast
with the behaviour of hominins at La Cotte de St. Brelade. There is a historical view
that Neanderthals did not have sophisticated subsistence strategies, including raw
material procurement (Binford 1989; Trinkhaus 1986). It is suggested that this has led
to the widespread belief that the Middle Palaeolithic Chaîne Operatoire was static and
lacked regional and chronological variation (Meignen et al. 2008; Wilson and Browne
2014). This perception implies a low level of innovation or specialisation and is
perhaps amplified by the role that longer transfer distances and raw material selectivity
play in the proposed Middle to Upper Palaeolithic transition (Mellars 1996). However,
there is considerable evidence for diversity, adaptation and organisation in the
Neanderthal lithic record; including how raw material was collected and the decisions
taken as part of the acquisition process. A discussion of the current understanding of
Neanderthal raw material acquisition strategies is presented in the following sections,
referring closely to the models discussed in the first part of this chapter.
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3.7.1. Transfer Distance and the Lithic Landscape.
The complexities involved in the raw material transfer process were discussed in the
first part of this chapter and it is apparent that different types of acquisition existed,
however significant trends exist in how far Neanderthals travelled to access flint. The
complexities involved in the raw material transfer process were discussed in the first
part of this chapter and it is apparent that many different types of acquisition exist,
however significant trends are exist in how far Neanderthals travelled to access flint
and chert. Archaeological evidence strongly implies that Neanderthals had an
overwhelmingly local focus on both their subsistence organisation and raw material
acquisition, which was generally conducted around or under 5km from occupation
sites (Djindian 2012; Féblot-Augustins 1993; Fernandes et al. 2008; Gamble 1999, p.
126; Meignen et al. 2008; Turq et al. 2017). Clear examples of this organisational
strategy are found at Middle Palaeolithic sites in the well-studied regions of central
and southern France, where it is reported that local raw materials (c. 5km) regularly
comprise upwards of 95% of lithic assemblages (Geneste 1988; Mathias et al. 2020;
Rocca et al. 2017; Turq et al. 2013). The predominance of raw material from
proximate sources is also observed in assemblages made by Neanderthals across
Eurasia, for example in the Iberian Peninsula (Abrunhosa et al. 2020; Garralda et al.
2014; Ruiz et al. 2020), Central Spain (Eixea et al. 2020), the Levant (Beller et al.
2020; Ekshtain et al. 2017; Ekshtain et al. 2014; Solecki and Solecki 2007), and the
Caucasus (Doronicheva et al. 2016; Moncel et al. 2013).
The high proportion of local raw material implies that resource acquisition was
concentrated close to sites or places central within the landscape, with journeys
therefore unlikely to exceed a day’s travel (Djindian 2012; Féblot-Augustins 1997;
Frahm et al. 2020). This observation fits well with the general perspective that
Neanderthal populations favoured often favoured long term residential locations,
preferring to forage from home-base type sites and perhaps only moving if nearby
resources were depleted (Churchill et al. 2016; French 2019). The likelihood of
Neanderthals to conduct procurement activity local to sites has been used to propose
relatively simplistic methods of acquisition (see Binford 1989), suggesting that
specific sources were not targeted. This would imply that the collection of stone was
embedded within daily foraging activities and therefore did not involve logistical
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planning or organisation. A strong local focus on procurement is also linked to a
greater degree of vulnerability for hominin groups, for example the gradual exhaustion
of suitable stone, increasing the likelihood of site abandonment or the reliance on lower
quality raw material (Shipton et al. 2013b). Shorter transfer distances may also relate
to the proposed small group sizes of Neanderthals and lack of regional social networks,
where non-local raw material was introduced via trade and exchange (Churchill 2016;
Féblot-Augustins 2008; Gamble 1999).
Conversely the dominance of local stone could indicate an adaptive strategy where
sites were preferentially located close to sources, suggesting that the proximity of raw
material was a high priority for Neanderthals and was considered in residential
planning (Kuhn 2005). This is supported by the aggregation of Middle Palaeolithic
sites in regions where raw material was plentiful, for example the CenomanianTuronian plateaus in the Southern Caucasus region and the flint deposits of the French
Massif Central and Perigord (Pleurdeau et al. 2016; Roth and Dibble 1998; Santagata
et al. 2017). Occupations located on or proximate to high quality primary sources of
siliceous stone were also common, such as Abric Romani, Spain (Eixea et al. 2020),
Chêne Vert and Combe Brune (1 and 2) in France (Dawson et al. 2012; Mathias et al.
2020; Meignen et al. 2008); in these cases over 90% of the flint was sourced from
these local deposits. Barakaevskaya Cave in the in the northwest Caucasus is a
particularly good example as flint transfer distance was negligible due to high quality
deposits outcropping within the cave walls (Doronicheva et al. 2016). This signature
is not restricted to bedrock deposits as Neanderthal sites are also often located close to
aggregations of secondary raw material, as seen at Ebbsfleet and Lynford Quarry in
the UK (Craddock and Cowell 2009; Scott 2011). Exceptions do exist where, despite
the availability of high quality local deposits, they are not the dominant raw material;
this is seen at Pêcheurs in France, and is attributed to exceptionally mobile hominin
groups (Moncel et al. 2008). Overall it appears that a predominance of local raw
material may not represent a lack of selectivity or organisation but reflects the choice
of Neanderthal groups to live close to this important resource and use it efficiently as
part of their daily activity.
Longer transfers of raw material do exist in Neanderthal contexts and are generally
referred to as intermediate distances that exceed the habitual landscape of a site, from
c. 20-50km (Féblot-Augustins 1993). The use of stone from these intermediate
120

transfers is less common than local material however evidence of more regional
procurement is seen in Middle Palaeolithic contexts, such as c. 25-30 km transfers in
Greece, Portugal and Spain (Garefalakis et al. 2018; Gómez de Soler et al. 2020;
Matias 2016). These longer procurement journeys are more common in areas where
suitable raw material is rare or not available locally (DiModica et al. 2016; Fernandes
2008; Geneste 1998), for example coastal Latium in Italy where Neanderthals made
specific journeys >20m to access deposits of primary flint (Kuhn 1995; Spinapolice
2012). Areas rich in raw materials display an inverse signature, such as the
Neanderthal occupations in flint rich southern France where intermediate transfer is
exceptionally rare (Mathias et al. 2020). Exceptions do occur, for instance at Amud
Cave, Israel, Ekshtain et al. (2017) note that despite plentiful high quality local
material, 30-40% of the flint used to make tools derived from deposits c.60km distant.
They suggest that this highlights the importance of the site as a hub of activity within
the regional landscape, visited by highly mobile populations. An alternative
explanation for the presence of flint from intermediate and distant sources is the direct
procurement of flint from specific outcrops (Féblot-Augustins 1993; Turq et al. 2017).
The selection of high quality stone or visitation of particularly attractive sources was
discussed in the earlier part of this chapter and it appears that Neanderthals also carried
out this behaviour. The exploitation of specific outcrops is particularly well
documented in Southern France, for example the primary deposits of high quality
Bergeracois flint (see Mathias et al. 2020), and the extensive Cretaceous ‘quarrying’
sites found in Jordan and Israel, which all appear to have acted as focal points of
activity from which raw material was distributed (Finkel et al. 2019; Gopher and
Barkai 2014; Henry and Mraz 2020). The procurement signature is then seen both at
the source where raw material is extracted and then as a transfer back to the home base
with distancing depending on its location.
As noted these raw material rich landscapes may have prompted settlement, as seen in
the sustained Middle Palaeolithic occupations in the Levant area, however Neanderthal
sites also existed far from raw material outcrops, this demonstrates that it was not the
only factor that determined settlement (Kuhn 1995). Many Middle Palaeolithic sites
are found close to distinctive landscape features that provided shelter such as
mountains, cliffs, rock shelters, caves and karstic environments (Burke 2006; Spikins
2017, p. 135; Spinapolice et al. 2012; Tuffreau et al. 1997; Vidal-Cordasco et al.
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2017). It is also likely that food and particularly fresh water were key considerations
that were potentially more important than the presence of high quality flint in the
nearby environment (Ekshtain et al. 2016; Binford 1979). In these cases procurement
would need to be intermediate or long distance depending on the location of the raw
material deposits. However transfers of over 50km remain unusual and Gamble (1999,
p. 88) suggests that distances of over 80-100km are the maximum observed in
Neanderthal populations. Supported by the extensive body of research on Middle
Palaeolithic raw material use in France (for example Geneste 1988; Turq 1989),
Féblot-Augustins (1993, 1997, 2008) produced a review that indicated low instances
of long distance transports in Neanderthal populations as out of 145 studied only 11
reported transfers over 100km and three over 300km. Several other longer transports
have been recorded such as >100km in the Loire Valley (Slimak and Giraud 2007) and
c.300km at Mezmaiskaya Cave in the Caucasus (Doronicheva et al. 2016). However,
due to their unusual nature within the wider picture of Neanderthal procurement it is
necessary to consider whether these interpretations may be complicated by the natural
transport of material by fluvial and alluvial agents (Fernandes et al. 2008; Turq et al.
2017).
On the other hand longer transfers have been used to suggest evidence of social
interaction between different groups and the exchange of raw material in order to
create links beyond the immediate region (Aubry et al. 2012). This material would
come from outside the general range of Neanderthals and is likely to be less
represented in the assemblage, for example it is sometimes referred to as ‘exotic’
(Beller et al. 2020; Henry and Mraz 2020). Indirect transfer of raw material is difficult
to identify in the Middle Palaeolithic (Féblot-Augustins 2009; Fernandes et al. 2008)
and its potential has been previously overlooked due to the historical suggestion that
Neanderthals were not capable of complex procurement behaviour (see Binford 1979).
However, it is possible to suggest that long distance transfers of poor quality material
are unlikely to signify trade or exchange between populations because they do not
present an economic advantage (Ekshtain et al. 2016).
3.7.2. Raw Material Quality and Selectivity by Neanderthals
The local focus of Middle Palaeolithic procurement combined with the tendency of
Neanderthals to locate sites close to suitable raw material deposits means that it is
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common for their lithic assemblages to reflect the geological composition of the nearby
environment, including primary and secondary deposits(Garralda et al. 2014; Matias
2016; Santagata et al. 2017). There is also widespread evidence that Neanderthal
groups used diverse types of raw materials, for example andesite, obsidian, quartz,
quartzite, radiolarite and siliceous sandstone (Aubry et al. 2015; Doronicheva et al.
2016; Garefalakis et al. 2018). This behaviour contrasts procurement in the Upper
Palaeolithic where groups generally selected fine grained flint and chert, perhaps due
to constraints imposed by the introduction of standardised laminar technocomplexes.
To an extent this supports the notion that Neanderthals were less selective about what
type of stone they used and collected what was in their local area without discernment.
Despite this there is growing evidence that they had in depth knowledge of raw
material quality (as discussed in Section 3.6.5), considering both the fracture properties
and dimensions of stone for its desired use (Anoikin and Postnov 2005; Ekshtain et al.
2017; Longo and Giunti 2010). Evidence suggests that Neanderthals tested potential
tool stone before use and discarded unsuitable material, for example at Jarama VI rock
shelter, Spain (Ruiz et al. 2020). Establishing the quality of raw material also likely
affected what was made from it, as indicated by the predominance of Levallois and
bifacial material on fine grained flint and chert from primary deposits (Finkel 2020;
Mathias et al. 2020; Matias 2016).
The importance of material from primary deposits during the Middle Palaeolithic is
demonstrated by the evidence of quarrying which, although relatively rare, has been
observed at Neanderthal home bases and extraction sites. It is particularly common in
the Levantine corridor where large outcrops of siliceous stone show sustained signs of
exploitation dating from the Lower Palaeolithic (for a summary see Finkel 2020) but
has also been proposed at Cañaveral, an open air site in Spain (Ortiz Nieto-Márquez
and Baena Preysler 2017), and Qesem Cave in Israel (Boaretto et al. 2009; Verri et al.
2005). All authors note the high quality of flint that is extracted from the substrate,
particularly at Qesem where this raw material is prioritised for specific tool types. It is
also evident that quarrying poses a higher level of physical effort and encompasses the
cognitive ability to perceive the location of a resource that is not immediately obvious,
therefore it likely added stages to the collection process (Frahm et al. 2016). In this
way quarrying can be interpreted as a complex behaviour with different demands that
resulted in the acquisition of specific raw material resources. Therefore the image of
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quarrying is not synonymous with indiscriminate procurement and may not have
occurred as part of an embedded model, instead demonstrating task specific forays or
settlement strategies designed to access these primary deposits.
Selective behaviour has been observed at sites of high quality secondary raw material,
for example the targeting of fine grained Turonian nodules from river gravels at
Lynford Quarry in the UK (Craddock and Cowell 2009). Research has also
demonstrated that Neanderthals assessed raw material properties within allochthonous
deposits and were more likely to use pebbles of a standardised size, choosing those
with fewer flaws and appropriate flaking surfaces (Anoikin and Postnov 2005; Frahm
et al. 2016). It is likely that this selectivity was related to the role of the tool where
some stone types were more appropriate for different activities, for example the use of
quartz by Neanderthals in otherwise flint rich areas may have been linked to a specific
use (Moncel et al. 2008; Nieto Márquez and Baena Preysler 2017). As noted
Neanderthals used a variety of different stone types including smaller quantities of
volcanic rocks, such as phonolites, basalts and obsidian; it has been suggested that
these were selected due to their size and geological properties (Moncel et al. 2013;
Santagata et al. 2017).
These non-flint raw materials were commonly employed to in a specific manner, such
as discoidal flaking, implying the knowledge of the limitations or benefits of different
stone types (Ekshtain et al. 2016; Mathias et al. 2020). On the other hand the use of
supplementary lower quality raw material, for example macro crystalline quartz,
occurred frequently in areas where flint was uncommon locally (Aubry et al. 2015;
Kuhn 1995; Spinapolice 2012). This suggests an adaptive strategy where subsistence
needs could be met with local non-flint whilst logistical trips were organised to acquire
flint from sources in the wider region. The flexibility of Neanderthal populations to
anticipate and overcome raw material shortage is also demonstrated by their use of
other forms of material, for example bone tools (Soressi 2013), speleothems
(Doronicheva et al. 2016) and shell tools (Villa et al. 2020). In particular the presence
of shell tools at Grotta dei Moscerini, in Latium, which were found to be more common
in archaeological layers with low quantities of flint (Villa et al. 2020).
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3.7.3. Distance, Mobility and the Lithic Technocomplex
The technological composition of Middle Palaeolithic assemblages was affected by
source proximity, with evidence suggesting that when transfers were local all stages
of the Chaîne Opératoire were present (Dolores Garralda et al. 2014; Mathias et al.
2020; Moncel et al. 2013; Nieto Marquez and Baena Preysler 2017; Picin et al. 2020),
whereas with longer transfer the production of artefacts was fragmented across the
wider landscape. The ability of Neanderthals to organise their procurement strategies
to adapt to carrying stone from distant sources is important and demonstrates a degree
of behavioural flexibility, understanding of future need, and strategic reduction of
energetic cost (Geneste 1991, 1992; Meignen 2009; Turq et al. 2013). This
fragmentation process commonly involved adaptive strategies, such as de-cortification
(see Beck et al. 2002; Section 3.5.1 – 3.6), even in areas relatively rich in raw material
(Pleurdeau et al. 2016).
It also resulted in the presence of different types of artefacts, for example certain lithics
made by Neanderthals are often associated with longer transfer distances and have
been referred to as a ‘mobile toolkit’, for example discoidal and levallois
technocomplexes (Anoikin and Postnov 2005; Féblot-Augustins 1992, 2008;
Garefalakais et al. 2019; Geneste 1985; Mathias et al. 2020; Turq et al. 2017; Rolland
and Dibble 1990). These artefacts made on non-local raw material were almost always
recognisable tools, or flakes without cortex and regularly displayed high degrees of
retouch (Doronicheva et al. 2016), for example at the Spanish Middle Palaeolithic sites
of Teixoneres Cave and Jarama VI rock shelter all non-local rock entered the sites as
mobile artefacts or tools (Picin et al. 2020; Ruiz et al. 2020). Contrastingly Meignen
et al. (2009) suggests that Neanderthal mobile toolkits were actually more generalised
rather than containing tools with one specific purpose, in order to fulfil a spectrum of
needs or issues that might arise whilst moving through the landscape.
An inverse relationship is seen with expedient technologies, for example simple flake
tools and lack of prepared cores, which prevailed when plentiful local raw material
was available, for example at the Middle Palaeolithic cave occupations on the Gibraltar
coast (Shipton et al. 2013). The lack of conservation strategies in Neanderthal lithic
technologies are also observed in flint rich regions, such as the loessic areas of northern
France (Rolland and Dibble 1981; Rolland and Dibble 1990). This implies that when
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raw material conservation was not a priority and shorter transfers were undertaken
economic pressure was released and all stages of reduction were undertaken on site.
This confirms the importance of the proximate lithic landscape with regards to
technical organisation, as discussed in Section 3.5.1) and summarised by Andrefsky
(1994a. 1994b). It is particularly well illustrated by the substantial review of Danish
Middle Palaeolithic sites (n=442), conducted by Di Modica et al. (2016), which
concluded that a clear relationship existed between reduction intensity and increasing
proximity to raw material and that this factor accounted for the most variability in
assemblages, rather than others proposed, such as date of occupation.
Raw material transfers are strongly linked to Neanderthal group mobility, as the
location of sites and length of occupation, affected procurement organisation. It is
generally accepted that assemblages found at short term or site specific temporary
camps contained transported raw material often as part of a mobile tool kit, this
material may be of higher quality than the local lithologies. In these situations the use
of supplementary rocks from nearby the site is common, which is used in an
opportunistic, low investment, manner whilst in the area (Moncel et al. 2008; Matias
2016). This suggests that during short term occupations an efficient model of
procurement was used where quality material was brought with individuals and
activities were supported by the use of other forms of suitable rock allowing focus to
be attributed to tasks or activities rather than locating flint in the surrounding
landscape. At longer term occupation raw material tends to be brought into the site
from the surrounding landscape indicating a greater understanding or exploration of
regional geologies (Moncel et al. 2013). In these cases it is common for high quality
raw material to enter the site centrifugally (Turq et al. 2017), this is well demonstrated
at Abri Romani where raw material transfer distance differs in shorter (14-16km)
versus long occupations (>24km), with assemblages from sustained visits also made
on higher quality flint (Eixea et al. 2020). Overall these studies and observations
demonstrate that Neanderthals had the capability to adapt to variances in raw material
availability an inter-related the cost of both access and transport to sources, introducing
conservation strategies to counter scarcity and relaxing these in areas of abundance.
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3.8.

Conclusion

This chapter aimed to present the different behavioural and economic inferences
gleaned from studies of how hunter-gatherers collected raw material and how the
organisation of acquisition can be rationalised and interpreted. An appraisal of
procurement literature demonstrates that a simple model that equates cost to distance
is inappropriate and that other variables need to be considered. These variables relate
to environmental, biological and social factors, indicating that mobility, forager
subsistence, and landscape are closely linked. Research also suggests that interpreting
the life history of artefacts can be useful when determining source, for example the
reduction and curation sequences employed. These factors may demonstrate
movement through a landscape and specific organisational strategies aimed to
minimise cost to an individual. The manner in which transfer distance and mode of
acquisition is related to economic and social behaviours is summarised in this chapter.
Identifying the links between procurement organisation, distance travelled, and group
mobility is key to interpreting hunter-gatherer behaviour. Several trends exist in how
different variables influenced raw material acquisition, for example climate and
resource distribution. These patterns are useful to observe when using data from
provenancing studies to reconstruct hominin behaviour in a wider framework. The next
chapter details the analytical methodologies used in the archaeological and geological
case study.
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Chapter 4. The Methodological Approaches taken to Analyse
the Flint Artefacts and Geological Samples
4.1.

Introduction

This chapter presents the analytical techniques used in this project that were applied
to the geological and archaeological flint samples. It is located at this point to provide
background for the geological and archaeological case studies, which are presented in
Chapters 5 and 6. The techniques mentioned have been previously discussed in
Chapter 2, which contains a review of provenancing methods and an appraisal of
available techniques, pXRF in Section 2.12.4 and ICP-MS in Section 2.12.5 - 2.12.6.
It outlines how the scientific methods were selected based on the review of sourcing
literature presented in the second section of Chapter 2 and their suitability within the
research design. The characteristics used to macroscopically describe flint are detailed,
both generally and those specific to the archaeological artefacts where features, such
as weathering, and patina were recorded (expanding on the discussion in Section 2.8).
Technological analysis of the artefacts is also discussed due to the importance of
patterns in how raw material transfer can influence tool type and form, as proposed by
archaeological models in Chapter 3. The two geochemical profiling techniques
selected are then discussed in detail beginning with ICP-MS analysis of the geological
samples. This includes why this method was deemed appropriate, sample preparation,
analysis, and measurement conditions. Following this the analytical protocol applied
using pXRF is presented in the same manner, firstly the how the archaeological
samples were analysed and then the comparison of the pXRF and ICP-MS analysis of
the geological samples. All data discussed is located in the appendices, which are
found at the close of the thesis; ICP-MS data in Appendix I, pXRF data in Appendix
II, and the macroscopic recording in Appendix III. The chapter closes with a section
outlining how the data was analysed and the calibration procedure applied to the pXRF
results in order to improve their validity.
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4.2.

Visual Analysis of Flint

In most scientific studies macroscopic analysis is carried out prior to detailed analysis
(Chapter 2, Section 2.8). The fundamental goals of macroscopic observation are to
compare and contrast different types of flint and to link these to geological outcrops.
Several drawbacks of this technique have been noted, for example variation in colour
within an outcrop (Andreeva et al. 2014; Newlander and Lin 2017). However, it
remains a practical and rapid means of appraising flint in order to inform the analysis
of an assemblage. The goal of visual analysis in this study is three-fold; to assess colour
and hue, which may reflect a shared geological source; estimate the extent of visible
patina and weathering, as these can affect geochemical analysis; and to record features
that evidence the depositional environment of the raw material. Here it is also relevant
in combination with the geochemical results to assess the relationship between
macroscopic features and elemental profiles, for example whether visual similarities
in artefact groups are reflected geochemically as this is not always the case. Visual
examination formed the first stage of analysis in both the geological and archaeological
case study and was conducted on a total of 49 geological samples (Chapter 5; Section
5.4; Appendix I) and 538 flint artefacts (Chapter 6; Section 6.5.1; Appendices II and
III). Steps were taken to address concerns raised in the literature review, for example
the subjectivity of the analyst (Chapter 2, Section 2.8; Table 3) .

Visual assessment included commonly recorded features (Brandl et al. 2015; Brandl
2013) such as flint colour, texture, qualities of cortex, inclusions, macro-microfossils
and any weathering seen on the flint samples and artefacts. In order to address issues
of standardisation raised in the literature review flint colour was recorded using a
Munsell Colour Chart, which provided three attributes, the general colour or hue, a
value reflecting lightness or darkness of the colour, and a chroma indicating its
intensity, as recommended by Crandell (2005). The Munsell code recorded refers to
the colour of the main body of the flint nodule or artefact, which was designated
qualitatively at approximately >50% of the exposed flint surface. Inclusions visible
within the flint matrix were recorded separately, with a focus on whether they
represented areas that would influence rock geochemistry, for example calcareous or
ferruginous inclusions. This differentiation was made based on the colour and texture
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of the inclusions present. In this stage of visual analysis presence and qualities of
cortex were recorded including any signs of weathering or staining. The variation in
flint granularity was conducted by eye, however the vast majority of Upper Cretaceous
samples were fine grained with coarser grained material rare but distinct. Reference
photographs were taken of both the artefacts and geological samples in the laboratory
and the macroscopic analysis was recorded (Figure 13).

Figure 13: The flint nodules were analysed macroscopically using a Munsell Colour Chart. The
inclusions highlighted form <50% of the flint nodule therefore the main colour is designated as very
dark grey and the inclusions as lighter grey.

4.2.1. Genetic and Gitologic Type
As part of the visual methodology when possible the archaeological artefacts were
assigned a genetic or gitological type, indicating whether they derived from a primary
or secondary flint source (Chapter 2, Section 2.9.2). This process was not carried out
for the geological samples as they were extracted directly from chalk bedrock. The
importance of defining whether raw material has been taken from its primary chalk
source or collected at a secondary deposit, such as a riverbed or relic beach, is widely
discussed in palaeolithic provenancing studies (Fernandes et al. 2007; Fernandes and
Raynal 2006; Geneste 1992; Kuhn 1995). Understanding these qualities of the original
acquisition point supports the development of hypotheses regarding hominin
procurement, mobility and lithic technocomplex, whilst also complimenting the use of
other analytical techniques. Therefore, an appraisal of features noted in Chapter 2
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(Section 2.8.2), for example weathering, silica re-distribution, and condition of cortex,
was carried out for each artefact. This was undertaken macroscopically prior to the
geochemical analysis, and any useful features (Figures 14 and 15) were recorded in
the core Excel database. At this point assessment of patina was also conducted, and
those artefacts that were deemed too patinated or weathered were not analysed by
geochemical analysis in order to avoid issues of contamination.

Although microscopic analysis has been carried out to suggest qualities of the original
lithic source, this is most commonly supported using a reference collection of
geological samples, which were not available in this context (Fernandes et al. 2007).
The proposed sources for flint from La Cotte de St. Brelade (Callow 1986d) are clearly
defined as marine, riverine, or primary bedrock, as these processes leave specific
signatures, for example fluvial environments can cause conchoidal fracturing
(Fernandes et al. 2007). At this stage a visual methodology was suitable to achieve this
resolution providing data to compare with the macroscopic, technological, and
geochemical analysis.

Figure 14: A natural flint nodule taken directly from the chalk bedrock at Peacehaven, East Sussex. This
sample demonstrates features used to indicate a primary flint source, for example the lack fresh chalky
condition of the cortex. The cortex is also thin and lacks weathering, a feature that suggests it has not
undergone any weathering by environmental processes. The nodule is also relatively large and lacks the
thicker rounded cortex found on pebble flint associated with secondary deposits. There is no evidence
of silica redistribution or battering suggestive of marine or fluvial action, the evidence of conchoidal
fracture is related to its reduction by the author as part of the geological sampling process.
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Figure 15: An unworked flint pebble found on in the littoral zone at Swanage, Dorset. This sample
originated from the Cretaceous deposits at Ballard’s Cliff but was eroded from the cliff by wave action.
It’s condition suggests that it had been part of the rocky beach for some time. This pebble provides a
good example of flint from a secondary marine context, it has well rounded edges and smooth cortex,
C is a close up of remnant chalky cortex, which is preserved in natural indents of the stone. Marine
action is demonstrated by crushing to the edges of the sample, as shown by B. Sub-image A records
evidence of damage resulting in small round-oval structures on the flint surface, this has been observed
by the author in other flint found in beach contexts. This sample demonstrates features that were used
to define flint from a marine or fluvial context in the archaeological analysis.
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4.2.2. Technological Analysis
Transfer distance and raw material abundance have predictable effects on the lithic
techno-complex used by hominin populations, for example the scarcity of stone within
a landscape may prompt economical behaviour (Binford 1979; Chapter 3, Section
3.5.1). Certain artefact types, for example levallois and bifacial tools, have also been
associated with longer foraging trips and increased mobility, suggesting the use of nonlocal resources (Goodyear 1979; Kelly 1988). In this study technological analysis
therefore focused on identifying features found on stone artefacts that may provide
evidence of the economic reactions of foragers to different raw material sources, for
example retouch and rejuvenation.
It also sought to identify any specific tool types present that could be linked with
extended foraging trips or those often found made on local raw material. This provided
an additional means of proposing the location of flint acquisition concurrent with the
artefact-centred focus of the archaeological analysis. Traditional typological
frameworks to classify Middle Pleistocene stone tools exist, perhaps most famously
the typology developed by François Bordes (1950). The Bordes typology was initially
used by Paul Callow (1986a; 1986) to categorise the lithic artefacts from La Cotte de
St. Brelade that were analysed in this study. However, the assemblages appear
relatively atypical for the Middle Pleistocene and fit more closely with a group of Early
Middle Palaeolithic sites in north western France where retouched tools are rarely
found (Delagnes and Rendu 2011). This reduces the utility of the traditional typology;
therefore, the assemblages were re-analysed as part of this methodology.
Decisions regarding the technological classification made by the author were based on
extensive experience as a lithic analyst (BSc, MSc specialising in lithic technology)
including time spent employed by the British Museum and Jersey Heritage to curate
and document stone artefacts. Advice was also sought from Dr Andrew Shaw a
colleague familiar with the La Cotte de St. Brelade lithics who the author worked with
on the ‘McBurney Archive Re-organisation Project’. The technological data created
by Paul Callow (1986b) and Dr Andrew Shaw (Shaw et al. 2016) was available for
comparative purposes and artefacts were recorded by type, for example core, scraper,
or flake. The presence of retouch was also noted and any formal tools that displayed
comparatively unusual signs of rejuvenation or curation were noted. This level of
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analysis was deemed appropriate as the fundamental goal of this recording was not to
provide a technological re-appraisal of the assemblage but to enhance the proposal of
source use with artefactual data (Chapter 6; Section 6.6).

4.3.

Solution ICP-MS Analysis of Geological Samples

Solution ICP-MS was selected as an appropriate geochemical technique to analyse the
geological flint samples. The use of ICP-MS in flint sourcing studies is widespread
(Chapter 2 section 2.12.5 – 2.12.6), this is due to its ability to detect a wide range of
elements in low quantities below PPB (Pollard et al. 2007, p. 195; Pollard and Heron
2008; Chapter 2, Section 2.12.5). This is often cited as a reason for using ICP-MS in
geological profiling studies of flint, for example Rockman (2003c) references HabichMauche et al. (2002 (2002) when explaining their decision to use solution ICP-MS, as
it can achieves accurate and precise data Similarly, Finkel et al. (2019) deliberately
choose ICP-MS over LA-ICP-MS as it is thought to provide a more robust dataset for
wider comparison. It also has advantages over other destructive techniques, such as
INAA because it does not irradiate artefacts (Chapter 2, Section 2.12.2). Although it
is a destructive technique, by homogenising samples solution ICP-MS provides data
that is more representative of whole rock geochemistry, thus addressing the influence
of elemental variability, which can affect spot or surface techniques (Chapter 2,
Section 2.13.9.1). This was considered a key advantage when generating the
geochemical profile of the geological samples and a reason that ICP-MS was chosen
over other techniques.
ICP-MS analysis was undertaken in January 2018 (10/01/2018-18/01/2018) at the
National Oceanography Centre (NOC), affiliated with the University of Southampton,
under the guidance of Dr Matthew Cooper a Senior Research Fellow within the Ocean
and Earth Science department. Sample preparation and analysis were both carried out
in the clean chemistry laboratory at the NOC. In order to work out an appropriate
protocol for flint geochemistry two pilot samples were analysed at Royal Holloway
University of London and the National Oceanographic Centre in Southampton. The
results of these analyses further demonstrated the suitability of the ICP-MS technique
for calculating flint geochemistry, as they provided elemental concentrations within
the expected parameters based on published data (Table 1).
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4.3.1. Sample Preparation
The first stage of sample preparation for ICP-MS analysis was carried out in the clean
area of the Wolfson Archaeological Laboratories at the Institute of Archaeology,
University College London over a two week period. This process reduced the large
nodules of flint to a fine powder, which was required for the acid digestion prior to the
ICP-MS procedure. Due to the sensitivity of ICP-MS contamination is a considerable
issue (Thomas 2013, p. 145), therefore steps were taken to prevent this, for example
the use of plastic tools where possible. The method below describes the preparation of
the individual nodules, after each sample was processed the area was cleaned, and
equipment sterilised with Industrially Methylated Spirit (IMS). Firstly, the nodules
were removed from their initial storage bags, cleaned for a second time using deionised water, and left to air dry on sample preparation trays covered in sterile paper.
The clean nodules were then placed into large plastic bags and were reduced into
smaller fragments using a geological hammer, protective eye wear and gloves were
worn during this process. In order to minimise metallic contamination from the
geological hammer the nodules were struck whilst in their plastic bags and covered
with a protective layer of thick card ensuring no direct contact between sample and
hammer, this method was successfully used by Rockman (2003c). At this point the
reduced samples were returned to the sterile trays and flakes that were weathered or
retained cortex were removed from the sample using plastic tweezers, which had been
sterilised using IMS. This process ensured that the flint material submitted for ICPMS analysis was reflective of the inner clean portion of the nodule. The sample was
then further reduced in the same manner until it became small enough to process
further.
When sufficiently reduced the remaining flint fragments were placed into an agate pot
with five agate balls, which had previously been treated with IMS. The pot was then
secured in the Retsch 200 ball mill and samples were ground for 5 minutes at 450 rpm.
The decision to use agate pots was taken on advice from Dr Matt Cooper and to avoid
the risk of contamination via metallic elements, such as Ti/Co which can occur when
using Tungsten Carbide containers (Thomas 2013, p. 145). Despite this it was noted
that agate has a similar hardness to flint (Mohs 7) and the agate pots were regularly
assessed to monitor any alteration that may have indicated contamination. As no
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damage was observed throughout the sample grinding it is unlikely that the samples
were affected by the composition of agate, which is also mineralogically pure barring
varieties with distinctive visual colouring (Götze et al. 2001). Once powdered the flint
samples were transferred to a previously unused glass vial using sterilised paper as a
funnel. These vials were then labelled, and samples were secured for transport in a
plastic container. Approximately 20mg of flint powder was retained from the larger
nodules in order to present a homogenised sample representative of whole rock
geochemistry and to provide enough material for potential future analyses.

4.3.2. Sample Digestion and Analysis
The prepared flint samples were weighed and 0.01g of powdered flint was transferred
into chemically inert heat resistant containers in the sample preparation area of the
clean chemistry laboratory. The samples were then subject to the acid digestion
procedure, which occurred in several stages. Firstly, the samples were treated with
aqua regia (HNO₃+3 HCl at a ratio of 1:3) in order to oxidise any organic compounds
and left overnight. The samples were then dried to evaporation on a hot plate in a fume
cupboard at a standard temperature 130 °C for 3 hours. Once the aqua regia evaporated
6 M sub boiled HCL was added to the samples to begin the digestion process. This
process was repeated, and samples were left to fully evaporate. After this stage the
samples were treated with HF in order to break down the SiO2 structure of the flint,
the addition of HF was carried out by Dr Matthew Cooper as it is a highly corrosive
chemical compound. The HF was then evaporated in the fume cupboard in order to
permit measurement of Ca, K, Mg and Na. The final treated powdered samples were
transferred to vials and 3% HNO3 was added to the top line, they were then placed in
the laboratory before being submitted to the detector. The final stage of ICP-MS
analysis was carried out by Dr Matthew Cooper using a Thermo Fisher XSeries 2
quadrapole ICP-MS calibrated using synthetic standards made from single element
ICP-MS samples.

4.3.3. Measurement Conditions
The percentage relative standard deviation (%RSD) of each measurement was
calculated as the average of a number of replicates carried out by the instrument.
Measuring the %RSD is calculated as a ratio of the standard deviation to the mean and
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represents the dispersion of a probability distribution. The LODs of the analysis were
measured using the average + 3x the standard deviation of a series of blank
measurements, these blank measurements also determined any background noise that
occurred during detection. Dr Matt Cooper monitored the performance of the device
using internal standards, which were made to reflect the range of elements in flint the
results of the monitoring of measurement conditions are presented in Chapter 5, the
geological case study.

4.4.

pXRF Analysis of the Archaeological Samples

As detailed in Chapter 2 (Section 2.12.4) pXRF is a handheld device that can generate
geochemical data via the measurement of x-ray interaction between the surface of an
artefact and detector. It functions in the same manner as traditional XRF, but the
technology is miniaturised and conducted outside a vacuum. These factors, alongside
several others (Figure 8) limit the elements that can be accurately detected reducing
the efficiency of the device. This is a particular consideration for materials that contain
relatively low proportions of elements, for example flint. Amongst the archaeological
science community, the limitations of pXRF have led to extensive debate about its use
for geochemical profiling (Frahm 2013a; Speakman and Steven Shackley 2013).
However, recent years have seen considerable developments in pXRF technology (see
Chapter 2 Section 2.12.4) and a significant proportion of new research is focused on
improving its functionality (Frahm and Doonan 2013; Newlander and Lin 2017).
Particular progress has been made where pXRF is integrated into wider research
methodologies with Frahm and Doonan (2013, p. 1426) suggesting that ‘technique
combines with research context, rather than sits in isolation, to create validity’.
Despite concerns, pXRF was chosen as the main geochemical technique for analysing
archaeological artefacts. This decision was primarily based on key positive attributes
of the technique, for example it is non-destructive and portable. As the archaeological
component of this thesis is designed to analyse a large selection of artefacts from three
specific time periods a destructive technique was deemed inappropriate. The lithic
collection is also housed in Jersey, Channel Islands, therefore the geochemical
profiling tool needed to be portable. This also introduced a time limitation as artefact
analysis took place over three museum sessions, therefore pXRF ensured the desired
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quantity of lithics could be studied. The literature review presented in Chapter 2
demonstrated the potential of using multiple techniques, therefore the pXRF results of
the archaeological analysis was integrated with the macroscopic and technological
data. This supported the geochemical analysis by observing other features that may
contribute towards the understanding of different geological sources.
Furthermore, due to technological improvements and its potential for widespread
application pXRF is rapidly becoming a popular tool to analyse flint artefacts (see
Eixea et al. 2014; Newlander and Lin 2017). Therefore, due to its clear future potential
this research also seeks to contribute to the methodological development of flint
provenancing studies that employ pXRF. The reason for selecting pXRF as an
analytical tool are further outlined in Chapter 2 (Section 2.12.4) but also discussed in
the introduction to this thesis and the archaeological cast study (Chapter 5). In
summary, although other techniques, such as LA ICP-MS, may have provided more
accurate and precise results the use of a non-portable technique, even if minimally
destructive, was not compatible with the research design. It may be considered for
future targeted sampling of raw material groups but was inappropriate for the initial
analysis of the substantial assemblages.
4.4.1. Sample preparation
The preparation of lithic artefacts for pXRF analysis was minimal due to the nondestructive application of the device. Artefacts were removed from their individual
plastic bags and gently washed with de-ionised water in order to remove any
contamination from previous handling or sediment adhering to the surface. Although
several studies suggest that artefacts should be cleaned in an ultrasonic bath (see
Campbell and Healey 2016) this was not possible at the time of analysis due to concern
that important contextual information marked in the 1960-70s would be removed. The
lithics were then placed on clean foam sheets and allowed to air dry. After washing
the artefacts were handled minimally without touching the surface designated for
analysis in order to minimise risk of further contamination.
4.4.2. Analytical Procedure
Irradiation of the lithics was carried out using an Olympus Innov-X Delta Premium
pXRF device equipped with a miniature x-ray tube (40 kV) and advanced silicon drift
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detector, using a Rh source and 2mm Al filter. All analyses were carried out using the
same pXRF instrument (Machine 2), in order to maximise comparability between data
as it has been noted that measurements can vary considerably between devices (see
Brand and Brand 2014). A modification of the manufacturers ‘Soil’ mode was used
was used for initial analysis as it is designed for analysing trace elements in a silicadominated matrix and thus was the best suited of the several modes available on the
Olympus Innov-X pXRF device that was used for the analysis (Hall et al. 2014;
Lemière et al. 2018). Although Soil UCL is based on the existing factory setting
provided by Olympus it was adapted by the manufacturers on request by UCL and
calibrated using nine powdered geological reference materials for 30 major, minor,
and trace elements As, Ag, Au, Ba, Bi, Ca, Cd, Ce, Cl, Co, Cu, Fe, Hg, K, La, Mn, Ni,
P, Pb, Rb, S, Sb, Sn, Sr, Ti, V, Y, Zn and Zr using three beams, Beam 1 with a 0.15mm
Cu filter at 40 KeV, Beam 2 with a 2mm Al filter at 40 KeV, and Beam 3 with a 0.1mm
Al filter at 15 KeV. The soil mode provided by Olympus uses an inbuilt Compton
normalisation algorithm in order to improve detection at these low levels and minimise
issues with surface irregularity (Conrey et al. 2014; Olympus 2015, p. 101).
Provenancing studies that use pXRF have also employed the Mining mode (see
Campbell and Healey 2016) however it is better suited to rock with elements present
in greater quantities (>1000 ppm), for example obsidian. Frahm (2014) also suggests
that after calibration the difference between Soil and Mining mode is minimal.
However, the performance of the Soil mode was evaluated using CRMs NIST 610,
612, and 614 (discussed in Chapter 2, Section 2.12.4.1), and was found to generate
results with a significant percentage error, despite the further calibration of the factory
setting performed by Olympus on the Soil mode. In order to improve data quality the
decision was taken to investigate options for calibrating the pXRF in-house. It was not
possible to apply an empirical calibration as currently there are not enough matrixmatched CRMs that contain appropriate the appropriate range and abundance of trace
elements for flint. Therefore a bespoke calibration for archaeological analysis was
created in collaboration between UCL and independent pXRF specialist Detlef Wilke.
This calibration was designed to detect 15 elements (Ca, Co, Cu, Fe, Ga, K, Mn, Nb,
Pb, Rb, Sr, Ti, Y, Zn and Zr), which include those found significant in flint
provenancing studies, for example Ca and Fe, but also are relevant for other
archaeological materials, such as ceramics. The calibration is based on reference
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materials composed of homogenised fired clay spiked with concentrations of Ti, Fe,
Ga, Rb, Sr, Y, Zr and Nb. The concentrations of these elements were authenticated
using CRMs and chosen specifically to improve accuracy of the mid-Z elements in
aluminosilicate matrices (Wilke et al. 2017). The calibration was developed in 2016
(see Wilke et al. 2016) and has been used in a number of pXRF studies, for example
Burton et al. (2019).
Although the calibration was designed for analysing archaeological ceramics it was
deemed suitable for application to pXRF data generated from flint artefacts due to the
high content of silica in flint (>90%) and the importance of trace elements deriving
from clay minerals for flint sourcing (Wilke 2017). In the future it would be beneficial
to focus on the development of a calibration that is specific to flint, which may be
achieved using the geological samples collected during this case study, unfortunately
this was not possible within the scope of this project but represents a significant future
step. The calibration requires pXRF data to be collected in UCL Soil mode using beam
2 for an analysis time of 120 seconds. Beam 2 operates at 40 kV with 10uA in filter
position 1, this is ideal for measuring K to Nb in 120 seconds. After the data is
generated it is then exported from the device as spectra and deconvoluted using Bruker
ARTAX software, allowing for the correction of Fe absorption/ enhancement for each
element. This process enables the data to be corrected to the Rayleigh Scatter peak
adjusting for any uneven surfaces present on the lithics analysed. It is also able to
correct for spectral interferences, for example Rb Kß/Y Kα, Y, Kß/Nb Kα and Sr Kß/Zr
Kα.
The performance of the UCL Ceramics 1 pXRF calibration for the 15 recorded
elements (Ca, Co, Cu, Fe, Ga, K, Mn, Nb, Pb, Rb, Sr, Ti, Y, Zn and Zr) was initially
determined by via in-house tests using available glass standards (Table 5) and
compared to results generated using the Compton normalised UCL Soil Mode. These
CRMs were selected due to their high silica content and presence of trace elements
present within the range found in flint. The solid CRMs were placed directly over the
pXRF window using the flex stand and analysed 5 times with the machine in Soil
Mode using beam II for 120 seconds live time. The data was exported as both counts
and spectra. The spectra was then deconvoluted and calibrated as per method above.
The averages of the 5 measurements taken both by Soil UCL and UCL Cal Ceramics
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1 were compared to certified values for the standards analysed (Table 5) and accuracy
was calculated as a percentage relative difference using the formula (measuredcertified)/ certified*100. The analysis suggested that UCL Cal Ceramics 1 calibration
produces acceptable results, improving data generated by UCL Soil Mode for Ti, Fe,
Zn, Rb and to a lesser extent Zr.
The calibration marginally reduces the accuracy of Sr; however, it is still within a
satisfactory range (see Hall et al. 2014). Perhaps most significantly the application of
UCL Cal Ceramics 1 provided additional elemental data, for example readings for Ca,
which were not provided by UCL Soil. It also enabled the consistent quantification of
elements that were previously below the LOD, such as Rb. This is likely due to the
correction for spectral interference at the Rayleigh Scatter Peak, which can prompt the
pXRF technology to deem readings below the LOD (Olympus 2015). The
improvement in data quality led to the decision to adopt the calibration protocol, which
is also discussed later in terms of accuracy based on geological secondary standards
(Section 4.4.3).
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Table 5: A initial comparison of the percentage error for UCL Soil mode and UCL Cal Ceramics 1 (italics). Where the application of the calibration has improved
accuracy, the calibrated readings are highlighted in green, whereas when accuracy decreased the Figure is presented in red. Several accuracies could not be
compared due to the elements being present below the limit of detection (LOD) in the original uncalibrated data, however the accuracy for UCL Cal 1 is still
presented due to the calibrated data rendering the data present at detectable amounts. The data for Ca, Ga, K, and Nb are not compared because these are either not
detected by the pXRF in UCL Soil mode (Ca, Ga, and Nb) or the data is presented inconsistently. Key for standards NIST 610 = National Institute of Standards
and Technology (NIST) Trace Elements in Glass; NIST 612 = NIST Trace Elements in Glass; NIST 614 = NIST Trace elements in Glass; NIST 1412 = NIST
Multicomponent Glass; SGT 4 = Society of Glass Technology (SGT) Fluoride Opal Glass; SGT 7 = SGT Soda-Lime-Silica X-ray Disc; SGT 11 = SGT SodaLime-Silica Container Glass; Standarglas I = HV Deutschen Glasindustrie Kalk-Natron-Glas; Standardglas 2 = HV Deutschen Glasindustri Kalk-Natron-Glas;
DLH1 = Ian Freestone High Lead Glass; DLH2 = Ian Freestone High Lead Glass.

142

Analyses were conducted with the pXRF device mounted in a ‘Flex Stand’ with a leadlined box in which small samples can be safely analysed without the need to hold the
machine (Figure 18). The device is connected to a computer and operated on screen
using the software Everywan. The artefacts were placed in a lead lined box flush to
the 20mm detection window (Figure 16). This allowed for the precise analysis of a
specific surface of the lithic whilst minimising any loss of data due to distance from
the detector (Liritzis and Zacharias 2011). The use of a lead lined box for analysis also
reduced user exposure to any radiation and was tested using a Geiger counter. Suitable
flat unmarked surfaces were selected on the lithics aiming to reduce issues identified
in the literature review, for example patina, weathering and irregular surface structure
(see Grave et al. 2012). Artefacts were also analysed at the thickest point and no
readings were taken on areas <2mm in width as this can produce inaccurate results due
to penetration depth (Campbell and Healey 2016; Davis et al. 1998). These areas were
analysed 2-4 times, depending on the size of the artefact to investigate and account for
sample heterogeneity and granularity (Potts et al. 1997a; Rowe et al. 2012). The
artefact number and any comments about the reading were recorded in an excel
spreadsheet during analysis. Analyses were carried out using Beam II of the pXRF set
to operate for a total live time of 120s at 40kV in order to collect one full spectrum of
data. In order to detect elements that occurred in low abundances in the >90% silica
samples an analysis time of 120 seconds live time was chosen.
A calibration check was completed at the beginning of analysis and subsequently every
four hours, as per advice in the user manual (Olympus 2015, p. 126). Although
Olympus do not provide guidelines on instrument warm up (Olympus 2015) the advice
of Campbell and Healey (2016) was followed and the instrument was allowed to warm
up for a minimum of 5 minutes before the start of analysis. In future the warmup time
may be extended up to an hour to achieve maximum stability of the device, however
precision readings taken at the beginning end of the analyses were consistent. In order
to minimise the effect of battery inconsistency, two lithium ion batteries were rotated
throughout the analysis and switched before reaching low battery status (see Brand
and Brand 2014; Chang and Yang 2012). Battery mode was used on advice of Dr
Patrick Quinn but notably introduces another variable to the analyses and its use may
be reconsidered for future museum analysis.
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Data quality was assessed by the repeat analysis of CRMs NIST 610, 612 and 614, at
the beginning, middle, and end of analysis (presented in Chapter 6, Section 6.5.2). The
reproducibility of data was monitored by the analysis of NIST 610, ten times per
museum session (presented in Chapter 6, Section 6.5.2). Reproducibility was
calculated by the relative standard deviation of the repeated measurements (SD/Mean
x100). The final data were exported as both net counts and spectra, providing two sets
of readings. The results were combined with the excel spreadsheet and multiple
readings per artefact were averaged to create an overall geochemical signature for each
artefact.

Figure 16: An example of a geological piece of flint, with the flat surface flush to the pXRF detector,
which demonstrates how the archaeological artefacts were analysed.
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Figure 17: A: The UCL pXRF device mounted in the flex stand. B: The pXRF device with the lead lined chamber attached, all analyses were carried
out using this set up in order to ensure analyst safety and ensure the selected surface was analysed.
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4.4.3. Measurement Conditions
Regular monitoring and transparent reporting of the accuracy of pXRF data is
fundamental both to addressing concerns regarding the technique and the selection of
specific elements for further analysis, for example via multivariate statistics. Although
accuracy can be defined as how effectively the data generated is integrated within the
archaeological or geological context of a specific research project (see Frahm 2012),
it remains important to report the performance of the pXRF device, particularly in light
of future methodological development. Traditionally accuracy is monitored by the
repeat analysis of certified reference materials (CRMs) that are made from a similar
matrix to the sample being analysed and contain elements known to be found in the
material, in relevant concentrations. However, reporting the accuracy when analysing
flint is more complex, this is in part due to the lack of flint-specific CRMs (as discussed
in Chapter 2, Section 2.13.4.1). It is also linked to the shortage of published
geochemical data that has been generated on flint, meaning that the type and range of
elements present are not well understood. It is expected that pXRF accuracy may be
poor for certain elements in relation to the low sensitivity of the technique. This is
compounded by the presence of non-silica elements in trace quantities in flint, which
may be present at levels below the LOD. These are fundamental issues of pXRF
analysis of flint artefacts and understanding the strengths and weaknesses of the
technology is key.
Therefore, in order to assess the accuracy of pXRF performance throughout this
research project a two-fold approach was taken. Firstly, the calibrated pXRF data was
compared to certified values from three CRMs NIST 610, 612 and 614, which are
regularly used in the compositional analysis of flint (Brandl et al. 2014; Gurova et al.
2016; Pettit et al. 2012; Speer 2014). These CRMs are suitable due to their
compositional similarity to flint as they contain a range of trace elements within a silica
matrix. Although one flint specific CRM exists, JCH-1, produced by the Japanese
Geological Survey, it was not possible to purchase at this time and is not widely used
in the literature (Imai 1996). All three CRMs used are technically designed for
monitoring the accuracy of the analysis of glass however were deemed suitable due to
their widespread use and appropriate trace element content; 610 contains trace
elements in quantities of c.500 ppm; 612, c. 50 ppm; and 614 < 45 ppm.
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These CRMs were routinely analysed at the beginning, middle and end of each session
of analysis in the museum, usually over the course of a 6-hour period. The data was
then calibrated, and the average of these readings was calculated for each element
available in the calibration before being compared to the certified values provided by
NIST. In the case of no available NIST certified value for CRMs NIST 610 and 612
data was supplemented from Pearce et al. (1997) who combined published and new
compositional data from 5 separate laboratories to provide additional certified values
(no data for 614). Accuracy was based on the percentage error from the certified value,
which was calculated using the formula (certified value-measured value/ certified
value * 100) and is presented in Chapter 6 alongside the archaeological case study. To
evaluate their relevance the accuracies calculated using the NIST CRMs were also
compared with the element ranges found in flint as indicated by the ICP-MS analysis,
for example the device may provide very accurate data for Zr at concentrations of 40
ppm, but the ICP-MS presented in Chapter 5 data suggests that it is only present in
flint between 0.5 – 2.9 ppm.
Secondly the pXRF device was employed to analyse the powdered geological samples
that were submitted for ICP-MS analysis. As ICP-MS can detect elements accurately
at low quantities (<1 ppm) the geological samples were treated as ‘secondary
standards’ and the comparison of the two datasets was used as another means to assess
pXRF accuracy. This process was particularly important as it is desirable to calculate
accuracy using more than three CRMs. The analysis was carried out on samples of the
homogenised powdered flint, which were prepared for the ICP-MS procedure (Section
4.4.1). The powdered flint for each geological sample was put into cuvettes c. 3cm,
which were covered with a 4-micron prolene film, they were placed flush to the pXRF
detection window with the device in the flex stand. The pXRF analysis was then
carried out as per the methodology and the data was recalibrated using the in-house
calibration. The pXRF data of the geological samples also provided a means of
comparing the pXRF and ICP-MS data. The aim of this process was to assess the
integrity of pXRF technology to analyse flint samples in relation to the ICP-MS data.
In the developing field of flint provenancing this type of comparative data is
fundamental in establishing the suitability of different analytical tools, particularly in
view of designing methodologies to study artefacts non-destructively (for example
Hughes et al. 2011). The results of both the accuracy based on geological samples and
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the comparison between pXRF and ICP-MS are presented in the final section of
Chapter 4.

4.5.

Statistical Treatment of the Data

Decisions regarding the statistical treatment of the data collected were made based on
observations in published raw material studies, reviewed in Chapter 2. Qualitative or
observational features were discussed using descriptive statistics, for example the
relative proportions of different visual types and lithic artefacts were presented by their
quantities, either in percentage or numerical form. Descriptive statistics were also
carried out on the geological and archaeological elemental data, presenting the
minimum, maximum, average, standard deviation and coefficient of variation for each
element. The elemental data from the ICP-MS of geological samples and the pXRF of
archaeological artefacts was also subject to multivariate statistics. Multivariate
statistics, in particular Principal Component Analysis (PCA) and Hierarchical Cluster
Analysis (HCA), are commonly used to interpret elemental data in flint sourcing
studies (Andreeva et al. 2014; Fiers et al. 2018; Gauthier et al. 2012; Glascock and
Neff 2003a; Roldán et al. 2015; Sánchez De la Torre et al. 2019a; Sánchez de la Torre
et al. 2019b). Here PCA was used in both the geological and archaeological case
studies based on its ability to create a visual representation of the relationships between
elements, which may be interpreted in light of potential flint sources (Orton and
Hughes 2013, p. 176-177). These methods of analysis were selected due to their
widespread use in sourcing studies, however in future other types of statistical
classification may be applied to this data, for example Random Forest.
By using PCA a large amount of variables (elements) can be compared by applying a
correlation matrix to extract components, which are then rotated, and presented in
geometric space (Orton and Hughes 2013, p. 176-177; Tabachnick and Fidell 2007, p.
582-583). In the case of PCA the resulting components, usually two components, can
then be used to create scatterplots, which present any patterns or correlations amongst
the elements included as variables. The application of the process is described in
Chapters 5 and 6, and the relationships between the data points on the scatterplots were
explored using the observational data collected, for example flint colour, sample
location or artefact type. During the process of PCA a factor plot was also generated,
which visually shows the effects of individual elements of the extracted components,
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for example elements may have a positive or negative effect. These plots were used to
determine useful elements for further comparison using bivariate plots, which require
the comparison of two elements that do not correlate together. Therefore in both case
studies bivariate plots were generated using two elements, one that strongly effects
PC1 and another that influences PC2.
4.6.

Conclusion

This chapter aims to provide the reader with detail regarding the analytical methods
used in this thesis, including why they were chosen and their implementation. It
contains a detailed account of the reasoning behind the choice of geochemical
techniques, which were first introduced in the review of sourcing methods found in
Chapter 2 (Section 2.12.4 and 2.12.5 – 6). The process of macroscopic recording is
also revisited and how the technological decisions were made regarding the artefact
assemblages. There is a particular focus on the assessment of pXRF data quality and
how this was measured and reported, this is in response to the critique of pXRF found
in Chapter 2 and provides further clarity on why this method was used despite some
technological challenges. The placement of Chapter 4 prior to Chapters 5 and 6 is
necessary to form a foundation for the case studies and provide a reference point for
the detailed methodological processes. These techniques were carried out successfully
due to the observation of potential issues highlighted both here and in Chapter 2, for
example the measures to reduce contamination during sample preparation for ICP-.
The implementation of the methods can be found in Chapters 5 and 6, and both are
referred to again in the discussion of Chapter 7. The following Chapter 5 contains the
geological case study, it is located here as the results of the geochemical analysis of
geological material are important for the interpretation of the archaeological data in
Chapter 6. Overall the methods chosen were employed successfully and form an
essential part of this thesis both providing significant geochemical data on the flint
sampled.
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Chapter 5. The Geochemical Profile of Upper Cretaceous Flint:
Variation and Elemental Content
5.1.

Introduction

The geological case study is covered below in Chapter 5, and was first introduced in
Chapter 1, Section 1.7. This chapter is located centrally to the thesis after the
discussion of key themes and concepts relating to flint geochemistry in Chapter 2 and
Chapter 4. It is also presented before Chapter 6 as the results of the analysis are central
to the proposal of sources used in Section 6.5.5. This geological case study is designed
to address key criteria identified in the literature review, which impacted the success
and feasibility of provenancing studies, for example the geographic variation in flint
geochemistry. The geochemical data generated is also employed to assess the
performance of pXRF as an elemental profiling technique, providing a clearer
understanding of its potential for characterising the chemical composition of different
flint. It is focused on samples of geological flint collected from outcrops of Upper
Cretaceous chalk in the UK, which have been analysed using the geochemical profiling
technique ICP-MS. The results of this analysis provide an accurate dataset that
includes the elemental content of Upper Cretaceous flint and variation observed both
within and between different geological provinces. This builds on previous studies
focused on the geochemical profile of UK flint conducted in the 1970-80s (Aspinall
and Feather 1972; Craddock 1983; Sieveking 1972) but presents data analysed with a
more sensitive technique.
In this way it improves the widespread understanding of the geochemical profile of
Upper Cretaceous flint and the potential for the identification of distinct flint sources
via their geochemistry. Through multivariate statistics it identifies elements that have
high potential for separating geological sources that may be focused on in future when
analysing artefacts. It also serves a comparative purpose, presenting an accurate profile
of flint geochemistry, which can be compared to other techniques. This is an important
consideration for the overall project as it provides a further assessment of pXRF
accuracy and limits of detection, as the geological samples were analysed using both
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techniques. In this way the high quality data collected on geological samples act as a
set of secondary standards.

5.2.

Fieldwork and Sampling Strategy

5.2.1. Conducting a Desk Based Assessment
The first stage of designing a sampling strategy was to examine the extent of the
Cretaceous deposits in the UK using the Geological Map of the British Isles and the
chalk Stratigraphic Framework (BGS 2014; Mortimore 2014; Chapter 2, Section 2.3.2;
Figure 18). This information was supplemented using the Upper Cretaceous
Geological Conservation Review reports commissioned by DEFRA which can be
accessed online (https://jncc.gov.uk/our-work/geological-conservation/) but were
originally collated in the Volume 23 British Upper Cretaceous Stratigraphy by
Mortimore et al. (2001a). These resources were key in locating outcrops of different
chalk members and stratigraphic sequences. This desk-based assessment indicated that
flint was not safely accessible in all areas and some reported outcrops no longer existed
for example those that formed part of quarries that have subsequently been infilled. In
order to target suitable outcrops advice was sought from Professor Rory Mortimore,
the author of a recent book on chalk in the UK (Mortimore 2014). He kindly provided
advice on the suitability and accessibility of outcrops.
These resources were used in conjunction with geological and location maps British
Geological Survey (2014), Ordnance Survey (2015a, b, 2016, 2015c), and the Institute
of Geological Sciences Jersey (1982) Google Earth also proved useful in establishing
practical access points to areas of chalk, for example the steps at Peacehaven Cliffs
that permit access to the vertical chalk face. By combining this information nineteen
different locations were chosen in the Southern and Transitional Provinces of the UK,
across eight counties (Figure 18). These outcrops were selected due to the presence of
a datable chalk outcrop that could be accessed safely, ensuring the best chance to
sample flint from a precise chronological context. As this fieldwork is designed to
provide an accurate geochemical framework all sampling sites had primary, or near
primary flint resources, to remove any issues with sample provenance (e.g. ploughed
material Rockman 2003).
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5.2.2. Selection of a Sampling Area
Fieldwork was conducted between 2016 – 2017, with the assistance of Dr Matt Pope.
Prior to departure Google Earth was used to check the status of access points, for
example changes to seafront infrastructure or quarry status. On arrival at the sampling
site the safety of chalk outcrops was assessed and all areas that appeared
unconsolidated or displayed warning signage were avoided. The decision was made
not to attempt widespread vertical sampling via climbing or abseiling due to safety
issues and time constraints, however this will be important to expand the future dataset
beyond this project. Information from the desk-based assessment was then directly
compared with the physical outcrop in order to practically establish areas of different
chalk, for example the identification of specific marker beds in cliff sections. Flint
samples were then extracted from locations with known ages, for example at Dumpton
Gap, Kent, nodules were taken from a section of Seaford chalk, which can be dated to
the Coniacian-Santonian boundary. Nodules were from different vertical bands that
were accessible and different locations of the same lateral band; where possible
specific individual bands were sampled, such as Bedwell’s Columnar Flint Band at
Broadstairs, Kent. These bands are particularly useful because they can be traced
across wider areas, providing information about how flint deposited at the same time
varies laterally (Figure 18L). This sampling strategy aimed to maximize correlation
between different aged beds and create comparative data that can explore elemental
change over wider areas and between different aged chalk (Table 6).
5.2.3. On Site Sampling Process
On-site flint bands were assessed visually, and nodules were sampled that were
perceived to well represent the wider deposit. Nodules were also selected from areas
within flint bands that did not show macroscopic signs of weathering or surface
alteration; nodules with unusual discolouration or adhering organic material were
avoided. Where possible nodules were removed from areas where flint was relatively
loose to minimise impact to the chalk and nodules collected from SSSIs were not taken
from bedrock. When appropriate samples were removed from the bedrock using a
geological Hammer (dimensions 33 x 17 x 5 cm) whilst wearing protective eyewear,
gloves, and long-sleeved clothing. All positions were recorded using a Garmin etrex
10 GPS device, recording latitude, longitude and height above sea-level, this data was
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later used to create a GIS map of sample locations. Initially samples were placed in
clear plastic bags and given a code based on site and sample number, so JB1 = Joss
Bay, Sample 1, the corresponding number of the GPS point was also written on the
bag and any other information about the flint deposit, for example ‘Whitaker’s 3-inch
Flint Band’. On return to the laboratory the samples were recorded with a brief visual
recording system including colour, texture, cortex, inclusions and any other
information to note.

Figure 18: Map of the UK with locations that were sampled marked. A: Beer Cliff, B: Durdle Door,
C: Swanage, D: West Harnham, E: Culver Cliff, F: Portsdown Hill, G: Peacehaven, H: Hope Gap, I:
Seven Sisters, J: White Cliffs of Dover, K: St Margaret’s Bay, L: Dumpton Gap, M: Joss Bay, N:
Kensworth Quarry, O: Lynford Quarry, P: Overstrand Cliffs (Figure adapted from Mitchell 2018, p. 2)
Sample locations were recorded with GPS on a GIS map created in ArcGIS, which was the base for this
image.
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Figure 19: A schematic of the traditional Southern Province chalk stratigraphy adapted from
Mortimore (2014), which was employed to assess the ages of different flint outcrops sampled in this
case study.
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Table 6: The locations targeted, including the exact location of sampling, section type, proposed flint age and section of chalk stratigraphy.
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5.3.

Description of Geological Sites and Samples

5.3.1. Hampshire Basin
Two geological outcrops were sampled in the Hampshire Basin, Portsdown Hill
(Mortimore et al. 2001a, p. 199-209; GCR ID: 195, OS Grid Reference: SU601065;
Figure 17F) and Culver Cliff proximate to Whitecliff Bay on the Isle of Wight
(Mortimore et al. 2001a, p. 175-186; GCR ID: 197, OS Grid Reference: SZ638854;
Figure 18E). Portsdown Hill is a chalk Anticline composed of the Upper chalk
Portsdown Member, Belemnita mucronata zone, dated to the latter part of the
Campanian, this chalk is also exposed on the Isle of Wight (Mortimore et al. 2001a, p.
175-186). The site was selected for sampling as well developed, accessible, flint bands
exist across the hill that can also be correlated in the wider area (Mortimore 2014).
chalk faces are exposed at several locations across the hill, for example the disused
quarries of Paulsgrove and Wymering and the southern facing scarp slope visible in
the cut face north of Porchester. The anticline is composed solely of the Portsdown
chalk Member ensuring all samples are correctly aged and bears multiple distinctive
flint beds that can be followed laterally and separated vertically. This made Portsdown
a good candidate to sample in depth to establish inter-source variation, a key
consideration identified in the literature review (Chapter 2, Section 2.12.9.1). Samples
were collected from the base of the eastern side of the anticline that followed the road
adjacent to the George Inn. The sampling area was selected based on flint exposure
and safe accessibility. Three discrete flint bands were visible however only the lower
two were accessible. Two flint nodules were removed one from each of the flint beds
(Figure 20a). Further sampling took eight more nodules from the same two bands
further west on the anticline at approximately 50cm intervals (Figure 20b).
Sampling locations on the Isle of Wight were selected using Mortimore (2001a, p. 175186), flint was taken from Culver Cliff and Whitecliff Bay adjacent to Culver Cliff.
Unfortunately, due to a recent cliff collapse flint could not be taken directly from the
cliff formation but was near situ.
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Figure 20: A: The two accessible seams of flint at the eastern end of the Portsdown Anticline (Figure
18F), sampling began here, and nodules were taken from the both beds, avoiding the areas of organic
contamination. Two nodules were sampled from the vertical seams and a further 8 nodules were
sampled laterally across the lower band.
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5.3.2. Kent
Flint was sampled from four locations across the two chalk provinces within Kent, the
Isle of Thanet (Mortimore et al. 2001a, p. 282-295; GCR ID: 214, OS Grid Reference:
TR296696; Figure 18M/L) and Southern Kent (Mortimore et al. 2001a, p. 263-281;
GCR ID: 213, OS Grid Reference: TR242365; Figure 18J/K). On the Isle of Thanet
samples were taken from Dumpton Gap and Joss Bay. Dumpton Gap is located to the
west of Broadstairs, it provides a particularly accessible unit of Seaford chalk where a
new sea wall has been built. The three flint nodules sampled from Dumpton Gap date
approximately to the Coniacian Santonian boundary, Micraster coranguinum zone, and
are examples of Bedwell’s Columnar Flint. Joss Bay is located on the Isle of Thanet,
where there is an exposure of Santonian Seaford chalk, overlain by the Margate chalk
Member. The three samples taken from Joss Bay, which is located to the north of
Broadstairs, date to the Santonian Micraster coranguinum zone. They derive
specifically derive from Whitaker’s 3-inch flint band; both this and the Bedwell’s
Columnar band can be correlated across the Isle of Thanet and wider south coast
(Mortimore et al. 2001c, 88). Whitaker’s 3-inch flint band is within reach at the centre
of the beach but dips down towards the neighbouring Kingsdown Bay where it is no
longer exposed. Flint nodules within the band are notably homogenous, fine grained,
and black in colour.
The second sampling location in Southern Kent was St. Margaret’s Bay (Figure 18K)
where Seaford and Lewes chalk of Coniacian age is present, Micraster
cortestudinarium or Micraster coranguinum zone (GCR ID: 213). The nodules
sampled from this area were taken from above the wave cut platform, which overlies
the Navigation Beds in the cliff wall, indicating the samples derive from the Lewes
Nodular chalk.
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Figure 21: A: An example of Bedwell’s Columnar Flint band at Dumpton Gap, Kent. This flint band
was sampled as access was permitted via the sea wall towards Broadstairs. B: The deposit known as
Whitaker’s 3-inch flint band located at Joss Bay, Isle of Thanet; note the distinctive black colour and
dimensions of the band, which allow it to be traced to other areas on the south coast.
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5.3.3. Wiltshire
Flint samples were taken from one location within Wiltshire at the disused West
Harnham chalk Pit located to the southwest of Salisbury (Mortimore et al. 2001a,
p. 156-160; GCR ID: 202, OS Grid Reference: SU128288; Figure 18D). The quarry
exposes a section of the Lower Campanian Offaster pilula and basal Gonioteuthis
quadrata zones, presenting the boundary between the Newhaven and Culver chalk
formations. Four flint nodules were collected, three from the exposed Culver chalk and
one from the Newhaven chalk.
5.3.4.

Dorset

Samples were collected from two locations in Dorset, White Nothe proximate to
Durdle Door (Mortimore et al. 2001a, p. 161-169; GCR ID: 208, OS Grid Reference:
SY764813; Figure 18B) and Ballard’s Point near Swanage (Mortimore et al. 2001a.
p. 170-174 GCR ID: 206, OS Grid Reference: SZ043824; Figure 18C). The first
sampling location at White Nothe is to the west of Durdle Door where the lower levels
of the cliff were accessible, including deposits that were present as part of the beach
floor; here both Seaford and Lewes Nodular chalk are exposed showing the Coniacian
Santonian boundary. Five nodules were sampled from this area, the first three taken at
the near vertical laminations of Seaford chalk, Micraster coranguinum zone, opposite
Bulls Rocks from Swyre Head Cliff. The second samples were taken from a nearby
area of Lewes Nodular chalk, Micraster cortestudinarium area.
The second sampling location in Dorset was at Ballard’s Cliff near Swanage, this was
a particularly difficult place to sample due to steep cliffs and erosion. A flint nodule
was collected from an area proximate to the far eastern end of Swanage Bay close to
Punfield Cove. Here Upper Cretaceous exposures date to the Lewes Nodular chalk;
therefore, although the flint was sampled from a near primary context it can be ascribed
to this formation which dates to the Turonian-Coniacian boundary, Micraster
cortestudinarium zone (GCR ID: 206). Only one sample was taken because no primary
deposit could be accessed.
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5.3.5. Sussex
Coastal sections in Sussex were sampled at Peacehaven (Mortimore et al. 2001a,
p. 210-233; GCR ID: 216, OS Grid Reference: TQ449000 – TQ334033; Figure 18G),
Short Cliff at Hope Gap and Seven Sisters cliff section (Mortimore et al. 2001a,
p. 224- 238; GCR ID: 215, OS Grid Reference: TV488982; Figure 18H/I). The cliff
at Peacehaven is entirely composed of the Newhaven chalk Member, which includes
the Santonian-Campanian boundary and three faunal zones , the lower Marsupites
testudinarius and Uintacrinus socialis, and upper Offaster pilula (GCR ID: 216). Four
flint nodules were was sampled at intervals from the steep section of Peacehaven
Stairs, targeting different separate bands. Nodules were taken from an area that
corresponds approximately with the Peacehaven beds, which is the upper Offaster
pilula zone.
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Figure 22: A: Lewes Nodular chalk sampled at Short Cliff/ Hope Gap, at the cliff section
topped with quaternary deposits, note the colour division between Lewes and Seaford chalk
of Seven Sisters. B: The western terminus of seven sisters cliff, to the east of the sampling site,
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before it descends to beach level. The dark and continuous Seven Sisters flint band is
conspicuous approximately 13 bands from the base in this cliff section.

5.3.6. Beer Cliff Devon
One flint sample was analysed from Hooken Cliff at Beer near Branscombe in Devon
(Mortimore et al. 2001a, p. 106-122; GCR ID: 204, OS Grid Reference: SY209881;
Figure 18A). This flint was sampled from exposed Lewes chalk, most likely from the
Sternotaxis planus period of the Turonian. Hooken Cliff is a particularly interesting
Cretaceous sequence as it is located at the Western Marginal Facies of the wider
depositional basin; therefore, the flint may contain higher levels of detrital material
associated with the proximity of active coastlines during formation (Bush and
Sieveking 1986, p. 134). One sample was taken as access to the Upper Cretaceous
section was problematic.

5.3.7. Bedfordshire
Samples were collected from one location in Bedfordshire, Kensworth chalk Pit
(Mortimore et al. 2001c, p. 342-346; GCR ID: 189, OS Grid Reference: TL015197;
Figure 18N), which is an exposed face of a working quarry. The boundary between
Turonian Middle chalk and Coniacian Upper chalk is visible at the quarry and two flint
samples were taken from an accessible section from either the Sternotaxis planus or
Micraster cortestudinarium zones.
5.3.8. Norfolk
The flint sampled from Norfolk was taken from two areas; the Overstrand Formation
(Mortimore et al. 2001b) p. 359-375; GCR ID: 3009, OS Grid Reference: TG228420;
Figure 18P) on the north east coast and the gravel deposits at Lynford Quarry (Figure
18O). The Cretaceous outcrops at Overstrand are part of a succession of diverse
geological deposits that exist between Overstrand and Trimingham Cliffs to the east
of Cromer. The chalk is unusual as it outcrops in distinctive blocks that have been
uplifted tectonically and are enclosed in glacial till; they represent the only naturally
accessible Maastrichtian chalk in the UK (GCR ID: 3009). The chalk is dated to the
Campanian Maastrichtian boundary, with high proportions of Belemnitella lanceolata
indicating the Maastrichtian section (GCR ID: 3009). Four flint nodules were sampled
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from an accessible section close to Overstrand Hotel and an outcrop made accessible
by a road that runs down to the beach; they were taken from the Maastrichtian area.
A sample was collected from Lynford Quarry this was not taken directly from a
primary source location; however, studies have shown that both macroscopically and
geochemically the Lynford flint can be linked to a wider body of Turonian chalk in the
area, associated with the well-known Brandon flint series (Craddock and Cowell 2009;
Mortimore and Wood 1986). The outcrops at Lynford were a key source for hominins
and represented an extensive secondary outcrop prior to the area being infilled by a
lake and nature reserve (Boisimier et al. 2003; Craddock and Cowell 2009; Schreve
2006). During geological sampling it was found that primary outcropping flint was
harder to access in Norfolk due to the flat topography and lack of downcutting river
systems.
5.3.9. Non-UK Samples
5.3.9.1. Denmark

The sample from Denmark was collected at a near primary context eroding from the
limestone cliffs at Sangstrup Klint on the northeast coast of Djursland. Sandstrup Klint
is a cliff formed of Lower to Middle Danian Bryozoan limestone, which may
correspond to similar aged deposits of the Stevns Klint formation, dated to the earliest
period of the tertiary (Surlyk et al. 2006).
5.3.9.2. Jersey

The nodule sampled from Jersey was the only modern flint found on the island of a
size that could be ascribed to a primary deposit, flint is not indigenous to Jersey and
no Cretaceous outcrops are currently accessible. The nodule was located in a
secondary context at Gorey Harbour on the east of the island, it was included in the
study due to the relevance of the chemical composition of flint from the area for the
wider project. However, it must be noted that this flint has cannot be dated and there
is a risk it was transported to the island historically as ballast.
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5.4.

Macroscopic and Geochemical Analysis

The flint samples that were collected during fieldwork were initially recorded on-site
before more detailed macroscopic analysis was conducted in the laboratory at UCL. A
visual appraisal of the nodules was made as per the geology specific methodology
detailed in Section 4.2. This included the colour, texture, presence of inclusions and
any relevant aspects of cortex and was collected prior to destructive sampling. After
visual data had been recorded and the nodules photographed, they were prepared for
sample dissolution using a geological hammer, and Retsch Ball Mill (full details
Chapter 4, Section 4.3.1). The powdered material was transferred to the NOC
laboratories in Southampton and submitted to the acid digestion procedure outlined in
Section 4.3.2. After the samples had undergone full dissolution they were analysed
using the ICP-MS equipment (Chapter 4, Section 4.3.2).
5.4.1. ICP-MS Analytical Accuracy and Precision
The elements analysed for were all present >LOD, which was calculated using the
average of blanks + 3SD of blanks and converted to a concentration using the
sensitivity from the top standard signal and concentration. The full data of the LOD
per element is located in Appendix 2, however all elements could be detected
accurately in quantities of parts per billion (ppb). The performance of the device was
also monitored for analytical precision via the percentage RSD (Chapter 4, Section
4.4.3) of each element calculated as the average of all individual %RSD, which were
generated using replicate analysis of each sample. The average %RSD for each
element indicated that the ICP-MS results are extremely precise with the majority of
elements <1% RSD, barring B and Sr 2%, and Ta 3%. Analytical accuracy was
presumed to be high due to the general performance of ICP-MS it would have been
ideal to measure a series of matrix-matched CRMs, however this was the first time the
laboratory had performed ICP-MS analysis of flint and the they were not able to
provide these. Dr Cooper assured the author of the high performance of the ICP-MS
device and material was retained for possible future analysis using the sample
powdered flint and a range of CRMs to test this.
5.4.2. Macroscopic Results
The record of macroscopic qualities of the geological samples revealed a considerable
similarity between the Upper Cretaceous flint nodules, which ranged from black to
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grey in colour. The visual likeness was particularly evident in single sources, for
example nodules from Peacehaven, Sussex (Figure 23), as no pronounced variation in
colour existed. Although some variation can be seen in other samples, for example
those shown in Figure 24. An analogous relationship was observed in flint granularity,
as all samples were fine grained excluding the flint nodule from Beer, which appeared
slightly coarser grained. Inclusions were generally uncommon however some nodules
exhibited lighter amorphous areas, which may be composed of void filling opal-CT or
chalcedony (Figure 23D). They do not appear to be calcareous remnants as the
geochemical data does not demonstrate an associated elevation in Ca for samples that
exhibit inclusions. Visual analysis revealed two nodules that contained fossil
inclusions on their exposed surface DD1 and SC1. These fossils were further
investigated using the dinolite microscope at a magnification of 200 μm but could not
be identified at a diagnostic level. However, as pointed out in the literature review
Section 2.13. provenancing via microfossils is not established, therefore this was not
an issue.
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Figure 23: Six nodules are
from Peacehaven in Sussex.
They are macroscopically
similar the flint is black to
very dark grey and the
nodules have thin white
chalky cortex. Nodule D and
E (PS4) and (PS2) have some
areas of lighter grey
inclusions. The darker grey
cortex of nodule F (PS1) is
slightly different.
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Figure 24: A: This
nodule is from
Dover; it is an
example of
thallasinoidean
burrow flint. B: An
image of the flint
from near to Durdle
Door, note the slight
granular texture. C:
The flint from Joss
Bay, Whitaker’s 3inch Flint Band. D:
Flint from Dumpton
Gap.
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5.4.3. Geochemical Composition
The ICP-MS analysis of flint nodules provided data for 40 elements. The goal of ICPMS analysis was two-fold, both to form a clearer picture of elemental quantities in flint
and their degree of variation across the samples taken. In order to compare the data
with the contextual information gathered the ICP-MS results were combined in an
Excel spreadsheet with the sample age, stratigraphic position, the location of outcrop
and sampling county. Although the modern county boundaries are not relevant to the
distribution of chalk during the Cretaceous, they are useful when discussing groupings
in the elemental data. Descriptive statistics were applied to the ICP-MS data
calculating the range, mean, standard deviation and coefficient of variation for each
element and each geographical area (Table 7; Section 5.5). The combined geochemical
and contextual data was then sorted via elemental concentration to determine any
trends in composition that related to source area or the age of the flint sampled.
The geochemical data obtained by the ICP-MS analysis is in accordance with previous
studies, as all analysed elements are present in quantities of <500 ppm/ 0.05%, apart
from Ca (Chapter 2, Section 2.5.3). The elements analysed for can be split into four
groups based on the average elemental concentrations (Table 8); the majority of
lanthanide REEs and transition metals Cu, Ta and Zn, <1 ppm; the most abundant
lanthanide REEs Ce, La and Y, transition metals Co, Cr, Mn, Ni, Rb, Sr, V and Zr, the
heavy metal Pb, and the alkali metal Li, 1-10 ppm; the alkali metals Ba, Fe, K, Mg,
Na, the transitional metal Fe, and non-metal B, 10-500 ppm, and the alkali metal Ca
>1000 ppm. The individual quantities of these elements support the observations made
in the literature review that the first group are the most abundant elements found in
flint comprising of Ca, Fe, K, Mg and Na, after the dominant Si, unfortunately no data
was generated for Al. This was a decision made by Dr Matt Cooper who performed
the ICP-MS analysis.
The elements B (35.8 ppm) and Ba (12.8 ppm) are the second most abundant. The
results suggest elements occurring >10 ppm are associated with the alkali metal group
of the periodic table, except Fe and B. All elements recorded at this level are found
within the chalk facies, Ca and Mg in association with calcite and fossils and Fe
deriving from glauconite and organic matter. The element Na is present in chalk but
may also relate to saline water, B is found in clay, and Ba is associated with the mineral
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witherite (BaCO3), which occurs in conjunction with hydrothermal activity (see
Section).
The second most abundant group of trace elements occurring between 1-10 ppm are
composed predominantly of the transitional metals but also contain alkali earth metals
and REEs. These elements are commonly related to clay minerals but also pore water,
organic matter and fossil material (Bush and Sieveking 1986; Luedtke 1992, p. 36;
Moroni 2005; Murray 1994; Schmid 1983; Table 2). The elements present in the
lowest concentrations are the lanthanide REEs, there are 17 Rare Earth Elements
(REEs), which represent Group IIIA of the periodic table, and include the 14
lanthanide elements Ce-Lu, and Sc, Y, and La (Henderson 1996, p. 1). The REEs have
shared chemical and physical properties due to similarities between their atomic
structures, and naturally co-occur as a group rather than individually (Henderson
1996, 1). REEs are present in trace quantities, in association with minerals, for
example the lanthanide minerals Monazite and Bastnaesite which derive from the
weathering of igneous and metamorphic rocks, such as granite, and are very resistant
to post depositional weathering.
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Table 7: The abundance and variation of the 40 analysed elements in the geological samples determined
by ICP-MS, including the minimum, maximum, mean, StDev and COV calculated for each element.
The data indicates the quantity of the elements detected by ICP-MS in Upper Cretaceous flint based on
the geochemical profile of the 48 nodules sampled. This provides a dataset that can be used to suggest
the general elemental composition of flint dated to this time period and may be useful for wider
comparative purposes, such as selecting an analytical technique or interrogating geochemical data (data
in ppm)
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Simplified Range
< 1 ppm
< 10 ppm
10-500 ppm
>1000 ppm

Elements
Majority of REEs, Cu, Ta, Zn
Ce, Co, Cr, La, Li Mn, Ni, Pb, Rb, Sr, V, Y, Zr.
Ba, B, Fe, K, Mg, Na
Ca

Table 8: A summary of the abundances of 40 analysed elements in geological flint sampled as
determined by ICP-MS and presented in Table 7 above (data in ppm)

Before subjecting the data to statistical analysis all results were converted into ppm
and log transformed in order to address bias introduced by elements present in high or
low quantities (Orton and Hughes 2013, p. 177). The log transformed data was
imported into IBM SPSS Statistics Version 24 and the principal components analysis
was performed. Principal Component Analysis (PCA) is regularly used to identify
patterns in multivariate geochemical data in studies of flint and chert (see Ekshtain et
al. 2016; Evans et al. 2007; Finkel et al. 2019; Section 4.5). Two principal components
were extracted from the dataset, which together explained 60.8% variance in the
sample. A loading plot was generated from the PCA data, which demonstrates how the
elements affect PC1 and PC2 (Figure 25B). The data was then analysed using
scatterplots of PC1 and PC2, and further explored via bivariate plots of individual
elements. The elements used to create bivariate plots were chosen based on the loading
plot and those that were noted in published studies to separate flint outcrops via their
geochemistry (Section 2.13).
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Figure 25: A: An unlabelled scatterplot of principal components 1 and 2 from PCA of the
concentration of elements in the geological field samples. B: A Component plot in rotated
space demonstrating the effect of different elements on Principal Component 1 (44.5%) and
Principal Component 2 (16.4%)
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Figure 26: A scatterplot of principal components 1 and 2 from PCA of the concentration of 40 elements in the 50 geological field samples, labelled by general sampling location.
This scatterplot demonstrates clear relationships between flint from distinct geographic areas it also indicates that geochemical groups exist based for individual sampling sites.
The outliers on the PC1 and PC2 scatterplot correspond with samples from sites identified to have elements in unusually high or low quantities, for example DD1 and DD2, and
WCD1 and WCD3. The two samples that occur outside the Hampshire cluster are CC1 and CC2, sampled from the Isle of Wight.
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Figure 27: A scatterplot of the first two principal components with the chalk provinces highlighted. The distribution indicates the Transitional Province samples display a degree
of geochemical distinction.
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5.5.

Discussion of Site Specific Geochemistry

The geochemical results generated for each individual sampling site are presented
below with observations about the quantity of elements present in the flint analysed,
this is discussed in relation to the average proportion of each element in the total
dataset, detailed in Table 7. All elements mentioned in text are also displayed visually
in an individual histograms, with trace elements in Figure 28 and REEs shown by
Figure 29. The elements chosen for discussion were based on differentiating elements
from the multivariate statistics and those that appeared to vary to a significant degree.
The rare earth elements are often discussed together due to their geochemical
similarity; however several have been explored due to differences observed in their
concentrations. The individual charts provide the quantity of a specific element, which
is an average of the geochemical results for the total flint samples analysed from each
geological outcrop. The relationships within geological provinces/ counties and the
other areas sampled are discussed with reference to the multivariate statistical analysis,
which is presented in Figures 24-26 and 28-33. This includes a scatter plot of PC1 and
PC2, and bivariate plots of specific elements. For reference the full geochemical
dataset is located in appendix II and the age of the nodules and chalk member they
were sampled from is detailed in Table 6.
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Figure 28: Histograms of all trace elements measured by ICP-MS analysis discussed in the text
representing their relative average concentrations at the different sampling sites (in ppm). This
demonstrates the variation in quantities that exist, which allows the outcrops to be compared from an
elemental perspective. Several clear differences are shown between the geological sampling sites based
on the proportions of these elements.
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Figure 28 cont.: Histograms of all trace elements measured by ICP-MS analysis discussed in the text
representing their relative average concentrations at the different sampling sites (in ppm). This
demonstrates the variation in quantities that exist, which allows the outcrops to be compared from an
elemental perspective. Several clear differences are shown between the geological sampling sites based
on the proportions of these elements.
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Figure 29: Histograms of all REEs elements measured by ICP-MS analysis discussed in the text
representing their relative average concentrations at the different sampling sites (in ppm). The element
Ta is not traditionally considered a REE, however due to its low quantities it may be classed as a rare
earth metal and has been included in this section.
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5.5.1. Individual Regions
5.5.1.1. Hampshire Basin

The sites sampled in the Hampshire Basin were Portsdown chalk anticline, near
Portsmouth, and Culver Cliff, on the east coast of the Isle of Wight. Portsdown flint
is distinctive as it has relatively low levels of the trace elements Ca (944.38 ppm), Li
(1.85 ppm) and Ni (1.88 ppm; Figure 28: C, F, I) and the REE, Pr (0.14 ppm; Figure
28: C). It also presents above average quantities of Cr (3.87 ppm) and Ni (1.88 ppm;
Figure 28: D, J). Portsdown flint is well separated in the initial scatterplot of PC1 and
PC2, demonstrating that the nodules have geochemical similarity. This relationship is
also seen in the bivariate scatterplot Fe and Sc, which also includes sample CC1 with
CC2 proximate (Figure 30). The close association of Portsdown flint is again seen in
bivariate plot of Ca and V (Figure 31). A bivariate plot of B and SC (Figure 33)
indicates a degree of similarity between flint from Portsdown, Dorset and East Sussex,
which are all sampling sites on the south coast. The successful separation of the
Portsdown samples demonstrates that the inter outcrop geochemical variation of the
Upper Campanian flint does not exceed the intra site difference.
The flint from Culver Cliff is notably low in Ba (2.52 ppm), Rb (0.35 ppm) and Zn
(1.44 ppm; Figure 28 A, K, N), it is also relatively low in Ca (926.20 ppm; Figure 28:
C), similar to the Portsdown samples. However, Culver Cliff flint differs from the
Portsdown outcrop based on its low Ba content in contrast to the high Cr and Ni
observed at Portsdown. It shares a general distribution of REEs with the Portsdown
flint (Figure 29 D). The similarity in the quantity and elemental variation in the REEs,
particularly the lanthanides is notable across the total dataset of all flint sampled.
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Figure 30: This Figure shows a bivariate scatterplot of elements Fe and Sc which demonstrates two distinct geochemical groupings of geological significance. The Hampshire
Basin samples (all Portsdown and Ilse of Wight samples except for PH3) and the Kent, Norfolk, and Bedfordshire samples. Although not fully separated there is a relationship
between Sussex samples. This plot indicates the potential for ratios of Fe/Sc to group flint from distinct geographical areas.
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Figure 31: This Figure shows a bivariate scatterplot of Ca and V generated from the elemental data. It demonstrates the association of the majority of Portsdown samples,
which occur close to the Isle of Wight nodules. It also groups the Dorset samples well, which also appear similar to an extent with the Sussex flint. The Kentish and Transitional
Province samples are distributed towards the high V section of the plot, suggesting the potential of V to separate these from the majority of flint sampled in the eastern portion
of the south coast.

183

Figure 32: This bivariate plot reflects a similar distribution to Ca/V presented in Figure 30. However, the association between the Portsdown samples appears more distinct
here with the ration of Sc to V, this suggests the high potential of Sc not only to group the Hampshire and Dorset sites but also to further demonstrate the elemental distinction
between sites on the eastern south coast and the Kentish and Transitional samples
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Figure 33: This Figure shows a bivariate scatter plot of B and Sc, which well groups all flint sampled from the Hampshire Basin, East Sussex and Dorset. It also associates
three of the Wiltshire samples (WH1, WH3, and WH4). A separate distribution comprises all the Kentish flint samples from Dover (WCD1, WCD2 and WCD3), the Norfolk
samples from Overstrand (OS1, OS2, OS3) and the samples from Bedfordshire (KW1 and KW2). It also demonstrates the geochemical association of all flint analysed from the
Isle of Thanet (JB1, JB2, JB3, DG1, DGE1, DGE2) and the Norfolk Sample from Lynford Quarry (LQ1). This group also contains the sample from Gorey Harbour, Jersey.
Patterning is also seen in all samples from St. Margaret’s Bay, Kent and one sample from Wiltshire (WH2).
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The statistical analysis demonstrate that samples from Culver Cliff generally co-occur
with the Portsdown nodules, for example the bivariate scatter plot of Fe and Sc (Figure
30). However geochemical difference is indicated by their position as outliers in the
scatter plot of PC1 and PC2 (Figure 26); this is also seen in the bivariate plot of Li and
Ba (Figure 34). Although the two nodules sampled were collected from different
stratigraphic sections, nodule CC1 Upper Campanian and CC2 Lower Campanian they
appear to be geochemically associated. Overall this suggests that flint from the
Hampshire Basin is elementally similar, however the Isle of Wight samples can be
distinguished to a degree from Portsdown and group together despite the proposed
difference in formation age.
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Figure 34: This bivariate plot of Li and Ba demonstrates some groupings it is particularly useful for separating the Isle of Wight samples from Portsdown flint, despite their
geographic association. Otherwise some patterning can be seen in nodules from the same outcrops, however it is not as pronounced as the other bivariate plots despite the cooccurrence of the Kentish samples and the grouping of the majority of Portsdown nodules.
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5.5.1.2. Kent
In Kent flint was sampled from two general source areas, the Isle of Thanet; Joss Bay
and Dumpton Gap, and the chalk outcrops on the south coast; St. Margarets Bay and
Dover (Figure 18). The flint from Joss Bay is low in Ca (579.17 ppm), relatively high
in Na (423.10 ppm; Figure 28: C, I), and Ta (0.02 ppm; Figure 28: D). It is generally
similar in elemental content to the flint from Dumpton Gap, for example proportions
of Ba, B, Fe, Mg (Figure 28: A, B, E, G), however contains less Li (1.57 ppm) than
the other Kentish samples (Figure 28: F). As noted the Dumpton Gap samples are
comparable to the Joss Bay flint, however they have higher concentrations of Li (3.42
ppm), Na (493.27 ppm), and the REE, Sc (0.19 ppm; Figure 28 F, I; Figure 28: A).
The nodules sampled from St. Margarets Bay also share elemental similarities with the
Isle of Thanet sites, for example quantities Ba (15.43 ppm) and B (26.73 ppm; Figure
28: A, B). Despite this they can be distinguished from the Isle of Thanet flint by higher
concentrations of Ca (2144.00 ppm) and V (1.58 ppm; Figure 28: C, M). and relatively
low concentrations of Na (307.10 ppm) and Ni (0.56 ppm; Figure 28: I, J). The flint
sampled from Dover presents a different profile to the other Kentish sites, it has
significantly elevated concentrations of Ba (41.65 ppm), Cr (5.39 ppm), Fe (202.47
ppm) and Ni (2.98 ppm; Figure 28: A, D, E, J), and moderate proportions of Rb (2.09
ppm), Sr, (9.23 ppm) and V (2.06 ppm; Figure 28: L, M, N). It also contains relatively
high amounts of all the REEs but low Ta (0.01 ppm; Figure 28: D). Despite this it is
similar to other flint from Kent based on levels of Ca (1488.5 ppm), and Zn (3.33 ppm;
Figure 28: C, N). It is also notable that the elevated concentrations of the elements
mentioned are also unusual compared with the wider dataset (Table 7).
The multivariate statistics demonstrate that South Kent and the Isle of Thanet appear
to group well based on the scatterplot of PC1 and PC2, although they share
geochemical similarity with other samples, for example Norfolk flint (Figure 26). The
bivariate plot of Ca/V (Figure 32) demonstrates a separation between Isle of Thanet
flint and the South Kent samples. This relationship can also be observed in the
bivariate plot of Fe/Sc where a group of samples, which is composed of the majority
of Isle of Thanet samples and a separate group, which contains South Kent and the
nodules from Dumpton Gap (Figure 30). This patterning further supports an
association between Kentish flint and the transitional province samples from Norfolk
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and Bedfordshire. This geochemical differentiation indicates that the outcrops sampled
in Kent can be separated into two groups based on elemental similarity, as
demonstrated by the bivariate plot of B/Sc where geochemical group 2 is composed of
WCD1-3 and group 3 contains all nodules from the Isle of Thanet (Figure 31). It is
also notable that the Joss Bay flint samples, which all derive from Whitaker’s 3-inch
flint band, are frequently associated, this has impact for the wider correlation of lateral
geochemistry of this well-known flint bed (Schmid 1983). Overall the multivariate and
descriptive statistics highlight the potential for differentiation between geographically
proximate outcrops within Kent but also separates the area as a whole elementally.
5.5.1.3. Wiltshire

The Wiltshire samples were selected from West Harnham chalk pit. The flint from
West Harnham generally appears to contain average concentrations of most elements
however it has comparatively higher Zn (8.42 ppm; Figure 28: N) and moderately
elevated levels of Zr (Figure 28: O). It also presents low quantities of Na (279.55 ppm)
and Ni (0.93 ppm; Figure 28: I, J). The concentration of REEs is relatively consistent
although West Harnham flint has a high proportion of Nd (0.80 ppm; Figure 28: B).
The multivariate statistics suggest that the Wiltshire samples appear geochemically
related but do not separate from the dataset as a whole, for example in the scatterplot
of PC1 and PC2 (Figure 26). This relationship is also demonstrated by bivariate plot
of Fe/ Sc (Figure 30), which indicates that West Harnham flint may have an association
with the western south coast samples, however bivariate plot of Ca/ V suggests some
similarities with the Isle of Thanet and East Sussex (Figure 31). This implies that the
Wiltshire samples may share similarities with multiple flint outcrops, perhaps due to
their inland position more proximate to the Transitional Province.
5.5.1.4. Dorset
In Dorset two areas of chalk were sampled, a section of chalk proximate to Durdle
Door and the western point of Swanage Bay. The samples taken near Durdle Door
contain low to medium Ba (Figure 28: A) and significantly elevated Fe (271.83 ppm),
Mg (108.92 ppm), Mn (8.88 ppm), Na (660.05 ppm), and Ni (3.29 ppm; Figure 28: E,
G, H, I, J). The flint has notably low levels of V (0.56 ppm), Zr (1.00 ppm) and Zn
(1.74 ppm; Figure 28: M, O, N). The flint sampled from Swanage has similar
concentrations of Ba (6.22 ppm) and V (0.65 ppm) to Durdle Door (Figure 28: A, M)
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but higher quantities of Li (4.71 ppm; Figure 28: F). Notably the Swanage nodule does
not exhibit any of the distinctive high quantity elements found at Durdle Door, and in
Ni the inverse is seen as it is present at a low level (Figure 28: J). The flint from both
sites has a consistent relationship across the REEs and does not fall outside the general
range (Figure 28).
The PC1 and PC2 scatterplot demonstrate that the Dorset samples are relatively
disordered, with DD1 and DD2 in particular outlying the general distribution (Figure
25). However, the bivariate plot of Ca/V (Figure 31) indicates the Dorset flint can
grouped, including the nodule from Swanage. Again, DD1 an DD2 appear the most
distinct, with DD1 repeatedly outlying to a significant extent; this is particularly
evident in bivariate scatter plot Fe/ Sc (Figure 30) This relationship does not appear
to relate to its geological age as DD1-DD3 were all sampled from the Coniacian
section of Lewes Nodular chalk, however it may be linked to the granularity of the
flint nodule (Figure 23: B). Increased granularity suggests larger interstitial areas
between quartz grains, which can increase the likelihood of containing elements other
than silicon (Section 2.5.3).
A relationship between Dorset and the south coast samples from East Sussex and
Hampshire is indicated by bivariate plot of B/Sc, although flint from Durdle Door can
appear loosely grouped the statistical analysis demonstrate that it is not associated with
samples from Kent, Norfolk or Bedfordshire. Although the Dorset group is relatively
dispersed on the original PC1 and PC2 scatterplot, the sample from Swanage co-occurs
with the Durdle Door samples in the bivariate scatter plot Ca and V (Figure 31). It is
also plots adjacent to the Durdle Door samples in the bivariate plot of Fe/Sc (Figure
30). However, the comparison of B/Sc indicates a degree of geochemical difference as
SW1 is present alongside flint from Kent and Wiltshire; this may be due to its
stratigraphic age Upper Campanian, Studland chalk Member (Figure 33).
5.5.1.5. Sussex
Flint nodules were sampled from three key chalk outcrops in Sussex, Peacehaven,
Short Cliff near Hope Gap, and the eastern point of the Seven Sisters outcrop. The flint
samples from Peacehaven are relatively geochemically consistent but have moderate
to low Ba (9.80 ppm) and Fe (129.74 ppm; Figure 28: A, E). This relationship is also
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observed in the samples from Hope Gap, however flint from this sampling site differs
as it displays considerably elevated Ca (4892.5 ppm), Mg (105.86 ppm), and Na
(608.10 ppm; Figure 28: C, G, I). The flint from Seven Sisters contains notably low
levels of Ba (2.76 ppm), Cr (0.63 ppm), Li (1.13 ppm), Mn (0.98ppm), Ni (0.27 ppm)
and Rb (0.46 ppm; Figure 28: A, D, F, H, J, K) and the only element present in a
relatively high quantity is Pr (0.32 ppm; Figure 28: C). The other REEs are present in
consistent quantities across the three sampling sites, which also all display
comparatively high Sr (Figure 29: L).
The statistical analysis indicates that the flint from Peacehaven and Short Cliff share
geochemical similarities, despite deriving from different stratigraphic sections. They
are grouped by the bivariate plots of Fe/Sc and Ca/V (Figures 30 and 32). Despite this
the East Sussex samples appear relatively geochemically varied in the scatter plot of
PC1 and PC2, and the Seven Sisters flint regularly occurs outside the general grouping
(Figure 25) The similarity between the East Sussex flint sampled and Portsdown
nodules is demonstrated in geochemical group 1 of bivariate plot B/Sc (Figure 33).
The East Sussex flint appears to be geochemically related, as relationships can be seen
in the bivariate scatter plots, however the sample of Coniacian flint from Seven Sisters
does not group as strongly.
5.5.1.6. Devon
The flint nodule analysed from Devon was sampled at Beer Cliff, which is located in
the Southern chalk Province at the Western Marginal Facies of the chalk deposition.
The flint sampled from Beer Cliff has relatively high concentrations of B (42.98 ppm),
Fe (185.40 ppm), Rb (1.75 ppm) and V (1.76 ppm; Figure 28: A, E, K, M) and low
quantities of Ca (1214.00 ppm) and Zn (1.75 ppm; Figure 28: C, N). The proportion
of REEs remains consistent apart from above average concentrations of Ta and Th
(Figure 28: E, F). Multivariate statistics demonstrate geochemical similarities between
BC1 and Hampshire and East Sussex samples, this is indicated by the scatterplot PC1
and PC2, and bivariate plots of B/Sc (Figure 33). However, the Devon outlies the other
groupings in the comparison of Fe/Sc (Figure 30), and the bivariate plots of Ca/V
(Figure 31) and Li/ Ba (Figure 34) suggest a closer relationship with samples from
Kent and Bedfordshire. As the nodule analysed from Beer is the only example of flint
from the western marginal facies of the UK chalk, it is evident more samples are
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needed to fully profile the geochemical diversity of this area, however it may fall
within the south coast west group.
5.5.1.7. Bedfordshire
In Bedfordshire flint was sample from an exposed chalk section proximate to
Kensworth Quarry. The flint from Kensworth Quarry has moderate to high levels of
Ca and slightly elevated Fe (167.00 ppm), V (1.74 ppm) and Zn (4.37 ppm; Figure 28:
C, E, M, N). It has low quantities of Ni (0.79 ppm) but is comparatively high in the
REE, Pr (0.35 ppm; Figure 28: J, Figure 28: C). The statistical analysis indicates that
the flint from Kensworth Quarry is chemically similar, generally occurring in
association, for example in the bivariate plot Fe/Sc (Figure 30). This bivariate plot also
indicates similarities between Bedfordshire flint and Kentish samples WCD1-3 and all
Norfolk flints. This relationship is replicated in geochemical group 2 of the bivariate
plot of B/Sc (Figure 33). The regular co-occurrence of Bedfordshire and Norfolk
samples highlights the geochemical distinction between the Southern and Transitional
Province samples, which is also demonstrated by Figure 27.
5.5.1.8. Norfolk
The Norfolk samples derive from two chalk deposits in Norfolk, Overstrand cliff on
the coast at Trimingham and exposed near-situ source at Lynford Quarry, Munford.
The elemental composition of the flint sampled from Overstrand generally falls within
the average range, it contains slightly lower levels of Ca (998.50 ppm) and moderately
elevated Ba (11.94 ppm) and Zr (1.62 ppm; Figure 28: C, B, O). The flint has
comparatively high levels of the REE Pr (0.38 ppm) and low quantities of Ta (0.38
ppm; Figure 28: C, D). The flint sampled from Lynford Quarry has some similarity
with the Overstrand flint, for example concentrations of Ba (12.47 and 11.94 ppm,
respectively) and Li (3.49 and 3.41 ppm, respectively; Figure 28: A, F). It has moderate
to low quantities of V (0.84 ppm) and higher than average Zr (1.72 ppm; Figure 28:
M, O). It is high in all REEs, apart from Ta (0.01 ppm) and Th (0.12 ppm), which are
present in low and slightly elevated quantities, respectively (Figure 28: D).
The multivariate statistical analysis demonstrates an association between the three
nodules analysed from Overstrand, which appear to be geochemically similar; these
samples can all be dated to the Maastrichtian period, this is clear in the PC1 and PC2
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scatterplot and bivariate plot Sc/V (Figure 31). The sample from Lynford Quarry
regularly outlies the general Norfolk grouping, occasionally appearing grouped with
the Isle of Thanet Kent nodules on a bivariate plot of B/Sc (Figure 31). However,
Norfolk samples also share elemental similarities linked to the fact they were sampled
from the Transitional Province, which is highlighted in Figure 26. The bivariate plot
of Fe/Sc also places all Norfolk samples together, which demonstrates their geographic
association, despite deriving from different aged chalk (Figure 29). This group also
contains DGE1-2 and WCD1-3 further indicating the association between Norfolk and
Kentish flint. The bivariate plot of Sc/V further elucidates differences and similarities
between flint from these areas, for example OS1-3 group strongly with Dover and
Bedfordshire, whereas LQ1 sits alongside the Isle of Thanet samples (Figure 32). The
results suggest a clear relationship between transitional province samples and those
from Kent, this is supported by the lack of geochemical dissimilarity between Norfolk
flint and the outcrops located further west on the south coast, for example Portsdown.
5.5.1.9. Denmark
The flint sample from Denmark was collected at the cliffs of Gjerrild Klint, it was
included in this analysis as a reference point for non-UK flint, and an example of
siliceous material from a tertiary deposit. It is notably different from the Upper
Cretaceous UK samples as it displays considerably elevated concentrations of B (74.30
ppm), Fe (238.40 ppm), Li (9.29 ppm), Zn (13.83 ppm), Zr (2.40 ppm) and relatively
high concentrations of Na (586.50 ppm), Ni (2.31 ppm), and Sr (10.44 ppm; Figure
28: B, E, F, I, J, L, N, O). It is also high in all REEs, including Ta which particularly
contrasts the UK samples (Figure 28: D). The statistical analyses indicate that the
Gjerilld Klint sample geochemically associated with samples analysed from Norfolk
and Kent, for example they co-occur bivariate plot of Fe/Sc alongside WCD1-3, all
Norfolk samples and the Bedfordshire nodules (Figure 29). This demonstrates its
geochemical similarity with the Transitional Province samples, which is also seen in
Figure 26. However, GK1 also presents as an outlier, for example in the bivariate plot
B/Sc (Figure 31) it is completely separate from the general dataset by high proportions
of both elements; this relationship is also seen to a lesser extent in bivariate plot of Li/
Ba (Figure 33). This geochemical difference likely relates to the distance of the
sampling location of Denmark, and its parent rock, which is Tertiary limestone. As
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seen in the Transitional Province samples, and the flint from Jersey (GH1), the Danish
sample does not show geochemical similarity with the flint sampled further west than
South Kent.
5.5.1.10. Jersey
The flint from Gorey Harbour, Jersey is relatively low in trace elements and very few
outlie the average concentrations for the dataset as a whole. However, the sample has
relatively high V (1.95 ppm), and moderate Rb (1.25 ppm) and Sr (6.48 ppm; Figure
28: M, K, L). It is comparatively high in all REEs, apart from Ta (0.01 ppm; Figure
28: D). Although the bedrock source of the sample analysed is not known the
scatterplot of PC1 and PC2 indicates an association with OS1-3, the Transitional
Province Maastrichtian samples, this is also seen in Figure 26. The bivariate scatter
plot of Fe/Sc places GH1, alongside the Isle of Thanet samples (Figure 29). This
relationship is also seen in bivariate scatter plot B/Sc, which contains all the Isle of
Thanet and Lynford Quarry flint (Figure 31). The general distribution seen in the
multivariate statistics suggests that GH1 does not overlap geochemically with flint
sampled from the western sites of the south coast, for example Sussex and Dorset;
instead elemental data demonstrates a closer affinity with the samples from Kent and
the Transitional Province.
5.6.

Discussion: Trends in the Elemental Profile of Upper Cretaceous Flint

5.6.1. Discriminating Elements
The results of this case study clearly demonstrate that significant elemental variation
exists within Upper Cretaceous flint as the abundances of the 40 elements analysed for
are not consistent across the geological samples. This difference in proportions of
elements is significant when assessing the provenancing potential of Upper Cretaceous
flint to determine whether specific outcrops present individual signatures. The
application of multivariate and descriptive statistics strongly implies that regional
trends exist in flint geochemistry, which indicate that sampling sites can be
differentiated via their general elemental profile. Several elements were found
particularly significant for achieving this separation, for example the comparison of
the following elements B, Ba, Ca, Fe, Li, Sc and V. This suggests their potential as
elements that reflect specific conditions at the flint formation stage across the chalk
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facies. The quantity of Ca varied significantly across the dataset (86.3% COV) with a
range of 210 – 6717 ppm, this is in accordance with other studies (Hunt and Speakman
2015). As Ca can be linked to fossiliferous material the difference its relative
proportions may reflect regional variation in calcareous microfossils and the extent of
their replacement process during diagenesis. The samples from Hope Gap in East
Sussex display unusually high levels of Ca beyond what is expected from low-mg
calcite chalk, this suggests the influence of an additional Ca source. Despite its
variation the potential for Ca to separate sources is shown in the bivariate plot of Ca/ V,
where the ratio of these two elements has a distinctive effect on the distribution of the
Dorset and Hampshire samples.
The importance of elements linked to specific environmental processes is also shown
by the transition metal Fe, which has a relatively high coefficient of variation (42%).
This variation likely relates to the distribution of iron bearing minerals in the
sedimentary facies, such as glauconite, and may be linked to the oxidation of organic
matter in burrow structures leading to elevated iron sulphide (Fe2O3). The influence of
Fe on the wider dataset can be seen in bivariate plot of Fe/Sc where flint from three
south coast outcrops is grouped, in particular Portsdown and the Isle of Wight. The
abundance of Fe ranges between 74.3 – 472.9 ppm and tends to be higher at sites on
the western south coast than in the Kentish and Transitional Province samples. At
Durdle Door there appears to be a significantly high quantity of Fe, particularly when
compared to the wider dataset. This may indicate the localised presence of organic
matter, which is supported by the relatively large quantities of Ni and Mn, also related
to organics (Table 2).
Both Ca and Fe display high potential to separate outcrops compared to the quantity
of Sc in the samples. Sc is a REE (COV 38%) often classed as part of the lanthanide
group, which have been previously identified as important chemical differentiators in
flint provenancing studies. The REEs detected by ICP-MS analysis are all present at
<1 ppm apart from Y, Ce and La. They mainly derive from the lanthanide group of
elements and appear to be present relatively consistently across the dataset. This is due
to their shared elemental characteristics, meaning that they regularly co-occur as a
group of elements, for example their position on the factor plot (Figure 24B) and the
line charts in Figure 28 (A, B, C, D and F). Despite their relative similarity several
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differences exist, for example the low Th in Seven Sisters flint compared to La, Sc,
Nd and Pr (Figure 28: A, B, C, D and F). In this analysis the element with the highest
potential was Sc, as it discriminated between the Hampshire and Kentish area in
bivariate plots (Figures 29, 31, 33). This is significant as Sc is known to behave slightly
differently to the other REEs due to its smaller ionic radius (Cotton 1991, Henderson
1984, 2). The potential of REEs for provenancing is related to their chemical stability
and their relative immobility throughout rock formation and alteration, which is
particularly relevant as flint can undergo multiple stages of diagenesis (Henderson
1996, p. 1). This means that the quantity and composition of the REE grouping is likely
to reflect the original formation environment of flint within the chalk bedrock.
The utility of Sc to differentiate between flint deposits is shown in the bivariate plots
where it is compared to the metalloid B, which appears relatively consistently across
the dataset with a low COV of 30%, it is present in quantities between 18.4 – 74.3
ppm. The relationship between Sc and B creates distinct site distributions and
importantly again shows a separation between the western south coast and Kentish and
Transitional samples. Boron is particularly high in the Danish sample from Gjerilld
Klint but is notably lower in the Isle of Thanet than the other geological samples. The
presence of B is related to clay minerals in chalk (Table 2), this may suggest variation
in B can be linked to geographical differences in detrital contribution to the formation
flint environment. The alkali metal Li is similarly associated with clay minerals and
was found useful in differentiating between samples via a bivariate plot of Li/Ba.
Lithium is present at relatively low (1.0 - 9.3 ppm) but consistent quantities (COV
51.6%), across the dataset, suggesting the proportions of detrital clay in the Upper
Cretaceous chalk remain relatively constant, as detailed in Hancock (1975).
The relationship between Ba and Li, as shown in a bivariate plot (Figure 34), shows a
less pronounced separation of outcrops than the other elements, however it is
significant as it differentiates between the two Hampshire sampling areas the Isle of
Wight and Portsdown. This suggests that even when outcrops share a high degree of
elemental similarity, they can be differentiated between by the application of
multivariate statistics. The presence of the transition metal Ba (1.2 – 62.9 ppm) can be
linked to chalk minerals and hydrothermal activity, it varies significantly across the
dataset (79.7% COV). This may be influenced by its considerably high quantity at
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Durdle Door, particularly in comparison with Culver Cliff and the Seven Sisters
samples. Significantly it is present at an average level in Kent versus a slightly lower
quantity in East Sussex and the Transitional Province. Another transition metal V was
found useful for differentiating sites, particularly Portsdown (Figure 32). Vanadium
generally found in sediment as an aluminosilicate mineral, at quantities between 110ppm in flint and is likely related to detrital content.
It appears that the elements found to be particularly useful for separating sources (B,
Ba, Ca, Fe, Li, Sc and V) reflect a range of different environmental factors including
the presence of organic matter, fossil debris, and mineral content in the chalk facies.
The ability of these elements to group flint from by its geographical location is
significant and indicates the potential of ICP-MS data to define distinct flint outcrops.
The results of this analysis also demonstrate variation in other less discriminatory
elements such as K, Na, Rb and Sr, for example K is notably elevated in samples from
Portsdown, Dover and Gjerilld Klint whereas it is low at Culver Cliff and Seven
Sisters. Several sites have relatively high quantities of transition metals, as seen in Cr
at Dover and Portsdown, Mn at Durdle Door, and Ni at Dover and Durdle Door. They
tend to generally present in low quantities in flint but have exceptions, which may
suggested localised variation in the quantities of transition metals in the formation
environment. They do not appear in quantities as consistent as the alkali metals, and
again, this is likely due to their association with less predictable features, such as the
presence of organic matter. However, the transition metals Rb and Sr exhibit low
variation, although Rb is present in high quantities at Dover and Portsdown and low
proportions at Culver Cliff and Seven Sisters. In contrast Sr is high in the Sussex
samples, particularly flint from Seven Sisters, which is unusual as this site generally
presents with low quantities of non-silica elements. Overall the transition metals
present a complex picture with elements that vary distinctively between different sites,
apart from Rb and Sr.
Several sampling sites also appear to possess a particularly distinct elemental profile
for example Culver Cliff on the Isle of Wight, which have comparatively low levels of
most elements (Figure 29). There is a potential that these sites present particularly pure
chalk facies, with small quantities of Li, Ba, Mn, Ni and Rb. This indicates the
relationship between the detrital content of chalk and subsequent composition of flint,
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highlighting the connection between the purity of chalk and the relative proportion of
non-silica elements. It may also indicate that the macroscopic assessment of chalk
facies can, to an extent, provide an indication of what the analyst may expect from the
elemental profile of flint from different areas of chalk bedrock. The flint sampled from
Dorset are also particularly distinct as it is high in metalliferous elements, particularly
Co, which may be linked to tectonic activity or vulcanism. This is significant as these
samples were taken from an area where sections of chalk have been displaced by
tectonic activity, as shown in Figure 34. Although these outcrops were not directly
sampled they present as near vertical flint bands.
Several sites also display high quantities of Na; the sodium content in flint has been
linked to the salinity of interstitial pore water, it is present in relatively consistent
proportions across the geological samples (32% COV), however the site-specific
average (Figure 29) indicates significantly elevated quantities at Durdle Door, Hope
Gap and Gjerllid Klint. It is notable that these samples are all coastal, therefore may
have been influenced by post-formation Na addition from sea water. However, this is
not seen in other nodules, for example GH1 that was sampled from a harbour area. It
is more likely that this is linked to differences in the depositional environment at these
sites, as they present above average quantities of other elements.
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Figure 35: Two sections of chalk cliff adjacent to Durdle Door, Dorset. These are not the sampling
locations for DD1-4, however they demonstrate the re-working of the original chalk facies by tectonic
processes. Image A shows the near vertical position of flint bands within the cliff and B presents a close
up of the weathered chalk, with flint bands present diagonally across the section. The evident tectonic
influence in this coastal section may account for the distinctive chemical profile of the flint sampled.
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Figure 36: A graph comparing the elemental composition of flint from Portsdown chalk anticline demonstrating the clear relationship in geochemistry between
the nodules sampled.
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5.6.2. Inter-site Variation and Sourcing Potential
As noted in the research methodology and literature review questions exist regarding
the effects of inter-source variation on provenancing studies. To explore this multiple
samples were taken from Portsdown chalk Anticline (Figure 19: Section 5.3.1). The
goal of this extended sampling program was to establish whether the elemental profile
of the nodules selected was similar to a degree that reflected a shared geological
source. If variation within an outcrop is too high it is very difficult to create a link
between the source and archaeological flint artefacts, therefore establishing this has
clear methodological implications. The results of the statistical analysis using ICP-MS
data for the Portsdown samples strongly suggests that they share chemical similarities,
for example their close distribution in Figure 32, a bivariate plot of Sc/V, and Figure
33, which compares Fe/Sc. This distribution is not as clear in Figure 30 based on ratios
of Ca/V or Figure 31, B/Sc, as several artefacts outlie the general Portsdown grouping.
The relationship between the Portsdown nodules is less evident in Figure 33 of Li/Ba,
although this bivariate plot is generally quite disordered apart from separating
Portsdown and Culver Cliff samples. However, their elemental similarity is well
demonstrated by the graph presented in Figure 36. The geochemical results therefore
support that these nodules (n=7), which were sampled at c. 100cm intervals across a
single stratigraphic band of flint are elementally similar. Although it was only possible
to sample multiple nodules at one site during this analysis it is possible that this
relationship exists across other Upper Cretaceous sources, as other sites with several
samples, for example Joss Bay, Isle of Thanet, also appear similar.

5.6.3. Geographical Variation
The appraisal of the average elemental content in flint across the geographic sampling
sites revealed differences in elemental content (Section 5.5). However, the clearest
way to view the variation in geochemistry is via the multivariate statistics, this is a
common method of exploring sources in flint provenancing studies. The initial PCA
plot with nodules coloured via location, indicate that the sampled outcrops can be
differentiated geochemically to a degree (Figure 25). This is evident as the nodules
from individual sites tend to be distributed close to one another, although some overlap
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occurs. The most distinct sites are Portsdown, Kent, and Norfolk, however it is noted
that if no source data (e.g. sampling site) were available it would be more difficult to
interpret this patterning. It is also clear that more samples would permit a better
interpretation of the geological locations. Further interrogation via bivariate scatter
plots clarifies these groupings revealing key trends in the data. The successful
distinction between different outcrops is demonstrated well be the comparison of Sc/V,
for example the majority of Portsdown samples appear closely related by these
elements. Significantly it was also noted that sites can be identified elementally within
geographical areas for example Portsdown and Culver can be separated via Li/Ba and
in Kent the Isle of Thanet and more westerly sites by Ca/V and Fe/Sc.
The geochemical distribution of individual sites are discussed in detail in Section 5.5.1.
However, an observation of the total dataset suggests several key elemental patterns.
An important observation is the trend in geochemical distance which occurs laterally
between the sites on the western south coast towards Kent and the transitional
province. This is seen by similarities between Devon, Dorset and Hampshire, which
contrast to a degree Sussex and Wiltshire, and differ markedly to Kent, the Chilterns,
Norfolk, Jersey and Denmark. This relationship is clearly outlined in Figure 25 and
bivariate scatter plot Sc/V, however, appears to occur to a degree throughout the
multivariate statistics despite being more poorly presented in some scatterplots, for
example Li/Ba. Some outliers do occur to this general distribution but due to its
recurrence in several scatterplots it can be presumed that there is a change in flint
composition across these geographical areas. This suggests that the samples can be
divided elementally via conditions across the sedimentary basin with those at the west
extent of sampling differing most from the east. Therefore, supporting the suggestion
that proximity to the extent of chalk deposition and concurrent changes in detrital
content may have a direct reflection on flint content. This relationship is also evident
in the dendrogram produced by the hierarchical cluster analysis (Figure 37).
Two non-UK samples of flint were included in the analysis, one from Gjerrild Klint,
Denmark, and one from Gorey Harbour, Jersey. The sample from Denmark regularly
presents as an outlier in the bivariate scatter plots of all elements and appears to be
most chemically similar to the western UK and Transitional Province samples. It is
unsurprising that GK1 presents a different elemental signature to the majority of UK
samples was sampled from an area of Tertiary bedrock. This is in accordance with
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other provenancing studies where flint and chert from different geological periods is
separated more effectively. The flint sampled from Jersey also appears to be related
to the eastern and Transitional Province samples, particularly those from Overstrand
in Norfolk, which date to the Maastrichtian. This may suggest that the flint dates to
this time period. As noted earlier in this Chapter the Danish sample was taken close to
a bedrock source (Section 5.5.1.9), whereas the nodule form Jersey was from a littoral
rather than in-situ source (Section 5.5.1.10).
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Figure 37: Hierarchical cluster analysis was used to create a dendrogram using Ward’s Linkage. This
reveals the elemental relationships between the geological samples. The dendrogram demonstrates well
the differentiation between the samples from the western south coast and the Kentish and Transitional
Province samples, although several exceptions exist.
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5.6.4. Summary of the Geochemical Results from the Geological Samples
This results of this case study are overwhelmingly positive in relation to the two
research questions posed:
-

Does Upper Cretaceous flint vary in elemental profile?

-

Can specific geochemical signatures identify different geological outcrops?

In this case the data generated here confirms that Upper Cretaceous flint varies
geochemically to an extent that separate outcrops and areas can be identified; therefore
ICP-MS is a successful technique for distinguishing the geochemical composition of
flint from the different chalk facies sampled. Significantly the individual sampling
sites appear to group, for example the Portsdown nodules co-occur to a degree
throughout the multivariate statistics. This pattern is evident from the scatter plot of
PC1 verses PC2 and is more pronounced for different sites in the bivariate plots, such
as Fe/Sc. This indicates a degree of chemical similarity between the nodules sampled
at the specific outcrops selected in the desk based assessment and is positive in
reference to the provenance postulate as the data suggests discrete location-specific
elemental profiles can be identified. In some cases, geographically proximate areas,
such as Portsdown-Culver and Kent-Isle of Thanet, can also be subdivided
elementally, for example the terrestrial Portsdown and Isle of Wight samples are
differentiated by ratios of Li/Ba. This raises the possibility of separating outcrops at a
sub-province level, which allows a higher degree of archaeological resolution.
Further to this a trend in wider geochemistry was observed in the Upper Cretaceous
samples demonstrating regional variation between the western south coast sites and
Kent, the Chilterns and Norfolk. This appears to suggest an east-west shift in the flint’s
elemental profile, which is likely linked to changing basin conditions. This relationship
is observed by sample distribution throughout the multivariate statistics, for example
the PCA plot, bivariate plots and HCA diagram (Figure 37). It may be interpreted as
elemental change associated with samples taken closer to the Transitional Province,
with the Kentish sites located to the south of this area. This supports a difference
between southern province and transitional province flint and can be explored with
further targeted geological sampling in future. Overall it appears that geographic
variation exists in a somewhat predictable manner in Upper Cretaceous flint with
several elements proving the most suitable for differentiating outcrops and areas. This
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case study concludes with other authors that these elements likely reflect qualities of
the original chalk formation environment and relate to both detrital material and
environmental processes. These observations have an important impact for assessing
the provenancing potential of archaeological flint assemblages in the UK and the more
general understanding of flint geochemistry.
5.7.

Comparison of ICP-MS and pXRF Analysis

One of the key goals of this research is to assess the potential of non-destructive pXRF
technology to provide accurate elemental data for flint artefacts, particularly in contrast
to destructive techniques. The high accuracy and low LOD of the ICP-MS dataset
means that the geological data can serve as secondary standards for the assessment of
pXRF and the bespoke calibration. This type of comparative data is fundamental to
establish the suitability of different analytical tools, particularly in view of
understanding the potential trade-off between using expensive but accurate versus
those more suited to non-destructive bulk analysis of artefacts, such as pXRF. In order
to perform a comparison, the homogenised geological samples that were submitted to
ICP-MS were also analysed using the pXRF device. The decision to use the powdered
samples was taken as they provided an insight into whole rock geochemistry, however
it must be noted that this will differ from pXRF results gained from the surface of
samples. At the outset of the analysis a pilot was conducted to saw the geological
nodules using diamond edged blade, in order to create a flat clear surface. However,
this process was extremely time consuming and resulted in the destruction of several
blades and it was deemed impossible within the time constraints to saw all 49 nodules.
Although analysis could have been undertaken on the surface of the nodules there was
not always an appropriate flat area and removing that variable for comparative
purposes was a priority. This may be something that is considered for a future project
where better laboratory infrastructure can be accessed. The powdered flint for each
geological sample was transferred into plastic cuvettes c.3cm in the sample preparation
laboratory at UCL. These cuvettes were covered with a 4-micron prolene film and
were placed flush to the pXRF detection window with the device in the flex stand. The
pXRF analysis was carried out as per the methodology outlined in Chapter 4 (Section
4.5.2), the data was then exported as spectra, which were processed using the in-house
calibration (Chapter 4, Section 4.5.4).
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The range of elements that can be detected by pXRF (Chapter 2, Section 2.12.4; Figure
9) and solution ICP-MS (Chapter 2, Section 2.12.6) are different, with ICP-MS able
to provide data for a wider set of elements at a considerably lower LOD. The LOD for
the ICP-MS dataset was calculated by Dr Matt Cooper using the average of blanks +
3SD of blanks analysed as part of the process (Section 5.4.1). For the pXRF analysis
the LOD was based on the machines parameters and also the expectation that greater
inaccuracies would occur towards the limit of the devices capabilities. The two
datasets were compared for the elements available in both analyses, Ca, Co, Cu, Fe,
Mn, Nb, Pb, Rb, Sr, Y, Zn and Zr. An initial appraisal of the results suggests that the
pXRF and ICP-MS analyses correspond well in terms of the abundance of elements
detected, for example the results of Ca and Fe were >100 ppm for both techniques
whereas the other elements were present <10 ppm (full data appendix). This suggests
that at a coarse level both sets of data concurred on the general content of elements
within flint. However, several patterns in the data existed, such as Cu, Fe, Mn, Nb, Zn
and Zr were predictably measured at higher quantities by the pXRF. Other elements,
for example Ca and Co, varied in standard deviation in an unpredictable manner.
Notably the measurements for Rb and Sr were recorded in similar quantities.
A further comparison between the data was conducted by calculating the accuracy of
the UCL pXRF and bespoke calibration compared to the ICP-MS analysis, treating the
geological results as a series of secondary standards (Table 9). Using the ICP-MS data
on the geological samples as secondary standards to assess the accuracy of the pXRF
is particularly useful because very few flint specific standards exist. In this way it
permits an assessment of the performance of the pXRF analysis conducted in this
thesis based on the material that is being analysed. This comparative process revealed
significant errors in the pXRF measurement, particularly for elements present at <1
ppm, such as Cu. Although these elements were quantified they present the error
reported suggests that they are present at or below the LOD of the device as inaccuracy
tends to increase at lower elemental abundance (Speakman and Shackley 2013, Figure
4).This supports the conclusion that a selection of elements present in the calibration
are found close to the pXRF LOD in flint and therefore analysed at poor accuracy.
However, several elements were analysed to a high degree of accuracy, particularly
Rb and Sr at 15% and 6% respectively. The pXRF device also provided comparable
data to the ICP-MS results for Ca and to an extent Fe although with a slightly higher
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error. This suggests that the pXRF technology has the capability to provide accurate
results for certain elements in comparison with the ICP-MS data.
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Table 9: Table 9 presents several comparisons between the pXRF and ICP-MS data. Firstly in the range column it shows the upper and lower quantities
of each element detected by the pXRF from the analysis of the geological samples. This is included for comparative purposes with the average reading
for each element from the ICP-MS dataset of the geological samples, which is taken as an accurate representation of the average element content. Here
it is evident that at times the pXRF readings are relatively higher or lower in comparison the ICP-MS, potentially demonstrating a disparity in the results.
The % error pXRF column represents the overall average error per element of the pXRF results based on the average of the error for each individual
sample, which was calculated as a direct comparison between the pXRF and ICP-MS results for each nodule. The factor score and correlation coefficient
are also included as these are relevant to the linear regression plots shown in Figure 38.
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The two datasets were further compared by creating linear regression plots of the
results in order to explore the strength of their relationship to one another. These plots
were used to calculate the R2 value of the correlation coefficient where a value close
to 1.0 suggests a good fit between the two datasets (see Hall et al. 2014). The
regression factor scores, and correlation coefficients are presented in Table 9 and a
selection of the linear regression plots are shown in Figure 38. The elements where the
data corresponds highest are generally those that are more accurate with a factor score
>90, however several of the less accurate elements have relatively high factor scores,
for example Co. The elements that presented at high degrees of inaccuracy, for
example Mn, Nb, Pb and Y had factor scores <50. The results are in line with
conclusions of other studies comparing sensitive destructive techniques with lesssensitive non-destructive methods (see Evans et al. 2007; Hughes et al. 2012).
However, some correspondence is observed in the data and several elements were
analysed at high accuracy by the pXRF on the geological samples, for example Rb and
Sr.
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Figure 38: Linear regression plots of Ca, Fe, Sr, Zn and Zr demonstrate the relationship
between the pXRF and ICP-MS data. These elements were selected from the wider dataset to
demonstrate several features. A: The data for Ca appears to have a tight fit for the
concentrations found in flint. B: A similar relationship is seen with Fe, which is more accurate
between 100-200 ppm. C: Sr appears to have a tight fit to the regression line, which is
evidenced in its overall accuracy. D: Zn appears more accurate at lower concentrations and
several outliers affect the accuracy of the pXRF analysis. E: The graph for Zr is presented to
demonstrate a line that has a poor fit at all concentrations.
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5.8.

Conclusions

The geological case study forms an important part of this thesis that was designed to
clarify key aspects of Upper Cretaceous flint geochemistry relating to how a source
can be defined elementally. This is important to assess the potential of sourcing flint
from NW Europe (Figure 2) and also in interrogating the potential sources that are
reflected by the statistical analysis of the geochemical data of artefacts in Chapter 6.
Overall the elemental content of flint and how it varies geographically is very
important for provenancing studies in general and the review of literature
demonstrated that it is not well understood (Chapter 2). Therefore this dataset, created
with the accurate and precise technique ICP-MS, is not only important for this project
but also for future research and researchers. This chapter clearly outlines the practical
sampling strategy, ICP-MS procedure (also discussed in Chapter 4, Section 4.3) and
the results of the geological analysis of the 49 flint nodules. It also presents a
comparison of ICP-MS data and pXRF readings that were taken on the same
homogenised powdered samples submitted for ICP-MS analysis. The results and
conclusions of the geochemical analysis are discussed in Section 5.3 – 5.64 but are
summarised below:
-

The accuracy and precision of ICP-MS produced an important dataset of flint
elemental composition that can supplement what is already known (see Table
1).

-

Geographical variation in flint geochemistry was detected successfully by ICPMS.

-

This geographical variation existed to a degree that individual sites and regions
could be identified using multivariate statistics.

-

The Portsdown pilot study strongly implies that inter-site variation does not
exceed intra-site variation.

These results combine to confirm that flint provenancing is possible even from
relatively pure Upper Cretaceous flint and the impact of this case study will be
strengthened by future work to collect more samples. The comparison of pXRF and
ICP-MS data using the geological dataset as ‘secondary standards’ provided an
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interesting set of results. It is perhaps unsurprising due to the technologies being
completely different on an analytical level and the basic data does not reflect the other
positive aspects of pXRF. It is evident that ICP-MS is a more accurate and precise
technique and therefore can provide better quality data, although the inaccuracies for
some elements, for example Sr, were exceptionally low. However, in light of the
research design of the archaeological analysis, where artefactual data is used to infer
sources, this degree of inaccuracy is less impactful. This is because the goal is not to
link specific artefacts with samples from geological sources, instead looking for
patterns and trends in data to infer sources. It is demonstrated in Chapter 6 that pXRF
is capable of producing results that permit this, therefore here its resolution is
acceptable. Although it is evident that the wider range of elements detected by ICPMS, that cannot be calculated by pXRF (see Figure 8 for pXRF limitations) contains
those that are useful for differentiating between sources, for example Sc. The
relationship between destructive accurate techniques versus non-destructive
techniques with limitations is discussed further in Chapter 7 (Section 7.5).
Overall Chapter 5 presents in detail the geological case study, achieving important
results that confirm variation in Upper Cretaceous flint sources. The information here
is relevant to questions that were posed in Chapter 2 regarding the potential for
geochemical identification of sources and will also be referenced in Chapter 6 to
support the conclusions made from the pXRF data of artefacts. The clarification of
aspects of flint geochemistry, for example whether inter-source variation is higher than
intra-source, is key to the evaluation of provenancing via its elemental profile and is
an important conclusion of the thesis itself, this will be discussed in Chapter 7. The
following chapter presents the archaeological case study, bringing the reader back to
La Cotte de St. Brelade, which was introduced in Chapter 1 (Section 1.3). Chapter 6
is located towards the end of the thesis as its methodology, discussion, and conclusions
all draw on the research and techniques detailed in the previous chapters. It represents
the main archaeological analysis of this thesis and a culmination of the development
of the sourcing methodology. The results from Chapter 5 are important for this as they
imply that regional sources display enough difference to be identified but outcrops
themselves share elemental profiles; indicating that any elemental trends or groups
shown by geochemical analysis of artefacts can be representative of specific points in
the landscape.
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Chapter 6. Reconstructing Procurement Strategies and
Movement through Analysis of Flint from La Cotte de St.
Brelade, Jersey, Channel Islands, UK
6.1.

Introduction

Chapter 6 forms the main archaeological case study of this thesis, which builds on the
information provided in Chapters 1-5 and includes the pXRF analysis of lithic artefacts
that was introduced in Section 1.8. Building on the outline provided in Chapter 1
(Section 1.3 and 1.6) it begins by introducing the research context and the site of La
Cotte de St. Brelade before discussing these in the wider context of archaeology in La
Manche. Further detail about the sourcing methodology and motivation behind the
choice of this area and research questions is then presented in Sections 6.3 and the
results and implications are found in the latter Sections 6.6 – 6.7. The goal of this
chapter is to demonstrate how the artefact-centric sourcing methodology was
conducted and the new insights into flint use at La Cotte de St. Brelade that were
achieved.
This case study focuses on the Middle Pleistocene of the western part of the English
Chanel, in particular the area to the south of the Channel River that formed an
extension of the Armorican Massif, located on the offshore Continental Shelf of the
Normano-Breton Gulf (Figure 39). This location was chosen due to the preservation
of Middle-Pleistocene archaeology on both the French coastlines and the Channel
Islands, which provides key insight into Neanderthal behaviour in the greater Channel
region when much of the area was terrestrial (Figure 39). Recent research has
highlighted the wider potential of prehistoric landscapes that are now submerged, not
simply as corridors permitting movement, but areas where hominins lived and gathered
resources (Bailey 2006; Bicho and Haws 2008; Bird et al. 2005; Hoffecker et al. 2014;
Roebroeks 2014; Tizzard et al. 2014; Chapter 1, p. 10).
Archaeological deposits suggest that the Western Channel is significant as an area
repeatedly visited by Neanderthals, however it is difficult to interpret a full scale of
behaviour from the preserved evidence, as much of the landscape that they subsisted
in is now inundated (Locht et al. 2015). Despite this challenging situation the richness
of the Middle Pleistocene record and the need to place extant sites in their wider
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context has led to studies focused on understanding this offshore area (Scott et al.
2014). The following chapter details how this project is integrated with the wider body
of research in the area by looking for possible changes in the procurement of flint that
might be indicative of movement and resource acquisition by Neanderthals in the
Normano-Breton Gulf during the Saalian period of the Early Middle Palaeolithic. It
examines archaeological evidence related to Neanderthal occupation focusing in
particular on the area surrounding the Channel Islands that would have become part of
a much larger landmass with a sea-level fall of just 20m (Pope et al. 2012).
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Figure 39: The Western Approaches of the
English Channel including the locations of the
Channel Islands and the 100m depth.
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Research is centred on La Cotte de St. Brelade, a site on the south coast of Jersey,
which was visited intermittently by Neanderthals throughout the Middle Pleistocene,
from approximately 238 – 40 kya (Callow 1986; 1988; Figure 40). The archaeological
deposits preserve substantial evidence of these hominin occupations including stone
artefacts, fauna, and human remains (Callow and Cornford 1986). La Cotte de St.
Brelade was first excavated in the early twentieth century and now forms the focal
point of recent ongoing work by an interdisciplinary team, La Manche Prehistoric
research group (LaMP), which formed in 2010 (Pope et al. 2012; Pope et al. 2015).
The research presented in this thesis is part of LaMP’s reinvestigation is to reconstruct
Neanderthal behaviour in the offshore landscape surrounding Jersey where the
majority of subsistence activities took place. As part of the renewed focus on the
submerged landscape, a project was undertaken to re-organise the lithic collection
excavated in the 1960-70s, when all lithic artefacts were recorded with high fidelity,
including their 3D position in the site (Callow and Cornford 1986). This work, the
McBurney Archive Re-organisation Project (2013-2015), resulted in improved access
to the lithic collection enabling in depth analysis of artefacts, which had previously not
been possible at this scale. A combination of the re-investigation of La Cotte in its
wider landscape by LaMP and the substantial lithic collections available prompted the
possibility of identifying lithic sources accessed by Neanderthals in the wider
Normano-Breton Gulf. This is particularly prescient for understanding behaviour at La
Cotte, because no flint sources exist on the granitic mass of Jersey, therefore all raw
material acquisition took place offshore.
The basis of this case study is the observation made by Paul Callow (1986) that the
diversity in raw material of flint artefacts found at La Cotte de St. Brelade must reflect
the use of more than one source and that the macroscopic qualities of flint used to
make artefacts varies through time, suggesting the employment of different raw
material strategies by Neanderthal groups. This chapter aims to identify qualities of
these different sources, for example the use of primary and secondary source flint, and
whether their position in the offshore landscape can be identified; providing
information about hominin behaviour in the now submerged landscape. To do this
three flint assemblages were selected from separate occupations during the Saalian
period at La Cotte de St. Brelade, Layer E, Layer A and Layer 5; dating to MIS 7, MIS
6/7 and MIS 6, respectively. These artefacts were analysed according to the sourcing
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methodology outlined in chapter 4, macroscopically, technologically and using the
geochemical profiling technique pXRF. The analysis aimed to identify any groups of
flint that may reflect a shared raw material source and combine this with information
about the wider Cretaceous geology of the Normano-Breton Gulf and known
environmental conditions for each chronologically distinct layer. The goal was to
identify potential sources used by hominins and whether these were influenced by
climate and behaviour. However, due to the submerged context of La Manche this
research presents a new frontier in sourcing methodologies where lines cannot be
drawn on a map between known source to site, instead the identification of potential
groups within the artefacts analysed will be used to infer sources.
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Figure 40: Map of the British Channel and Normano-Breton Gulf, the location of the research context
in relation to England (UK) and France (A-B) and a close up of the Norman-Breton Gulf including the
Channel Islands, the Iles Chaussey, nearby reefs and terrestrial area with a fall of -20m in sea-level (this
map is based on coastline data from Callow [1986] and Google Earth).
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6.2.

The Research Context of the Normano Breton Gulf

6.2.1. The Geographic Context
The English Channel or ‘La Manche’ is the area between the UK and France that is
now inundated by the sea but during the Pleistocene formed a large expanse of dry
land, due to falling sea-level linked to glaciations. This terrestrial area permitted a
direct link to Continental Europe until the Anglian Glaciation (MIS 12), when
approximately 450 kya, a buildup of glacial meltwater in the North Sea breached the
Weald-Artois anticline, forming the Channel River (Bates and Pope 2017). The
resulting catastrophic mega flood structurally altered the Channel bedrock, creating a
dynamic fluvial landscape composed of high energy water courses draining into the
Western Channel (Antoine et al. 2003; Collier et al. 2015; Farr et al. 2017; Gupta et
al. 2017, 2011). Due to its size and extent it is likely that, post MIS 12, the Channel
River acted as a geographic barrier between the southern and northern parts of the
Channel.
The English Channel is generally divided into three main provinces based on geology,
the Western, Central, and Eastern Channel. These areas are further separated into the
Channel Basin, Hampshire-Dieppe Basin, and Weald-Artois Basin, respectively. The
three provinces have differing geological characteristics that influence both the seabed
lithology and topography, for example exposed deposits in the Eastern Channel are
composed of Jurassic and Cretaceous rock whilst the Central Channel is dominated by
Upper Cretaceous chalk. All three basins contain stratified chalk bedrock with the full
succession of chalk lithostratigraphy (Cenomanian-Maastrichtian) present in the
Central and Eastern Channel; deposits in the Western Channel are less uniform, this is
due to its position on the Continental Shelf and the east to west direction of chalk
transgression (Smith and Curry 1975).
The Normano-Breton Gulf is an area within the Western Channel province, located on
the Continental Shelf offshore between northern Brittany and western Normandy
(Figure 40). Due to its location on the shallow Continental Shelf it underwent great
palaeogeographic change throughout the Pleistocene, regularly becoming a terrestrial
extension of the Armorican Massif when sea-level fell. The geological bedrock in the
Normano-Breton gulf is varied, composed of diverse lithologies, for example
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Precambrian and Paleozoic rock, including schist, sandstone, gneiss and granite; these
rocks formed the Channel Islands and reefs visible today (Adams 1976; BGS 2000b;
Hüet 2006; Monnier 2014). However, during the Cretaceous period the bedrock in the
northern part of the Normano-Breton Gulf was overlain by chalk deposits, this event
was followed by the extensive deposition of Eocene limestone across the area during
the Tertiary (Renouf 1993; Sebire and Renouf 2010). Due to its volcanic origin and
related tectonic action, the underlying structure of the Normano-Breton Gulf is
topographically complex, with the overlying Pleistocene drainage deposits creating a
sea floor populated with deep valleys and channels, for example the Ruau Channel
located to the north of Jersey (Callow 1988). In periods of lowered sea-level these
channels were home to river systems, draining both from the Channel River and French
coastline (Lefort et al. 2011).
6.2.2. The Middle Pleistocene of the Normano-Breton Gulf
The Normano-Breton Gulf and northwest France are archaeologically significant due
to the Middle Pleistocene sites preserved there, particularly in light of the proposed
low density and small group size of Neanderthals in the area (Conard et al. 2012;
Churchill 2014; Locht et al. 2015). Locht et al. (2015) suggest that occupation of the
area was characterised by small groups of hominins moving through large open
landscapes. Despite this, the presence of sites that preserve evidence of co-operative
hunting of megafauna, such as La Cotte de St. Brelade, may suggest the existence of
larger Neanderthal groups (Scott et al. 2014; Spikins et al. 2017, p. 135).
Remaining evidence of Middle Pleistocene hominin activity in the Norman-Breton
Gulf is generally located along the modern coastlines, with deposits preserved in
elevated cave sites and on plateaus or sheltered by rocky outcrops and dune systems
(Callow and Cornford 1986; Coutard and Cliquet 2005). These sites would not always
have been coastal, as at the time of occupation sea-level may have been lower linked
to cooler climatic conditions. During these cool periods the Continental Shelf would
have become a substantial terrestrial area, interlaced with westward draining braided
river systems and estuaries, providing key resources for hominins (Antoine et al. 2003;
Haws et al. 2010). It is likely that this open landscape, punctuated by the raised
plateaus of the Channel Islands and nearby reefs, was also home to large herbivores,
such as mammoth and woolly rhinoceros (Callow 1988; Monnier 2014).
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Evidence of hominin presence in the Normano-Breton Gulf is found at sites in western
and northern Normandy, northern Brittany and the Channel Island, Jersey (Figure 41).
The site of La Mondrée off the coast of Fermanville, Normandy, is thus far the only
known submerged site with Neanderthal archaeology, which has been dated to MIS 5
(Bailey and Flemming 2008; Cliquet et al. 2011; Coutard 2000; Coutard and Cliquet
2005). Archaeological material from the Early Middle Pleistocene (MIS 9-7; White et
al. 2006) is less common, due to issues of preservation (Locht et al. 2015), however
deposits dated to the Saalian are preserved. In Pléneuf-val-André, Brittany, there are
three sites with archaeological deposits from the Saalian period, the occupation at
Piegu (level G) is dated to late MIS 7/ early MIS 6 and Les Vallées (layer 19), Nantois
(layers 28-30), and Piegu (level J) date to MIS 6 (Bahain et al. 2012). In Val de Saire,
northern Cotentin peninsula, two sites date to the Early Middle Palaeolithic, the
occupation at Port-Pignot occurred at the end of MIS 7 and Gouberville-la Lande du
Nau during stage 6 (Cliquet et al. 2003; Coutard and Cliquet 2005).
Further west into Normandy is the site of Le Pucheil, which has two Saalian
occupations, layers A-C in MIS 7 and layer B in MIS 6 (Lazuén and Delagnes 2014)
and Biache-Saint-Vaaste (layers H, E, IIA, IIbase, D0), dated to MIS 7 (Hérisson 2012;
Locht et al. 2016). Saalian deposits are found on Jersey at La Cotte de St. Brelade,
represented by ten archaeological units (layers H-6.1) dated from MIS 6-7 (McBurney
and Callow 1971; Callow and Cornforth 1986). It has been suggested on the basis of
lithic technology and environmental data (Mills in press) that the archaeological
material at La Cotte à La Chèvre on the north coast of Jersey relates to a Neanderthal
occupation during MIS 7, however this has not been confirmed with radiometric
dating. These archaeological sites are the only existing evidence of the wider
occupation of the region during the Early Middle Pleistocene.
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Figure 41: Map of the Normano-Breton Gulf with the sites mentioned in text highlighted. A: La Cotte de St. Brelade, B: La Cotte a la Chèvre, C: Le Rozel,
D: La Mondrée, E: Le Pucheil F: Port Pignot G: Biache-Saint-Vaaste, H: Mont Dol, I: Les Vallees, J: Nantois, K: Piegu, L: Pen Hat M: Menez-Dregan, O:
Kervouster.
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6.2.3. Introduction to La Cotte de St. Brelade
La Cotte de St. Brelade is located on Jersey, the largest landmass in the Channel Island
archipelago (Guernsey, Alderney, Sark and Herm). Today the Island is a rocky outcrop
composed of predominantly of igneous rock measuring approximately 15x10 km,
located just c.20 km from the Normandy coastline. However, for much of the Middle
Pleistocene Jersey was part of the wider Channel plain, with a sea-level fall of just 20m connecting the island to France (Callow 1988). During cooler periods it would
have resembled a raised plateau in a diverse landscape intersected by the raised rocky
reefs of the nearby Minquiers, Ecréhous, and the Iles de Chaussey. La Cotte de St.
Brelade is located on the southwest coast of the island preserved within a granitic
outcrop at the eastern end of St. Brelade’s Bay. The archaeological deposits were
originally located in a t-shaped ravine system and, prior to excavation, measured 60m
in depth (Callow 1986a). These deposits represent a long sequence of occupation
beginning at approximately 238 kya and spanning the Saalian – Weichselian periods
of the Middle Pleistocene from MIS 7-3 (Callow 1986, 1988; Shaw et al. 2016).
This repeat visitation by hominins in both cool and warm periods indicates that La
Cotte de St. Brelade was a focal point within the Norman-Breton Gulf, perhaps due to
its elevation and visibility on the Channel plain (Callow 1986; Sebire and Renouf
2010; Scott et al. 2014). Shaw et al. (2016) suggest that this intra-generational use of
the site in different climatic and environmental conditions further supports its
importance as a persistent place within the wider Neanderthal landscape. The
excavated material from La Cotte de St. Brelade includes lithics, faunal remains, and
six Neanderthal teeth, representing two individuals (Stringer and Currant 1986). The
site is perhaps most famous for the collections of megafauna referred to as the ‘bone
heaps’ located in the top of layer A and layer 5 (MIS 6), which have been used to
suggest co-operative hunting by Neanderthals at the site (Scott 1980, 1986; Scott et al.
2014). The Saalian deposits at La Cotte de St. Brelade are represented by ten
archaeological layers (H-6.1) that amount to over 5m in total thickness (McBurney &
Callow 1971; Callow & Cornford 1986). The sequence can be divided into two main
climatic periods the oldest layers (H-C), which reflect a temperate climate, followed
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by layers D-6.1, representing a cool to cold environment (Callow 1986a; Shaw et al.
2016).
6.2.4. Excavation History and Modern Research
La Cotte de St. Brelade has an extensive history of excavation and research amounting
to around 130 years of excavation, beginning at its discovery in 1881 by Samuel
Dancaster and T. Saunders (no record of first name) (Nicolle and Sinel 1910). Shortly
after this, preliminary excavations were carried out in 1894 and 1905 but the site was
deemed too dangerous to continue (McBurney and Callow 1971) The first official
excavation season was overseen by the Société Jersiaise, the learned society based on
Jersey; it was led by Edmund Nicolle between 1910-1913 and Robert Marett, 19131919 (Nicolle and Sinel 1910). Excavation was interrupted by World War 1 but
recommenced from 1935-40 under the direction of the Jesuit Priest Father Burdo,
however war once again halted work as the Nazi occupation of Jersey began in 1940
(Burdo 1960). Burdo recommenced excavation in 1950 but retired due to ill health in
1958, this marked the end of the first two periods of investigation (Burdo 1960;
McBurney and Callow 1971).
The site was revisited by Professor Charles McBurney of Cambridge University, who
excavated between 1961-1978, this marked an important shift towards a more
sophisticated recording system including the 3D position of artefacts within the
stratigraphy (Callow and Cornford 1986). McBurney recovered the entirety of the
Middle Pleistocene sequence during these excavations, ensuring that all artefacts
dating to this period are accompanied by strong contextual information. Unfortunately,
McBurney died unexpectedly in 1979 and the final short excavation in 1980 and
subsequent publication of the site monograph fell to his colleague Paul Callow (Callow
and Cornford 1986; Pope et al. 2015). After this a concrete wall was constructed with
the aim to preserve remaining deposits at the site and excavation ceased.
Re-investigation of La Cotte de St. Brelade began in 2010 led by the Quaternary
Archaeology and Environments of Jersey (QAEJ) project, which ran from 2009-2012;
this project undertook keyhole excavation at the site and was able to locate intact
deposits, in-situ artefacts, and re-visit key stratigraphic issues (Pope et al. 2012). The
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positive results achieved by QAEJ identified the potential for both future excavation
and re-analysis of archival material, developing into the Ice Age Island and Threshold
projects, which ran from 2013-2015 (Pope et al. 2015). A curatorial project the
‘McBurney Archive Re-organisation Project’ was also undertaken at this time, which
involved the re-organisation of 96,919 artefacts excavated by McBurney to reflect their
original location within the site rather than by typology. This process involved artefact
relocation and the creation of digital records, permitting the collections to be studied.
These collections could not be safely studied prior to this re-organisation because they
were organised by a unique and idiosyncratic typology used by Professor McBurney.
Another facet of this renewed investigation of La Cotte de St. Brelade was the
investigation of the wider landscape occupied by hominins during the Middle
Pleistocene, with researched focused on the intertidal zone of Jersey and offshore
bathymetric survey
6.2.5. Flint Use at La Cotte de St. Brelade
Over 100,000 lithic artefacts were excavated from the Middle Pleistocene sequence by
McBurney during the course of the 1961-1978 excavations (McBurney & Callow
1971; Callow & Cornford; 1986; Shaw et al. 2016). These artefacts were re-organised
as part of the McBurney Archive Re-organisation Project and are housed in the Jersey
Museum Stores in Augres, Jersey. The majority of lithic artefacts from La Cotte de St.
Brelade are made from flint, which is particularly significant as there are no primary
outcrops on, or proximate to, Jersey (McBurney and Callow 1971; Callow 1986). The
unusual dominance of non-local stone in the archaeological assemblage was first noted
by McBurney and Callow (1971), who raised the question of where in the surrounding
landscape hominins were acquiring the raw material to make artefacts. There is
evidence of both primary and secondary flint source use at La Cotte de St. Brelade
(Callow 1986; McBurney and Callow 1971).
The early study of the lithic assemblages also revealed that the proportion of flint used
varied between the archaeological layers, appearing to decrease through time from
Layer E onwards (McBurney and Callow 1971). The initial explanation proposed for
this variation was the gradual inaccessibility of areas of primary source flint in the
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Norman Breton Gulf due to rising sea-level prior to the MIS 5e (McBurney and Callow
1971). However, it was later suggested that the decrease in flint use instead related to
the increased distance of active beaches containing flint cobbles/pebbles from the site
as sea-level receded (Callow 1986). Callow (1986) noted that more than one flint
source must have been accessed by hominins to account for the variability of flint types
present in the archaeological assemblages. This suggests that Neanderthals at La Cotte
de St. Brelade were collecting flint from sources located in the wider landscape, that
more than one source was accessed, and that the availability of these sources was not
constant through time.
The distribution of flint sources in the Norman Breton Gulf influenced the use of raw
material by hominins at other Middle Pleistocene sites in the area, for example in
Brittany lithic industries demonstrate a reliance on flint beach pebbles and the
supplementation of non-flint raw materials is common (Lefort et al. 2011). The use of
other stone, such as glossy sandstone quartz and dolerite, was more frequent in periods
of extreme high and low sea-level when offshore resources could not be accessed, or
flint rich shorelines were distant from the area of occupation (Huet 2007). Sites in
Brittany with assemblages containing only flint are unusual, but appear to occur in
moderately cool environments such as during the transition between glacialinterglacial, for example the Neanderthal occupation at Mont Dol, which dates to MIS
5d (Monnier 2014).
Middle Pleistocene sites from Normandy display a contrast as flint more commonly
derives from sources on the Cotentin, rather than secondary source beach flint (Cliquet
and Monnier 1993). This suggests a different raw material acquisition behaviour in
this area, potentially influenced by the proximity to primary sources of flint, which
eroded from chalk outcrops during cooler periods. Evidence of direct exploitation of
autochthonous flint is proposed at the submerged site of La Mondrée, which is located
offshore the coast at Fermanville proximate to areas of Upper Cretaceous chalk. The
assemblage recovered from this site contains large artefacts made from substantial
nodules of flint, that do not show signs of weathering or wave erosion. It has been
proposed that these derive directly from exposed chalk deposits or clay-with-flint
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found in the eastern Cotentin (Cliquet 2011; Coutard and Cliquet 2005). Therefore, it
appears that distinct trends are observed between the presence of flint types across the
Norman-Breton Gulf, potentially relating to the composition of the lithic landscape
proximate to Neanderthal occupation sites. There is clear future potential of the lithic
assemblages preserved in these sites for comparison with La Cotte de St. Brelade,
which is discussed further in Chapter 7 (Section 7.7.2). This research forms a
fundamental step towards considering raw material use across the landscape rather
than at single occupation sites and will hopefully catalyse the development of
collaborative projects studying raw material across the region.

6.3.

Reconstructing Flint Sources in the Norman-Breton Gulf

6.3.1. Research Design
This case study was designed in order to address questions relating to flint source use
at La Cotte de St. Brelade raised in Chapter 1 (Section 1.8), exploring aspects of the
wider hominin occupation of the Norman-Breton Gulf through reconstructing where
raw material was acquired from in the landscape. The flint sourcing procedure was
developed to include methods found effective in the review of provenancing literature
that could be adapted to suit the context of the research area (Chapter 2). One of the
key considerations at La Cotte de St. Brelade is whether flint artefacts present in the
lithic assemblages made by Neanderthals derive from primary or secondary sources.
The use of both of these types of flint, reflecting different raw material acquisition
strategies and movement in the now offshore landscape. Currently, flint types have
been designated via visual analysis, with primary and secondary flint identified using
aspects such as colour, weathering and cortex (Chapter 2, Section 2.9). It is generally
accepted that the dark grey to black flint derives from the Upper Cretaceous chalk and
has been it has been suggested that brown and lighter grey may come from the
limestones of the Cotentin (Callow 1986).
Although no primary flint outcrops can be directly surveyed in this area due to
inundation by sea-level in the Holocene, the variety of flint types present and the
palaeogeographic restrictions imposed by climate and environment allow an
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interpretation of source presence and availability during different Neanderthal
occupations of the site (McBurney and Callow 1971). The sourcing process described
below was therefore designed specifically to explore the acquisition of flint by
Neanderthals in the now submerged area, adopting a methodology focused on
identifying groups within artefacts of an unknown source to suggest potential shared
geological origin (see Orton and Hughes 2013, p. 169). The direct relationship between
artefact and source cannot be tested, yet groupings of artefacts, combined with the
extensive contextual data available may provide insight into potential source use.
The first stage of the sourcing process was to reconstruct the Upper Cretaceous
geology in the Norman-Breton Gulf, including where deposits of primary and
secondary flint may be located, and their proposed age of formation. This was a
particularly important stage of analysis, as due to modern sea-level a direct geological
survey could not be undertaken. A desk-based assessment of the distribution of flint
sources was therefore key in establishing potential raw material acquisition points in
the landscape. Possible environmental agents with the potential to distribute or
aggregate allochthonous flint, for example riverine and marine action, were also
considered. At this point field survey was undertaken on the modern beaches and the
intertidal area surrounding Jersey, in order to establish whether flint suitable for
knapping was present. The combination of the desk-based research and fieldwork
provided a comprehensive assessment of flint distribution in the Norman-Breton Gulf
based on available evidence and resources.
The second part of the sourcing methodology was to select artefact assemblages for
analysis from La Cotte de St. Brelade, layers E, A, and 5 were chosen because they
represent well defined chronologically separate occupation deposits occurring during
different climatic periods. Approximately 200 artefacts were analysed from each layer,
aiming to maximise the information gained about each assemblage and create a robust
dataset representative of raw material use in the region. The artefacts were first subject
to macroscopic analysis using the methodology discussed in Chapter 4 (Section 4.3),
as it is an important precursor of all sourcing studies, potentially identifying groups of
similar artefacts and those made from primary and secondary sources via visual
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characteristics. As part of this analysis, they were also analysed technologically, in
establish any correlation between artefact type and raw material group.
In order to further investigate the use of different flint sources at La Cotte de St.
Brelade these artefacts were also analysed by the geochemical profiling technique
pXRF (as discussed Chapter 2, Section 2.12.4). Geochemical profiling was selected as
an appropriate addition for this case study due to its proven efficacy within
provenancing studies (Chapter 2). The geological case study supports the proposal that
discrete geological sources share a geochemical signature, for example the results of
the lateral sampling across the Portsdown chalk anticline (Chapter 5, Section 5.6). It
also demonstrates that proximate sources within a geological province can be
identified by separate geochemical signatures, therefore suggesting that the elemental
signatures of artefacts are likely to relate to their original sources. In the context of the
Norman-Breton Gulf it is key to establish whether these different geochemical groups
exist and if they correspond to specific source areas, such as primary or secondary
deposits. The pXRF device, despite acknowledged analytical restrictions (Chapter 2,
Section 2.13.4), remains one of the only methods able to analyse artefacts without any
breakage or damage to their surface. Using a non-destructive form of technology was
deemed crucial as this sourcing methodology required data collection from a large
quantity of artefacts. The choice of analytical tool was also dictated by access to the
archaeological collection, which is located on the island of Jersey. The amount and
combined weight of the artefacts meant that they could not be exported and at this time
there is no scientific facility on Jersey that was able to provide another form of
appropriate analysis, for example LA-ICP-MS, therefore the portability of the
instrument was key.
The final part of the submerged sourcing methodology was to compare the
macroscopic, technological and geochemical data in order to suggest potential
relationships between the artefacts and their proposed source. These results were
presented alongside the data regarding the climate and environment at La Cotte de St.
Brelade during the separate Neanderthal occupations, and also with contextual
information from the wider archaeological assemblages, such as the presence of
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specific fauna. The combined information was then discussed in light of the themes
presented in the review of raw material acquisition behaviour (Chapter 3), for example
how hominin behaviour varied in flint rich and poor landscapes and whether specific
artefacts were made from distinct types of flint. Overall the sourcing methodology
aimed to surmount challenges presented by the research area, primarily the
inaccessibility of the now submerged Continental Shelf, by detailed analysis of the
specifically selected archaeological assemblages within a wider framework of
contextual data (Figure 42).

Figure 42: Schematic diagram of how the multiple methods of analysis employed in this case study
contribute towards a wider understanding of hominin flint acquisition in the region. It demonstrates the
influence of the specific methodologies on archaeological interpretations displaying how the link
between raw material use and the reconstruction of Neanderthal behaviour.

6.3.2. Upper Cretaceous Deposits in the Western Channel
A desk-based assessment of Cretaceous geology in the Western Channel was carried
out using geological maps, focused on the solid geology and seabed sediments
surrounding the Channel Islands and the Normano-Breton Gulf (BGS 1989; BGS
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2000). This was supplemented by geological maps and discussion of deposits in the
wider Channel found in published work by (Donovan 1972; Evans 1990; Smith 1975).
This provided an overview of the geological composition of the Channel and NormanBreton Gulf, with a particular focus on solid geology and the location of submerged
Upper Cretaceous deposits that were likely to be flint bearing. The desk-based
assessment also considered aspects of the Channel geomorphology, such as evidence
of the proposed mega-flood occurring around MIS 9, which greatly altered the
Cretaceous geology present on the seabed (Collier et al. 2015; Gupta et al. 2017). This
provided an indication of the potential locations for primary outcrops of flint, restricted
to chalk bedrock; it also indicated the proposed ages of Cretaceous flint in different
areas of the Channel (Evans 1990, p. 60-61; Donovan 1972). The location of secondary
deposits of flint was explored and data from published grab samples taken from the
thesis of Pierre Hommeril was used to propose their availability, although the sampling
was restricted to the Normano-Breton Gulf (Hommeril 1967).
6.3.3. Potential Location and Age of Primary Flint Sources
Reconstructing the distribution of Upper Cretaceous chalk in the Western Channel is
important as it may have provided a source of primary flint directly accessed by
hominins in the area or been the parent rock of allochthonous flint sources distributed
by environmental processes. The results of the geological desk-based assessment
indicate the presence of Upper Cretaceous chalk on the fringes of the Continental Shelf
towards the central Channel. The chalk is thickest in the northern part of the Western
Approaches Trough where the full succession of chalk stratigraphy was deposited in a
single event during the Upper Cretaceous (Evans 1990, p. 56). However, during the
Cenomanian the chalk transgression towards the Norman-Breton Gulf was slow due
to the elevation of the Armorican Massif and the limit of deposition was around the
centre of the Western Approaches Trough (Evans 1990, p. 58; Donovan 1972).
As sea-level rose extending to cover the northern part of the Cotentin Peninsula chalk
deposition occurred from east to west, finally reaching the Channel Islands by the
Maastrichtian (Evans 1990, p. 56; Donovan 1972). The topographic complexity and
tectonic activity meant that chalk onlapped this area in a non-conforming manner and
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the absence of the lower parts of the Upper chalk indicate that it was substantially
higher than the surrounding landscape at the time of deposition (Evans 1990, p. 58).
This suggests that the full succession of chalk is not present in the area proximate to
the Channel Islands. During the Palaeocene this chalk was overlain by widespread
deposits of Tertiary rock, in a west-east transgression, covering much of the Armorican
Massif (Smith and Curry 1975). These events in the Western Channel resulted in the
existence of discrete chalk outcrops that were present either due to erosion of overlying
tertiary rock or their elevation in the landscape; contrasting the widespread Cretaceous
deposits on the seabed of the central Channel (Figure 41).
Modern geological mapping shows this primary chalk outcropping in three principal
areas across the Norman-Breton Gulf; an area between Jersey and Guernsey, one to
the north of Guernsey, and a third to the south of Alderney (BGS; Figure 43; Table
10). Anecdotal observations also mention outcrops existing between Jersey and L’Iles
de Chaussey and Le Minquiers (Callow 1986d). The location of these chalk outcrops
is supported by grab samples of geological material taken between the Schôle and
Flamanville Massive that demonstrate flint content in association with their proposed
locations (Hommeril 1967). It is likely that these chalk outcrops date to the mid-late
Upper Cretaceous due to the elevation of the Armorican Massif and slow east to west
marine transgression (Evans 1990, p. 58; Smith and Curry 1975). Based on this,
Donovan (1972) suggests that Armorican chalk formed during the late Campanian or
Maastrichtian. As these outcrops occur in association with tertiary deposits, it is likely
that, at least at the highest point of exposure, they are composed of the youngest Upper
Cretaceous deposits.
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Figure 43: The Cretaceous outcrops are highlighted with their positions in relation to the
modern Channel Islands and coastlines.

Table 10: The chalk outcrop size was derived from digital measurement of BGS map of Guernsey solid
geology (2000). Information derived from Callow (1986, p.205) and Renouf (2005, p. 9) was used to

234

suggest sea-level fall and source access. Table reproduced with permission from unpublished MSc
thesis of Mills (2015, p. 21).

As they are now submerged it is impossible to directly describe characteristics of the
primary chalk outcrops, such as their, height and flint content. However,
reconstructions of seabed geometry in the Central Channel have revealed tear-drop
shaped chalk islands with dimensions ranging between 2-20km long, 0.5-10km wide
and 10-20m high; these features originate from erosion linked to high energy river
systems (Collier et al. 2015). Although this survey was not conducted in the Western
Channel it is possible that erosive agents acted on the Upper Cretaceous exposures in
this area, creating these raised islands that when terrestrial, could have acted as points
for hominins to access primary flint resources.
These areas of Upper Cretaceous chalk would only have been available to hominins
during periods of lowered sea-level associated with cool-cold climates. Lack of
vegetation cover associated with colder climate would also have made primary
outcrops more visible within the landscape, whilst erosion linked to glacial conditions
freed flint from the substrate (Locht et al. 2014; Shaw et al. 2016; Section 3.6.4). The
inverse is seen during interglacial conditions where a proliferation of vegetation may
mask deposits of both primary and secondary flint, making access more difficult
(Locht et al. 2016). The only existing direct evidence of primary flint is found in Jersey
Museum’s geology collection, which is housed at the Francis Cook Gallery archive, it
is a large nodule approximately 60x70cm (Figure 44A and B). Museum documentation
indicates that this nodule was dredged from the sea floor near the Casquets Reef, a
predominantly submerged sandstone ridge 1.5 miles in length (east to west) and 0.5
miles across, located 13km to the northwest of Alderney (Hill 1889). Although access
to this nodule for destructive sampling via ICP-MS was sought its position as a
museum specimen complicated this. Permission to remove a small sample from the
nodule was granted in April 2018, however this occurred after the bulk of ICP-MS
analysis had been performed. The author was able to collect pXRF data from the large
nodule at this late stage and this data has been retained for future comparison.
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Figure 44: A: This large nodule is the only known example of primary source flint from a submerged outcrop in the Western Channel. According to museum documentation it
was dredged from an area of Cretaceous bedrock close to the Casquets Reef to the northwest of Alderney. The nodule is approximately 60x70cm with cortex that displays some
signs of marine weathering yet retains intact burrow-like thallasinoidean structures, suggesting it has not been moved far from its original source. B: A close up of an exposed
area of inner flint that reveals the predominantly dark grey colour but with light grey amorphous areas that may reflect void filling by chalcedony and do not appear to be
calcareous inclusions. It provides a good example of how primary flint nodules retain chalky relatively non-weathered cortex proving useful for comparison with flint artefacts
from La Cotte when interpreting their original geological provenance (photographs taken by the author with permission of Jersey Heritage).
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6.3.4. Potential Sources of Secondary Flint
Despite the relative rarity of chalk outcrops on the Armorican Massif secondary source
flint was likely to have been widely available across the Normano-Breton Gulf, this is
demonstrated both by its presence in archaeological assemblages (Callow 1986d;
McBurney and Callow 1971) and in grab samples taken from the modern seabed
(Giresse et al. 1971; Hommeril 1967), as shown in Figure 45. These allocthonous flints
likely derive from the marine or fluvial erosion of primary chalk outcrops that were
exposed during period of lowered sea-level; alternatively, it has been suggested that at
least some deposits of secondary source flint are erratics related to glacial activity in
the area (Keen 1975). Secondary flint may also have been freed from the bedrock by
climate driven marine action as the sea rose and fell eroding areas of Cretaceous chalk.
In periods of slowly lowering sea-level, this process produced secondary sources
known as relic beaches where semi-stationery shorelines aggregated deposits
containing flint pebbles, providing an important source of raw material for hominins
across the area (Lefort et al. 2011; Locht et al. 2015). This is particularly evident in
the Iroise Sea to the southern end of the Norman-Breton Gulf where Lefort et al. (2011)
demonstrate the importance of flint sources present in preserved relic beaches for local
lithic industries.
The distribution and availability of secondary source flint can be evidence by its
presence in relic/raised beach deposits, which relate to former high sea-level stands,
preserved in coastlines across the Norman-Breton gulf. Keen (1978, 1975) conducted
a survey of relic beaches in the Channel Islands and concluded that flint was present
in higher proportions on the north coast of Jersey, Guernsey and Alderney, suggesting
the distribution of allochthonous flint relates to marine erosion moving deposits
southwards from the northern Cretaceous sources. Secondary flint was also distributed
across the Armorican Massif by extensive river systems in the area, for example the
Ay and Sienne, which border the north and south coasts of Jersey. These westwards
flowing rivers may have eroded the tertiary bedrock freeing flint from underlying
Cretaceous deposits, or aggregated superficial gravel resources including flint
(Antoine et al. 2003). These secondary deposits would have been available in periods
of when the sea-level was lower as offshore river networks became accessible, and
both active and relic beaches were available in the landscape. It has been suggested
that river systems predictably aggregate flint raw material, making it more likely to be
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exploited by hominins. However, as demonstrated by the archaeological assemblages
from northern Brittany, during cold glacial conditions the recession of the active
shoreline prompted hominins to use non-flint raw materials, such as glossy sandstone,
due to scarcity of flint resources. It is likely that secondary sources were most
commonly available in coastal deposits at high sea-levels, or in the immediate offshore
area present in slightly cooler climates. A summary of the known distribution of
Primary and Secondary sources is presented in Figure 46A and B.

Figure 45: The location of the secondary deposits surrounding the Channel Islands. Adapted
from Lefort et al. (2011) with data from Hommeril (1967).

238

Figure 46: This Figure summarises the available information about flint availability in the NormanBreton Gulf. Map A presents the solid geology of the region including the Upper chalk, which exists in
a small deposit between Jersey and Guernsey and in larger outcrops towards the central Channel. Map
B demonstrates the position of grab samples containing flint nodules, demonstrating the presence of
allochthonous flint free from the substrate. The solid geology is based on British Geological Survey
Guernsey Solid Geology (2000) and grab sample data from Hommeril (1967).
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6.3.5. Fieldwork
In order to assess the presence of secondary source flint in the area surrounding Jersey
a program of surveying was conducted. This was carried out in July 2016 with survey
locations based on the presence of flint in unpublished stone count data collected by
geologist Dr Peter Hoare in 2014. The beaches targeted were on the north coast of
Jersey, based on the observations of Keen (1975) that flint presence was higher in this
area. The investigation of extant beaches on Jersey demonstrated a comparatively low
flint content and when present nodules are generally smaller than 10cm in length and
display signs of weathering (Figure 43B). The conclusion was reached, in accordance
with Callow (1986d), that no flint deposits analogous to those used at La Cotte remain
on the island. Despite this it was observed that flint existed in higher quantities on the
north coast, for example at Greve de Lecq where several larger iron stained nodules
were located. This may be due to the presence of flint outcrops offshore, or the bay’s
steep coastal profile which, contrasts the shallower sandy beaches found on the south
coast. However, further comparison is difficult as several beaches on Jersey have
undergone replenishment, such as Anne-Port, where flint gravels have been imported
from Ireland and Norway to combat modern erosion (Bird 2011, p. 219; Technical and
Transport Services, Jersey Government). There is also the risk that larger nodules
recorded were brought to the island historically as ship’s ballast (Callow 1986d).
Field survey was conducted in the intertidal zone of Jersey in July 2017. Advice was
sought from local guide Dominic Jones, who led a guided walk to Violet Bank, an area
of high elevation between Jersey and Seymour Tower (Figure 47A). The survey took
place at a spring tide to maximise the area available and focused on identifying capture
points where secondary flint may have been preserved. The aim of the offshore walk
was to observe any features such as these however, it was not conducted using
transects as the focus was on following the guide in order to avoid unsafe areas whilst
covering as much ground as possible. Due to the topography of Jersey and the
surrounding Continental Shelf this area was the only suitable offshore location that
could be accessed at this point. The offshore survey aimed to investigate whether any
deposits of secondary flint were preserved in capture points between the coast and
Seymour Tower, however only small pseudoflints were found, potentially associated
with the nearby tertiary bedrock. The superficial sediment appeared highly affected by
extensive tidal scour and strong currents in the area meaning that the modern seabed
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was relatively disturbed; despite this, archaeological finds have been reported in the
intertidal zone, including a mammoth tooth (Dr Arthur Hill pers comm.). Overall this
survey corresponded with the onshore evidence as no flint suitable for knapping was
located.
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Figure 47: A: A view of the offshore landscape taken from Seymour Tower, which is located on the
rocky outcrop of L’Avarison 2km to the east of Jersey’s modern shoreline. The image was taken at the
seas lowest ebb during a spring tide when field survey was conducted. Tidal scour has exposed the
granitic bedrock; however, several areas of sediment have been preserved suggesting the potential for
capture points in the seabed structure, which may yield flint pebbles. B: Examples of flints thought to
be derived from secondary deposits found in samples from modern beaches on Jersey (from left to
right), a small flint pebble showing pitted cortex and wear from the sea (Bonne Nuit), a dark wave
broken flint (Bonne Nuit), a small beach pebble (Bonne Nuit), Orange ferruginous flint (Fliquet), similar
orange flint with milky white patination (Rozel), orange piece with significantly thick cortex (Greve
d’Azette).
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6.4.

Macroscopic and Geochemical Analysis of Artefacts

6.4.1. Selection of Artefacts
Flint artefacts were selected for analysis from three chronologically distinct
archaeological layers, E, A, and 5 (Figure 48). These layers were chosen because they
represent temporally separate occupations at La Cotte that took place during diverse
climatic and environmental conditions, thus providing an insight into raw material
acquisition by different groups of Neanderthals visiting the site. The assemblages from
these layers were also studied by Dr Andrew Shaw as part of the ‘Crossing the
Threshold’ project, therefore this research will compliment conclusions drawn from
his work, contributing to the wider re-investigation of La Cotte de St. Brelade (Shaw
et al. 2016; Pope et al. 2018). This will provide insight into raw material acquisition
in several landscape settings and demonstrate whether there is a change in flint source
use over time that is reflected geochemically and macroscopically.
Artefacts were selected from within the assemblages for further analysis based on
several key criteria highlighted in Chapter 2. Initially any artefacts with obvious patina
or weathering were removed as this can influence geochemical results (Cackler 1999).
For a similar reason any artefacts that had adhering surface contaminants, for example
lichen-like deposits common in some areas of the site were not analysed. However,
this did not pose a significant issue as patina and weathering were generally rare across
the assemblages. Following this only those with a suitable flat area large enough to
cover the c. 1cm diameter window of the pXRF instrument were chosen, this is due to
measurement issues caused by irregular surfaces and the analysis of artefacts smaller
than the detection window (Hughes 1986; Jones et al. 1997; Liritiz and Zacharias
2011; Newlander and Lin 2017). In each layer a section of artefacts were taken from
across the layer in order to gain a full perspective of the lithic diversity. However, as
noted by McBurney and Callow (1971) little variation in raw material diversity
occurred horizontally within the layers, therefore although these artefacts are a subsample, it is likely that they represent flint variation well in each layer.
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6.4.2. Layer E
Layer E is dated to Stage II of the La Cotte sequence accumulating during a temperate
phase of MIS 7, approximately 240-190 kya; it is the oldest of the three assemblages
analysed (Callow 1986; Figure 48). This layer is particularly significant as it is the
only stratigraphic section of the lower deposits (H-C; Figure 48) that has not
undergone any re-working by environmental processes; therefore, all artefacts were
excavated in situ with good contextual data (Shaw et al. 2016). The layer is composed
of a slope deposit containing pollen and forest soils that indicate a relatively warm
climate (Callow 1986; Jones 1986; Shaw et al. 2016). Due to the warmer climate the
occupation related to Layer E occurred in a period of higher sea-level where the site
was located on a terrestrial peninsula extending from the French coastline. This
suggests that the subsistence area surrounding the La Cotte was reduced (Callow
1986). As Layer E is associated with Stage II and the lower granitic sand member,
bone preserves poorly, and the only intact faunal specimens found were two
rhinoceros’ teeth (Scott 1986, p. 112). However,

due to the warm climate

Neanderthals present at the time would have likely had access to medium mammals
present throughout the year, for example horse and red deer (Callow 1986c; Scott
1986, p. 112). Layer E is a highly anthropogenic layer with considerable evidence of
human activity, including trampling and burning (Shaw et al. 2016). Despite this Shaw
et al. (2016) propose that the type and quantity of lithics present suggest short term
repeated occupation, this is partly due to the lack of supplementary material used to
make artefacts (see McBurney and Callow 1971).
The lithic assemblage from Layer E is predominantly based on notched flakes,
denticulates and scrapers with a relatively low tool count <20% (Callow 1986d). It
has been suggested that artefacts were made predominantly from beach flint, due to
the frequency and condition of cortex, with 81.5% of the total assemblage identified
as secondary source (Shaw et al. 2016). The high quantity of flint used during this time
also indicates that these allochthonous deposits were abundantly available in the local
landscape, in particular a grey opaque flint that is unique to layers H-F (Callow 1986d).
Due to its distinct macroscopic qualities this grey flint was defined as a potential raw
material unit (RMU E), by Shaw et al. (2016). The frequency of secondary sources in
Layer E directly relates to the proximity of the coastline, which formed flint rich
beaches close to the site. The high sea-level also rendered all known primary deposits
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inaccessible, further raising the likelihood of allochthonous flint use. The lithic
technocomplex lacks heavily retouched artefacts and reflects a low proportion of tools
indicating an absence of raw material conservation. This occurs in direct contrast to
later layers where flint resources appear to be more scarce (Callow 1986). Overall the
assemblage from Layer E provides a well-suited proxy for occupations at La Cotte
during temperate climates, which contrasts visits during cooler conditions.

Figure 48: A cross section of the archaeological deposits spanning the Saalian, Weichselian and post
MIS 5e deposits from La Cotte de St. Brelade (Figure taken from Shaw et al. 2016, p. 1143).
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6.4.3. Layer A
Layer A formed during a cool-cold period around the transition from MIS 7 to 6, it is
part of the Saalian sequence of La Cotte Stage III (Callow 1986; Figure 48). A cooler
climate is supported by palynology, but it is likely that hominin activity took place
prior to full glacial conditions, when the site was abandoned (Callow 1986; Shaw et
al. 2016). Bone is extant in this layer due to the presence of alkaline loess deposits
meaning that the faunal assemblage is well preserved. It is composed of a variety of
cryophilic herd animals that are well adapted to steppe-like conditions, for example
woolly rhino, red deer, horse, reindeer, giant deer, cave bear and mammoth (Scott
1986, p. 115). A significant collection of woolly mammoth and rhino bone is located
at the top of layer A, known as the lower bone heap (Callow 1986; Scott 1986, P. 115).
The cool climate of Layer A is assumed to have been accompanied by lowered sealevel, revealing an extensive terrestrial landscape around La Cotte, which exposed a
large subsistence area. Characteristics of the lithic technology in the assemblage, for
example resharpening of lithic material, suggest that Layer A represents a brief but
intensive visit to La Cotte by a group of mobile hominins (Shaw et al. 2016). This type
of occupation is typical of Saalian deposits at the site, which all display extensive
evidence of bone and lithics found in association (Callow 1986). A considerable
diversity of tool types were identified in this layer by Callow (1986), who notes that
microwear performed on the artefacts indicated their use for a wide range of activities.
The lithic technocomplex in Layer A is based on both beach pebbles and primary
source flint, with heavy resharpening of artefacts confirming the proposed decline in
available flint resources post Layer E (Shaw et al. 2016). This also supports Callow’s
(1986) previous suggestion that raw material abundance was directly influenced by the
distance of active beaches from the site, which increased considerably in cooler
climates resulting in the decreased use of flint (<40%) in Layer A (Callow 1986). This
means that the hominins present at this time would have needed to travel farther to
access flint, increasing their use of the surrounding landscape, this included the
collection and use of some secondary material, for example glossy sandstone (Callow
1986).
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6.4.4. Layer 5
Layer 5 is the youngest that lithics were analysed from dating to MIS 6 between
approximately 191-130 kya. It is part of the Saalian deposits that formed during La
Cotte Stage III (Callow 1986; Shaw et al. 2016; Figure 48). This occupation has
similarities with Layer A, for example it also took place in a period of cool climate
preceding full tundra conditions (Shaw et al. 2016). Cooling temperatures are
indicated by a faunal assemblage composed of cold steppic animals, such as reindeer,
mammoth and woolly rhino, which are present also present in another bone heap
(Callow 1986; Shaw et al. 2016; Scott 1986, p. 115; Scott et al. 2014). Pollen evidence
also suggests reduced vegetation, this, alongside the presence of windblown loess
again indicates large areas of open landscape. These conditions would have been
accompanied by a significantly lowered sea-level with associated availability of the
large subsistence area surrounding the site. Shaw et al. (2016) suggest that the
archaeological assemblage represents a relatively short occupation of the site by a
group of mobile foragers. The lithic assemblage found in Layer 5 supports this, as the
presence of small tools that exhibit resharpening and curation are indicative of a
mobile toolkit, there is also very little knapping debris at the site indicating tools were
made elsewhere (Callow 1986; Shaw et al. 2016). Artefact type is diverse including
side scrapers, truncated and notched flakes, levallois technology and burins with
microwear again demonstrating multiple activities (Callow 1986). Callow (1986)
notes unusual features of the Layer 5 lithic technocomplex, for example points with a
thick cross section not seen elsewhere at the site; the percentage of tools also increases
significantly to 35% of the total layer.
Layer 5 is particularly interesting from a raw material perspective as it is
macroscopically varied, and artefacts are predominantly made on local non-flint raw
material, such as rhyolite and glossy sandstone; despite this focus on proximate
subsistence area few artefacts are made on beach pebbles indicating a further decline
in availability (Shaw et al. 2016). This supports Callow’s (1986d) the theory that beach
pebbles would have been harder to access in cooler climates due to the recession of
active coastlines and this catalysed the change in raw material and technology from
MIS 6 onwards. Where flint is present a substantial proportion (37%) has been
designated by Shaw et al. (2016) as deriving from bedrock or near bedrock sources,
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implying that although site occupants used local non-flint they travelled to primary
outcrops. The use of these outcrops is linked to wider activity across an extended area,
potentially linked to raw material needs and increased source visibility in a landscape
with reduced vegetation. It has been observed that artefacts made from this type of
flint are comparatively small and exhibit curation/intensive use, supporting the
hypothesis that they have been brought to the site from a distance. Callow (1986) also
suggests that Layer 5 can be distinguished from the rest of the upper sequence by the
disappearance of medium-grey and by the high incidence of brown and grey-brown
flint (Callow 1986).

6.5.

Results of Analysis

6.5.1. Macroscopic Analysis
Visual analysis was conducted on each artefact as per the methodology outlined in
Chapter 4, Section 4.3. This included an assessment of the genetic and gitological
origin of flint, which is described in Section 4.3.1 and the technological composition
of the assemblages as per the methodology in Section 4.3.2. A summary of the results
of these analyses is presented in tables 11, 12 and 13, respectively. A total of 538
artefacts were studied from the three archaeological layers. Analysis focused on
features outlined in the methodology (Chapter 4), for example flint colour and cortex.
The aim was to address three key objectives, the identification and distribution of
visually distinctive flint, the recording of features indicative of the original source
accessed and aspects of the lithic technocomplex, which may reflect economic choices
made by hominins (Chapter 3, Section 3.5.1).
Technological observations were restricted to basic artefact type, for example core,
flake or scraper, this resolution was deemed appropriate as detailed technological
analysis of the lithics from La Cotte de St. Brelade was conducted prior to this study
by both Callow (Callow 1986a, p. 251-314; 1986b, p. 219-230) and Shaw et al. (2016)
this data was available to the author for comparative purposes. The aim of the
technological analysis was to determine whether any artefact type, for example those
discussed in Chapter 3, correlated to a specific raw material group.
Within the scope of this project it was not possible to analyse every artefact from the
three archaeological layers, however, the sampling strategy aimed to select lithics from
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locations across the individual deposits, representative of the layers as a whole.
Therefore, the results presented may be seen to reflect overall qualities of the separate
occupations, but the discussion of data refers only to the artefacts analysed as part of
this study. The results of the macroscopic analysis are presented below by stratigraphic
layer.
Visual analysis was undertaken on 192 artefacts from Layer E. The assessment of flint
colour performed using a Munsell Soil Colour Chart led to the identification of two
main groups, both with several subsections (Table 11). A group of darker coloured
artefacts containing dark-very dark brown, dark-very dark grey, and dark reddish grey,
and a group of lighter coloured artefacts predominantly composed of grey, light grey,
reddish grey and white (Figure 49). Notably layer E contained a much higher
proportion of lighter coloured flint, contrasting with layers A and 5. Shaw et al. (2016)
identified this light grey flint as a separate raw material unit, which only occurred in
layer E. The condition of artefacts varied considerably, with some relatively fresh
pieces and others appearing weathered and rolled. The majority of artefacts indicated
some aspect of post-depositional alteration to their geological surface, for example
gloss of silica dissolution and re-precipitation (Figure 49). Despite this, alteration was
generally restricted to the cortical edges of the artefacts with the inner flint flaked
surface remaining fresh. Layer E also included a large proportion of artefacts with light
grey amorphous inclusions.
The artefacts from layer E had the highest percentage of cortex from the three layers
analysed, which, alongside the significant presence of weathering, suggests
allochthonous flint sources were accessed during this time. This is supported by the
source designations made via visual features (Chapter 4), as layer E had the lowest
proportion of tools with a proposed primary source (6%) and highest percentage of
secondary flint (42%), the remainder being of indeterminate origin. From a
technological perspective the assemblage analysed from Layer E is dominated by
flakes (n=114), accompanied by cores (n=17), scrapers (n=17), denticulates, (n=11)
and broken tools (n=25). Lithics that were made using the Levallois technique (n=11),
were also present. Around 50% of the artefacts exhibited signs of retouch.
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At total of 190 artefacts were analysed macroscopically from Layer A, this assemblage
contained the widest diversity of flint colour of the three, particularly contrasting with
the light grey to reddish grey raw material found in Layer E; this is in accordance of
McBurney and Callow’s observations that the lighter grey flint disappears in the upper
part of the sequence at La Cotte de St. Brelade (McBurney and Callow 1971; Callow
1986; Figure 50) . The majority of artefacts are grey to dark grey, with a distinctive
assemblage of dark-very dark grey, brown-dark brown, and black raw material
although some lighter grey and brown flint was also observed. It appears that the
colour of the flint in Layer A shares similarities with Layer E, in that lighter flint is
present, and the darker material present in Layer 5. Although some weathering exists
on artefacts from Layer A it is not as pronounced as the lithics from Layer E and there
is a relatively low proportion of artefacts with cortex present (37%) and light grey
amorphous inclusions (38%) are less common than in layer E. The artefacts analysed
from Layer A are made on a similar proportion of primary flint to Layer 5 (9%), in
particular a distinct black raw material with a proposed autochthonous origin (Figure),
and a lower incidence of secondary source flint is recorded (25.13%), the remainder
of lithics studied could not be ascribed to a specific source. The lithic assemblage from
Layer A is predominantly composed of flakes (n=94), but also has a relatively high
incidence of scrapers (n=42) and broken tools (n=32). Both cores (n=6), levallois
products (n=8) and denticulates were also identified (n=11), around 58.8% of the
lithics were retouched.
Macroscopic analysis was conducted on 156 artefacts from Layer 5, and several
different colours of flint were identified in the assemblage. However, it appears to be
dominated by dark-light grey flint with a greyish brown hue, in accordance with the
observations of Callow (1986) (Figure 51). Artefacts were also made from black, dark
grey, and very dark grey flint. Notably there is a complete absence of any reddish grey
flint in layer 5, contrasting layers E and to a lesser extent A. As seen in layer A the
artefacts from Layer 5 exhibit a relatively low proportion of cortex (39%) and
inclusions (39%). A relatively high proportion of artefacts from Layer 5 are made on
primary flint (10%) as observed by Shaw et al. (2016), however 38% are made on flint
designated as secondary source, the remaining artefacts could not be assigned a source
(see Figure 52 for cortex types). The lithic assemblage analysed from Layer 5
contained the widest diversity of artefact types but was primarily composed of flakes
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(n=64) and, similarly to Layer A, a moderate quantity of broken tools (n=32) and
scrapers (n=31). There were fewer cores (n=4) and denticulates (n=6) than the other
layers, however three bifaces, two blades and fifteen levallois products were identified.
From the assemblage studied a relatively high proportion of 64.33% of the artefacts
were retouched.

Table 11: The full range of colours identified during the macroscopic analysis are presented for each
archaeological layer. This comparison of colours identified during the macroscopic analysis
demonstrates differences between the archaeological layers, such as the gradual disappearance of
reddish grey flint from Layer E to 5 and the lack of brown flint in Layers E and A.
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Table 12: The relative proportions of different features recorded in the macroscopic and genetic
analysis for each archaeological layer. The visual observations were used to define primary,
secondary and indeterminate flint types, which are also presented with their quantity and percent.
This comparison shows changes between the archaeological layers, such as greater retouch and less
cortex in Layer 5 and percent. This comparison shows changes between the archaeological layers,
such as greater retouch and less cortex in Layer 5.

Table 13: The technological appraisal highlighted the presence of these artefact types, which are
shown in their quantities via layer. This results of this analysis propose an increase in artefact
diversity from Layer E towards the younger layers, with Layer 5 containing the widest variety.
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Figure 49: The artefacts in this image are from Layer E and are all identified as deriving from
secondary sources. They also demonstrate some post-genetic effects of erosion discussed in section
chapter 1. Artefacts C and D provide evidence of pebble-like cortex identifying them as
allochthonous, however do not display alteration across the artefact surface. The intrusive fractures
from the cortex towards the centre of C may derive from damage to the flint in a marine or fluvial
environment. Artefacts A, B and F show evidence of silica redistribution at the cortical edge linked
to secondary source environments. This is seen in particular on lithic E, as demonstrated in the
close-up image F where distinctive alteration occurs from the cortex moving inwards across the
artefact surface.
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Figure 50: The lithics in this image all derive from layer A, they have been selected to demonstrate the
diversity of raw material in this layer. Artefacts A and B made from a distinctive black raw material
thought to derive from a primary source, they do not exhibit any signs of weathering associated with an
allochthonous context. The lithics C and D are also made from the same raw material with a distinctive
reddish-brown cortex, weathering present, particularly on artefact C suggest that these derive from a
secondary source. The damage to the cortex on artefact C is potentially related to marine action,
indicating a marine origin. Although some lighter grey artefacts exist, for example E and F, they contain
lighter and darker inclusions, which are not seen in the light grey flint from layer E.
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Figure 51: This Figure presents a selection of artefacts analysed from layer 5. Lithics A, C and D
demonstrate features linking the artefacts to primary source flint, for example thin white chalky cortex,
with little signs of weathering linked to presence in an allochthonous deposit. Artefacts A-E are if a
similar brownish grey raw material, with light and dark grey amorphous inclusions. B is an example of
the retouched tools found in layer 5, which may indicate transport and curation of raw material. The
ventral surface of B was coated with silver paint historically to investigate traces of use-wear. Lithic F
illustrates the potential post depositional alteration of several artefacts identified in layer 5, care was
taken during analysis to position the pXRF window only over the unweathered position. If this was not
possible the artefact was not analysed.
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Figure 52: A: Artefact 66/205 originating from Layer 5 at La Cotte de St. Brelade is an example of a
tool/artefact made on a beach pebble <10cm in length, the cortex is thick and uneven, exhibiting signs
of rolling and battering, characteristics used to define a secondary source origin. The flint itself is
distinctive containing small areas of lighter colouring and an orangish tinge, which may derive from
iron staining. B: Artefact 68/961 (Layer 5) is an example of flint with a proposed primary origin, note
the thin chalky cortex, lacking evidence of pitting or weathering. The dark grey to black colouring is
also macroscopically similar to the exposed sections of the flint nodule dredged from the Casquets reef.

6.5.2. Geochemical Analysis Selection of Elements and Measurement Uncertainty
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The methodology used to generate a compositional profile of the flint artefacts via
pXRF analysis is fully outlined in Chapter 4, Section 4.5. The results presented below
are based on the geochemical data produced by the Olympus Delta Premium pXRF
device using the bespoke UCL calibration. The full table of pXRF results can be found
in Appendix 2 at the end of this thesis. Elements are first discussed in terms of
analytical accuracy and their utility for further analysis before being considered in light
of their archaeological significance. The calibrated pXRF provided data for 15
elements, Ca, Co Cu, Fe, Ga, K, Mn, Nb, Pb, Sr, Ti, and Rb. As discussed in Chapter
3 the calibration process improved the accuracy for these elements at abundances
present in flint. Here experimental accuracy was monitored via the CRMs NIST 610,
612 and 614, and is presented in Table 14. The accuracy for each CRM is based on an
average of readings taken on the CRMs routinely throughout the analysis, which was
conducted from 01/08/17 to 18/08/17 and 21/04/18 to 27/04/18. Based on this data the
pXRF device provided accurate readings for Fe, Ga, Rb, Sr, Ti, Y, Zn and Zr, around
or below the recommended acceptable c.20% error margin. Although these CRMs are
widely used in geochemical studies of flint it is important to consider whether the
elements that could be detected with good accuracy were significant components of
flint. Therefore the certified values provided by the CRMs were compared to the
element quantities provided by the ICP-MS data (Table 7). This process revealed that,
although several elements were reported with a good accuracy by the bespoke
calibration they are present at much lower quantities in flint, for example Zn.
The results shown in Table 14 indicate that the accuracy for Zn was as high as 11%
(NIST 610) and 7% (NIST 612) error at concentrations of c. 40 and c.400 ppm,
respectively. At face value this suggests that Zn provides a good candidate for further
analysis. However, the ICP-MS analysis of geological flint samples calculated the Zn
content of flint at an average of 1ppm. The comparison of the pXRF analysis on the
secondary geological standards, demonstrates an error of 141% in relation to the ICPMS results (Table 9). This suggests that the Zn content in flint may be below the LOD
of the pXRF device and although the results are accurate for higher quantities, readings
taken on flint artefacts are unlikely to reflect their true geological composition; this
issue is also observed for Y, Nb and Zr when the pXRF and ICP-MS data are compared
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Several elements were reported consistently with inaccuracies >50%, for example the
transition metals Co, Cu and Mn, and the heavy metal Pb. These elements are also
recorded at low quantities by the ICP-MS data, all on average <3 ppm (Table 7). The
CRM results for Nb suggest that it can be measured very accurately by the pXRF at
<50 ppm with an error of only 2%, however the comparison with ICP-MS indicates
that Nb was measured inaccurately by pXRF at abundances it is found within flint c.
0.1 ppm. The metal Ga was not measured by the ICP-MS analysis therefore its range
in flint is unknown, however it is likely to be <500 ppm based on published data
(Section 2.5.3). It was measured at an accuracy of 15-18% error at concentrations
between 50-300 ppm, with analysis becoming more accurate at lower quantities.
However, the low abundance CRM, NIST 614, has no certified value for Ga. Both K
and Mn were also measured at inaccuracy levels of >80% independent of their
quantities within the CRMs and have not been selected for further analysis. The poor
accuracy of K, despite its relatively high average in flint has been noted, this is likely
an issue with the pXRF device and will be investigated further. Overall the decreasing
accuracy of these elements at low concentrations demonstrates the technical
restrictions of pXRF for elements that are likely below the LOD.
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Table 14: The accuracies for NIST 610, 612 and 614 calculated using NIST certified values, those noted in italics were supplemented from Pearce et al. (1996)
who provide additional Figures based on repeat analyses of NIST 610 and 612. Accuracies deemed suitable (c.20% Hall et al. 2014) are highlighted in green.
Each ‘Average pXRF reading’ represents the multiple analyses of CRMs, which were conducted routinely throughout museum analysis in order to provide the
representative accuracy for the total experiment (all data is in ppm).
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Several elements are reported consistently with inaccuracies >50%, for example the
transition metals Co, Cu and Mn and the heavy metal Pb. These elements are also
recorded at low quantities by the ICP-MS data, all on average <3 ppm (Table 7). The
CRM results for Nb suggest that it can be measured accurately by the pXRF at <50
ppm with an error of only 2%, however the ICP-MS comparison indicates that Nb was
measured inaccurately by pXRF at quantities present in flint c. 0.1 ppm. The metal Ga
was not measured by the ICP-MS analysis so its range in flint is unknown, however it
is likely to be <500 ppm based on published data (Section 2.5.3). It was measured at
an accuracy of 18 – 15 % error at concentrations between 300 – 50 ppm, with analysis
becoming more accurate at lower quantities; however, the low quantity CRM NIST
614 has no certified value for Ga. Both K and Mn were also measured at inaccuracy
levels of >80% independent of their quantities with the CRMs and have not been
selected for further analysis. The inaccuracy of K despite its relatively high average in
flint has been noted, this is likely an issue with the pXRF device and will be
investigated further. Overall the decreasing accuracy of these elements at low
concentrations demonstrates the technical restrictions of pXRF for elements that are
likely present below the LOD of the device.
The alkali metals Rb and Sr were analysed to a good accuracy by the pXRF device, at
400 ppm the error for Rb was <1%, which increased to 17% at 40 ppm and fell to 16%
at 1 ppm. This demonstrates that Rb can be measured accurately even at relatively low
quantities present in flint (0.3-3.3 ppm). Similarly Sr had an error of 22% at c. 400
ppm, which reduced to 11% at <100 ppm but increased slightly <50 ppm (Table 14),
indicating good accuracy at its abundance in flint (3.1-15.9 ppm). The pXRF analysis
of the geological secondary standards supports this with an error of 15% for Rb and
6% for Sr, this indicates that the pXRF device is capable of generating accurate data
for these elements. Data for Ti was not measured during the ICP-MS analysis of the
geological samples however it is likely to be present in flint <500 ppm (Table 1), the
pXRF was able to generate accurate data for Ti at 11.6% error c. 350 ppm and 3%
error <50 ppm, demonstrating that it was analysed with a good level of accuracy at
proposed relevant quantities. The transition metal Fe was also measured at an
acceptable accuracy, particularly in relation to its abundance in flint (74-473 ppm), at
15% error for NIST 610 and 7% error for NIST 612; the accuracy becomes poorer <10
ppm but this low quantity is not reported in flint. The pXRF analysis of geological
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secondary standards demonstrated a higher error of 40%, the positive results of the
CRM data suggest accurate readings at the average quantity of 154.9 ppm.
It is evident that the assessment of accuracy via CRMs is limited by the lack of
appropriate certified values for <10 ppm, provided by NIST 614. Notably apart from
Rb and Sr elements tend to become less accurate <10 ppm, therefore the LOD for
analysing these elements via pXRF may be assumed to be somewhere below 10 ppm;
although this is not a problem for elements present in higher concentrations, for
example Ca and Fe. Based on the CRM analysis it was decided to consider Rb, Sr, Fe,
and Ti for further analysis as these elements were measured at acceptable accuracies
at quantities that are expected in flint. Although the relatively high error for Fe in the
pXRF of geological samples was noted it is included in the archaeological discussion
due to its overall low average error. The element Ca is also employed in further
analysis with an acceptable error of 20% calculated via the geological data . This multidimensional assessment of pXRF accuracy is described in the project methodology
(Section 4.4.3) and although the detailed appraisal of percentage error revealed
unacceptable inaccuracies it ensured the high fidelity of the elements reviewed in this
case study.
As outlined in section 4.5.2 precision was monitored by the repeat analysis of NIST
CRM 610, these readings were taken each day that data was collected, and the final
Figures were calculated from an average of all results (Table 15). The overall precision
of the analysis was very high with Ca, Cu, Ga and Bb <1% RSD, Co, Fe Mn, Pb <5%
RSD and Ti at 10% RSD. This indicates that the pXRF device provided consistent
readings during both periods of analysis in 2017-18.

261

Table 15: The precision of the pXRF analysis averaged across two periods of analysis from 2017-2018.
Precision is based on the repeat analysis of NIST 610 at the beginning and end of each session. It is
evident for the majority of elements precision is very high, indicating the device performed consistently
across analyses. The precision for K is notably low, further indicating that pXRF 2 at UCL did not
provide consistent data for this element (all data in ppm)

6.5.3. Descriptive Statistics and Elemental Quantities
The mean values of the elements analysed indicate that they were generally detected
in trace quantities (<0.1% or 1000 ppm), however Ca was measured at >0.1% in some
samples. In order to explore the relationship between the geochemical and
archaeological data the pXRF results were transferred to an Excel spreadsheet
containing information recorded for each individual artefact, such as its original
location in the site and visual features documented during analysis. The minimum,
maximum, average, standard deviation and coefficient of variation are presented in
Table 16. The data was then sorted sequentially for each chemical element to
determine the presence of any groupings based on elemental quantity, which correlate
with archaeological characteristics. This process revealed significant patterning in the
geochemical data, for example the lithics from Layer E have an average Ca content of
>1000 ppm, whereas those from Layer A generally have a much lower average Ca
content of <650 ppm.
Sorting via Ca also revealed that 55 artefacts from within Layer E that corresponded
to the raw material unit RMU E, had values 1500-4500 demonstrating that in this case
similarities in geochemical data were also reflected macroscopically. Similarly,
categorising the data by Fe highlighted geochemical trends in artefacts from different
layers, such as a group of lithics from Layer E (n=59) which exhibits low quantities of
Fe <200 ppm, in contrast to all artefacts analysed from Layer 5 that contain >200 ppm.
This indicates that at least some of the flint used to make tools in the different
assemblages has discernible geochemical differences. The relative quantities of Rb,
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Sr, Ti, did not reveal significant patterning instead hinting at some trends within the
data, for example the artefacts from Layer E commonly display low Sr.

Table 16: A comparison of the relative quantities of the five elements explored via statistics for the three
archaeological layers. Several trends exist for example the average proportion of Ca is significantly
higher in Layer E, whereas an inverse is seen with Fe (all data in ppm).
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6.5.4. Results of the Statistical Analysis of the Geochemical Data
In order to further explore relationships between the geochemical signature of artefacts
multivariate statistics were performed on the data using IBM SPSS Statistics Version
24. Prior to analysis all data were log transformed in order to minimise the effects of
elements present in large quantities (Orton and Hughes 2013, p. 177). Although the
utility of log transformation may not be fitting as there are not considerable differences
in the terms of elemental abundance, a comparison of non-log transformed data
demonstrated a clearer PCA was achieved with log transformed data (appendix).
Firstly principle component analysis was conducted, two principal components were
extracted, principal components 1 and 2 (PC1, PC2), which explained 71% of the total
variance in the dataset (Figure 53B). A loading plot was generated to assess the effect
of different elements on PC1 and PC2 (Figure 53A). Labelled scatterplots were then
created using the information recorded during analysis, for example the archaeological
layer, flint colour, artefact type and the presence of inclusions, cortex, and retouch
(Figures 55 - 60). The loading plot was used to select elements for further comparison
via bivariate plots, which were generated for Ca/Ti, Ca/Fe, Ca/Rb, Sr/Ti and Sr/Fe
(Figures 61 - 63).
The results of the PCA classification of the 538 artefacts is presented in a scatterplot
of the first two principal components (Figure 54). Each point is based on an individual
elemental signature that represents the average of 2-3 measurements taken by pXRF,
depending on the size of the lithic. An initial appraisal of the scatterplot reveals a large
cloud with a dense core and dispersed margins and a small group of four samples,
which lay outside the cloud. Bivariate plots indicate that these four artefacts can be
distinguished from the main cloud by relatively high Ca, this is particularly evident on
a bivariate scatterplot of Ca/Ti. These lithics are from Layer A and are made from a
distinctive raw material with grey dappled inclusions, which was not identified
visually in the other layers.
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Figure 53: A: A factor plot of elements that demonstrates influence of Ca, Sr, Rb, Sr

and Ti on PC1 and PC2. This appears to suggest that Ca and Sr strongly influence PC2.
B: The initial scatterplot of PC1 versus PC2 for the 536 artefacts analysed including
the outliers from Layer D, which are located in the top right portion of the plot.
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Figure 54: The scatterplot of PC1 versus PC2 with the outliers from Layer D removed. The distribution of the 538 data points suggests a significant

overlap of artefacts in the centre of a wider cloud, with several areas where lithics are more dispersed, however it does not reveal clear compositional
groups.
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The small group of samples from Layer A was removed from the geochemical data.
the PCA was run again, and a second scatterplot was created (Figure 54). This
scatterplot is similar to the first, although the points are more dispersed, for example
the cloud of artefacts to the bottom right of the plot is less dense. However, the general
distribution of artefacts remains a large cloud which includes some clustering of points
but no clear groups. There appears to be a degree of patterning within the data where
the majority of artefacts co-occur but some lithics do outlie this general distribution.
In the absence of distinct geochemical groups within the scatter, labelled plots were
created to in order to identify any distributions which can be related to macroscopic or
archaeological features (Figures 56-59).
By labelling the scatterplots with these recorded features some observations can be
made that are not evident on the initial PCA plot. The results of the flint colour, defined
using a Munsell Colour Chart, show a considerable geochemical overlap in most
artefacts and several colours occur throughout the cloud, most notably ‘grey’ flint.
However some trends in distribution do exist, for example the majority of light
brownish grey, dark brown and greyish brown are located in the bottom right portion
of the main group. Flint of this colour is not found in the area of dispersed lithics to
the top left of the scatter, which is predominantly composed of grey to light grey
artefacts. There is a significant overlap in the artefact types identified as they are
distributed throughout the cloud, a similar relationship is seen in re-touch, inclusions,
and the presence of cortex. This suggests that there is no geochemical difference
between artefacts with these features in terms of the elements considered. The
proposed primary, secondary, and indeterminate source flint also shows no clear
groupings, although there is a greater proportion of ‘primary’ flint towards the bottom
left area of the cloud.
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Figure 55: A: The data points in this scatterplot are labelled via Munsell Colour, the large amount of
colours/hues recognised is evident in the plot and most colour types appear to overlap in elemental
profile. There is some clustering of the brown-grey material in the bottom left of the artefact cloud. B:
Flint type is highlighted on this scatterplot, however the dispersion of primary, secondary, and
indeterminate occurs throughout the artefact cloud. It is possible to observe a slight increase in primary
flint towards the bottom left of the plot, but this is not a clear group.
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Figure 56: A: This scatterplot is labelled via artefacts with retouch; however it appears that this feature
does not relate to the geochemical trends in the assemblage and retouched artefacts are dispersed
throughout the main artefact cloud. B: The presence and absence of inclusion in lithics is highlighted in
this scatterplot, however, as with retouch, this visual feature is widely distributed.
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Figure 57: A: The lithics in this scatterplot are labelled by artefact type and again show no clear groups,
it may be possible to conclude more scrapers exist towards the bottom left of the plot but in general
artefact type does not appear to correlate with the geochemical data presented by the five elements
analysed. B: The distribution of the artefacts with and without cortex is shown on this scatterplot, the
general dispersion of cortex in the assemblage does not appear to correlate with a specific geochemical
group. This implies that based on the five elements analysed the presence or absence of cortex is not
related to artefact geochemistry.
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The most significant differentiation was observed in the distribution of lithics based
on their archaeological layer, this is shown on the PCA plots in Figures 58-60, where
each layer has been highlighted. Although the artefacts from the three layers do
overlap, those from Layer E are located towards the left in the upper half of the cloud.
The Layer A and Layer 5 flints make up the lower portion of the cloud mostly to the
right hand side of the scatter, although Layer A flints also occur in the upper part,
overlapping with Layer E. The Layer E and 5 lithics do not overlap as much in
comparison. These patterns can also be seen in bivariate scatterplots of variables
affecting PC1 and 2, which indicate that many layer E samples have higher Ca than
most of the Layer A and 5 flints. The bivariate plots also show that artefacts from
Layer 5 are significantly lower in Ca and contain high proportions of Fe than Layer E.
However, the differences between certain flints in the three layers works best when all
5 elements are included, in the PCA.
The PCA, bivariate plots and the distribution of samples with particular archaeological
characteristics suggests that with the exception of four Layer A samples, all three
layers contain flints that are geochemically related in terms of the five elements
considered. This is seen by their overlap in the PCA and bivariate element plots and
the concentration of samples in a dense area of the plot. However, each also contain
artefacts that deviate from this composition as indicated by their location in marginal
parts of the cloud where they overlap less with samples from the other layers. Within
the main cloud most of the flints from Layer E are not chemically related to those from
Layer 5 because of relative proportions of Ca and Fe. Many artefacts from Layer A are
not chemically distinct from those found in Layer E as Ca content appears to overlap,
however few Layer A artefacts exist in the area of the cloud with the highest Ca Layer
E material. A considerable portion from Layer A also associate with Layer 5 based on
commonalities in Fe content. In summary the geochemical data of the five elements
analysed displays some difference between the raw material used in the three
archaeological occupations at La Cotte de St. Brelade. The four outlying artefacts from
Layer A differ from the rest of the analysed artefacts based on high Ca. Other recorded
features, such as cortex and retouch, do not create elemental groupings, although some
distinction may be seen between the distribution of light-reddish grey lithics in
comparison with flints that possess a brown-ish colour and hue.
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Figure 58: A scatterplot of the lithic artefacts labelled via layer with Layer E highlighted showing its distribution in the upper left section of the plot. The position of the Layer
E artefacts in this area demonstrates their association with Layer E and the distinction that can be drawn with the Layer 5 lithics.
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Figure 59: A scatterplot of the three archaeological layers with Layer A highlighted indicates the relatively dispersed distribution of the artefacts suggesting that they share
elemental commonalities with Layers E and A, although the majority of lithics appear to co-occur with Layer 5.
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Figure 60: A scatterplot of the three layers where Layer 5 is highlighted showing its distribution towards the bottom left side of the plot. The majority of artefacts from Layer
5 appear to be geochemically related to those from Layer A and overlap elementally with a portion of the Layer E assemblage.
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Figure 61: A: Bivariate plot of Sr/Ti labelled via layer shows a large cloud of overlapping artefacts,
suggesting that the combination of these elements is not useful for differentiating between the majority
of samples. However, three five artefacts outlie the main distribution, four from Layer E and one from
Layer A, which appear to have a low abundance of both elements. B: This bivariate plot of Sr and Fe
labelled by layer demonstrates shhome patterning within the data that reflects the initial observation of
artefact distribution in the three occupations shown by the PCA scatterplots.
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Figure 62: The bivariate plot of Ca and Ti (A) and Ca versus Rb (B), labelled by archaeological layer,
replicate the general distribution presented by the initial PCA plots, including the differentiation of some
Layer E artefacts by Ca. Both plots also demonstrate the elemental association of the majority of
artefacts, in particular the dense cloud composed of Layer A, 5 and a proprtion of Layer E. Notably the
absence of Fe in these bivariate plots creates a stronger grouping between Layer A and 5, and the
dispersion of Layer 5 to the left side of the plot, as seen in the PCA scatterplots, is not observed.
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Figure 63: A bivariate plot of Ca and Fe, with artefacts labelled via layer. The distribution reflects a
dispersion of artefacts from Layer E, which are high in Ca, towards the top right portion of the plot. A
number of artefacts from Layer A also appear in this cloud of samples, yet it is relatively distinct from
the majority of Layer A and 5 artefacts, with a significant number of Layer 5 flints presenting high Fe.

6.5.5. Summary: The Identification of Potential Flint Types via the Sourcing Study
In order to relate the geochemical profiles of artefacts observed from the pXRF data it
is important to discuss two key factors, firstly whether these trends may correspond to
post-depositional alteration, and secondly how the variation in elemental abundance
relates to the behaviour of sources more generally. The potential issues regarding the
analysis of altered surfaces were discussed in Chapter 2 (Section 2.8.1) and its
relevance to geochemical analysis in Section 2.12.9.3. In general it appears that there
is not yet a consensus on how patina effects geochemical techniques, with some studies
concluding minimal effect to artefact geochemistry (Luedtke 1978a; Moreau et al.
2016b). Others note the development of patina in conjunction with environmental
processes, such as the alkalinity of sediment and percolating groundwater, which can
alter surface geochemistry (Brandl et al. 2014; Hurst and Kelly 1961). A selection of
artefacts with surface alteration are shown in Figure 6, including ferrous gloss (Figure
6B) and calcareous dissolution in alkaline soil (Figure 6A). This figure demonstrates
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visually distinctive patina-types, which can be identified on the surface of artefacts
and via fresh surfaces on broken lithics.
However, considerable steps were taken to eliminate these effects, for example all
analyses were undertaken on fresh surfaces that had been fractured by hominins,
avoiding any weathered areas linked to the flints original source, such as glossy
surfaces acquired in allochthonous contexts. As part of the macroscopic analysis an
appraisal was made of the flint granularity, all artefacts were noted to have been made
on fine grained flint, which is supported by the analysis of Dr Andy Shaw on the same
assemblages. This is a significant observation as coarse grained flint is more
vulnerable to the development of patina and weathering in the substrate (Burroni et al.
2002). An appraisal of the artefacts analysed did not record any significant patina or
weathering, such as that shown in Figure 6; and the lack of surface alteration to
artefacts in the collection has been noted by Callow (1986). Further to this the author
took part in a review of approximately 95,000 artefacts from the site over a four year
involvement in the McBurney Archive Re-organisation project and has extensive
knowledge of the visual aspects of the raw material. There are known types of surface
alteration present on the artefacts at La Cotte, for example the ferrous gloss shown in
Figure 6B, which are well documented. It is likely that analysis of these surfaces would
present elevated Fe, however none were identified in the assemblages analysed. The
fresh unpatinated nature of the lithic artefacts was a key consideration when selecting
these layers and the potential of the archive itself for the pXRF analysis.
The influence of patina and post-depositional weathering on artefact groupings cannot
be ruled out completely without the performance of destructive analysis, such as the
thin section petrography. However, here it was deemed that non-weathered surfaces
were analysed, and patina was not observed in the three assemblages or across the
wider lithic collection. Therefore, it is likely that the geochemical patterning observed
here relates to the true geological distribution of the flint sources used to make
artefacts. This implies the use of flint from different sources during the occupation of
the site represented by the three layers. The association between geochemistry and
source is also supported by the presence of specific cortex types relating to
macroscopic groups, for example the light grey material seen in Layer E that possesses
battered cortex. The distinct but overlapping composition of the flint from the three
layers could be due to the use of flint from three sources, which have distinct but
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overlapping compositions or potentially the acquisition of a common source of flint
over time, represented by the dense overlapping core in the distribution, but with
additional material from other sources with a chemical composition that is specific.

Elemental Variation by Layer
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Figure 64: The elemental variation for the five elements studied based on the abundances in
each archaeological layer analysed, note the relationship between the distribution of Ca and
Fe, which replicates observations made in the statistical analysis.

By comparing the average elemental compositions for the five elements considered by
each layer (Figure 64) it is again evident that Ca and Fe account for the greatest
variation in abundance, followed by Ti, whereas Rb and Sr are present in similar
quantities in all lithics analysed. The effect of Ca and Fe on the dispersion of artefacts
on the scatter and bivariate plots is also clear in Figures 63, with raw material that has
high Ca more common in Layer E, and high Fe flint in Layer 5. This may suggest the
use of two distinct sources in these layers, which are separated to an extent by the
abundances of these elements. The flint from Layer A is relatively dispersed across the
plots and may reflect the use of several different flint types. The quantity of Fe in flint
can relate to its presence in the chalk facies as the mineral glauconite (Boggs 1987;
Boggs 2009; Clayton 1984; Rockman 2003; Sieveking et al. 1972). It has also been
linked to localised presence of organic matter in the flint formation environment,
which resulted in the occurrence of iron sulphides associated with bacterial activity
(Blatt 1980; Clayton 1984; Cressman 1962). The results of the geological case study
suggest that the abundance of Fe was able to separate the western south coast and
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Kentish/Transitional province nodules when ratioed with Sc. The bivariate plot of
Fe/Sc also provided a strong grouping of the Portsdown samples, which presented low
Fe and high Sc. This suggests that proportions of Fe do differ across geographic
regions and also appear useful in identifying single outcrops.
The presence of Ca in flint has been linked to fossil inclusions preserved as calcite in
the flint microstructure, where full diagenetic replacement by silica has not occurred
(Longo and Giunti 2010; Fiers et al. 2017). As the presence of microfossils varies
regionally, the presence of Ca in flint has been found useful to differentiate between
sources (Craddock and Cowell 2009; Sanchez de la Torre 2019b). The comparison of
Ca and V was found useful in the geological case study to provide individual site
groupings, for example Dorset and Sussex were both identified to have high Ca. This
implies that the abundance of Ca varies regionally and can be used in combination
with other elements to define outcrops. Overall this suggests that both Ca and Fe have
been found to discriminate between outcrops and can be associated with conditions of
the flint formation environment, implying their presence here may reflect separate
sources. However, it is also important to consider whether hominins could have
accessed one common source where variation existed to an extent that it yielded both
high Ca and high Fe stone.
In order to explore this the variation in these elements across the archaeological
samples from the three layers was compared with the results of the inter-outcrop data
from the Portsdown source. The results of the analysis of flint nodules from this site
suggests that the source is chemically distinct and was identified using scatterplots and
bivariate plots of elements. The relative standard deviations of Ca and Fe were
calculated for both Portsdown and the artefacts from La Cotte de St. Brelade. The
results indicate that the RSD for the artefacts was 173% for Ca and 713% for Fe,
whereas in the Portsdown nodules Ca had an RSD of 94% and Fe 24%. This indicates
that the geochemical variation of Ca and Fe is much higher in the artefacts from La
Cotte, than in the single source of Portsdown. The spider chart (Figure 36) comparing
the variation in elements at Portsdown also indicates that inter-source variation was
notably low. This comparison suggests that the extent of variation in Ca and Fe in the
archaeological assemblage is not consistent with the single outcrop analysed here.
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Although it would be ideal to have wider comparative data, based on the evidence
presented by the geological case study, it is likely that the flint from La Cotte de St.
Brelade does not originate from one source. This is supported by macroscopic
differences in the artefacts, for example differences in the proportion and condition of
cortex and weathering to the geological surfaces of the artefacts. By evaluating the
potential effects of patina and differential preservation in combination with the
variation between the identified discriminatory elements Ca and Fe, it appears possible
to propose that the results of the geochemical profiling of the artefacts from La Cotte
indicate some flint with a similar elemental signature is common to all three layers,
however distinct sources are represented by the high Ca and high Fe flint, which are
found predominantly in Layer E and 5 respectively.

6.6. New Insights into Raw Material Use and Hominin Behaviour in the
Normano-Breton Gulf
6.6.1. Layer E: Raw Material use in the Interglacial MIS 7
The results of the geochemical analysis indicate that a proportion of artefacts from
Layer E outlie the main distribution, linked to their high Ca content. As discussed in
the summary of sourcing results the combined macroscopic and elemental data suggest
that this may relate to the use of a distinctive flint type. In order to explore this further
it is important to consider the human occupation that is represented by Layer E, in its
wider context. The lithics from Layer E were made by hominins who lived at La Cotte
de St. Brelade during a warm period towards the end of MIS 7, when sea-level was
likely between 10-20m lower than the modern coastline (Shaw et al. 2016; Figure
64A). This resulted in the area surrounding the site being greatly restricted, particularly
in comparison to the cool-cold open landscapes, which accompanied Layer A and 5.
Despite the lowered sea-level Jersey was still joined to the mainland by a terrestrial
land bridge connected to the Cotentin Peninsula (Figure 39). Layer E is rich in artefacts
and evidence of anthropogenic activity, leading Shaw et al. (2016) to suggest that it
represents repeated short term visits to the site by Neanderthals. Pollen analysis
conducted during the excavations of the 1970s indicates that the area surrounding La
Cotte was forested with a temperate climate (Jones 1986) and the lowered sea-level
exposed the watercourses of the Ay and Sienne (Callow 1986, p. 365). Observations
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by Callow (1986) and the visual observations suggest that at this time humans were
predominantly exploiting secondary raw material as evidenced by weathered cortex
and silica gloss. These allochthonous flint may have been aggregated by the nearby
river systems or sourced from flint rich beaches, which were likely close to the site
during this period of high sea-level (Callow 1986d). This conclusion is further
supported by the inaccessibility of the Cretaceous outcrops located to the north of
Jersey, which were inundated at the time. It has also been suggested that secondary
deposits formed an important and predictable source of raw material during
interglacial environments, where vegetation cover obscured primary sources (Scott
2011).
Macroscopic recording of flint colour revealed that the majority of artefacts from
Layer E are grey (n=85), light grey (n=39) and reddish grey (n=28), and few examples
of the darker raw materials recorded in Layers A and 5 are seen. The results of the
macroscopic analysis were presented in Section 6.5.1 and the differences in visual
types per layer can be seen in Table 11, with examples in Figures 49-51. The
dominance of lighter flint types was also noted in the initial analysis undertaken by
Callow (1986), who suggested that it may derive from the Tertiary deposits to the south
of Jersey. The overall macroscopic similarity of the lithics from this archaeological
layer supports the proposal that these artefacts were made from the same type of flint.
Multivariate statistics also indicate a potential group of lithics from Layer E that share
relatively a high Ca signature in comparison to the other layers. This may imply that
the allocthonous source used was aggregated from a localised primary deposit, with
shared visual and geochemical properties. Interestingly the macroscopic type,
associated with the distribution of high Ca artefacts, is less frequently observed in
Layer A and is rare in Layer 5, this corresponds with its location on the scatter and
bivariate plots. It may be possible therefore to propose that this type of raw material
source was widely accessible in Layer E but gradually became inaccessible or depleted
throughout the later occupations.
When considering the contrast of the terrestrial area present during MIS 7, it is seems
appropriate to associate this distinctive raw material with the restricted interglacial
landscape and due to the relatively high sea-level during this time it is likely that flint
was collected from deposits nearby to the site. Different topographies are observed on
the seabed surrounding Jersey, for example the north coast has steep cliffs, which
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descend into the deep Ruau Channel whereas the coastal profile is shallower to the
south of the island (Callow 1988). A sea-level fall of 30m would be required to create
dry land to the north but a marine recession of between 10-20m would extend the
landscape south of La Cotte. This suggests that the flint deposits targeted in Layer E
are more likely to have derived from the southern offshore area, where grab sample
data has identified the presence of flint (Hommeril 1967). The relative proportion of
flint in the overall Layer E assemblage is also significant, as the Stage II deposits
(Figure) are composed of approximately 90% flint (weight), which decreases through
time to a low of 23% (weight) in Layer 5 (Callow 1986b, p. 221). This suggests that
the flint sources used by the hominins in Layer E were abundant and based on the
landscape available and importance of marine allochthonous deposits (Callow 1986),
were located close to the site. Supplementary evidence is provided by observations of
the lithic technocomplex, for example the sample analysed from Layer E contained the
lowest proportion of formal tools (11.5%). This was observed during Callow’s analysis
of the total assemblage (1986a, p. 267), who also noted the presence of all stages of
the lithic chaîne opératoire. These features have been used to suggest the use of local
material where the lack of constraints posed by distance or scarcity, alleviate the need
for economic strategies, such as the reduction of artefacts at the source (Chapter 3,
Section 3.5.1). It may be possible to conclude that therefore that the Layer E raw
material was accessed from an abundant local secondary source, with shared
macroscopic and geochemical characteristics that became less utilised in Layer A and
is not found in Layer 5.
6.6.2. Layer A: Flint Sources Available at the Transition between MIS 7-6
The results of the sourcing study demonstrate that the artefacts from Layer A share
macroscopic and elemental characteristics with both E and 5, with perhaps a closer
geochemical association with Layer 5 (Figure 65b). However a small group of lithics
(n=4) were shown to outlie the main geochemical distribution in the initial PCA
scatterplot. The hominins that created the lithic assemblage found in Layer A inhabited
La Cotte de St. Brelade in considerably different conditions to those of Layer E. At
this time during the transition between MIS 7-6 a cool climate prevailed and sea-level
was as low as -60m (Figure 65B). The receding coastline would have revealed a much
greater terrestrial area surrounding the site as Jersey became an elevated plateau in an
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open steppic landscape. This raised the possibility that humans were able to collect
autochthonous flint from the Cretaceous deposits c.20km to the north of Jersey (Shaw
et al. 2016). The acquisition of this flint type may be one reason that the artefacts from
Layer A have some different characteristics to Layer E, when these outcrops of
primary flint would have been unavailable.
The increase in formal artefacts and the introduction of rejuvenation techniques in
Layer A, such as the use of flakes as cores, was noted by Callow (1986a, p. 248, 289).
This suggests that although the relative proportion of flint remained high, a shift
towards more conservative use of raw material occurred at this time. The presence of
retouched tools may also indicate a degree of mobility within the landscape, linked to
the use of further flung sources at distances greater than a day’s travel. This may
account for the four artefacts that were notably distinct from all others analysed, with
an exceptionally high Ca content (>0.1%) and an unusual grey dappled colour. These
artefacts may represent the use of a distant or ‘exotic’ flint type that was not readily
available in the area adjacent to La Cotte. Layer A also represents a sustained human
presence at the site and is the densest in lithic artefacts at La Cotte de St. Brelade
(Table 17). As discussed in the review of hunter-gatherer procurement strategies (see
Chapter 3) long-term occupation of sites at the centre of foraging regions, likely
permitted a in depth knowledge of the surrounding landscape and resources. Therefore,
this sustained residential mobility could be linked to the apparent diversity in raw
material types accessed by the Layer A hominins, who may have been active across
the Channel plain. Overall the results from Layer A point to an occupation where a
considerable diversity of sources were available, which is supported by the artefact
geochemistry and range of macroscopic types identified.
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Figure 65: A: The approximate sea-level that occurred during MIS 7 Layer E occupation. B: The
approximate sea-level that occurred during MIS 7/6 Layer A and 5 occupation (Maps reproduced with
permission from Dr Richard Bates).
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Table 17: A comparison of the artefacts identified by Callow (1986) from the 12 known archaeological layers at La Cotte de St. Brelade. The overall quantities
of lithics present may indicate the length and intensity of occupation at the site.
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6.6.3. Layer 5: Raw Material Change in a Cold Climate
The results of the sourcing study suggest that the artefacts from Layer 5 share some
commonalities with Layer E and A but also possess distinctive features. From a
geochemical perspective, although considerable overlap exists in the distribution of
artefacts from Layer 5 and A, there appears to be a weaker association with Layer E.
This may relate to the introduction of the high Fe raw material, shown on the PCA
scatterplot and bivariate plot of Ca/Fe. Layer 5 represents the youngest occupation
studied at La Cotte de St. Brelade, which occurred in a cold climate between 191-130
kya, prior to site abandonment. The composition of the archaeological assemblages
suggests an intensive use of non-flint stone close to the (<5km) and flint is
comparatively rare. This may be linked to the gradual depletion or inaccessibility of
the light grey flint from Layer E, which becomes much less frequent in the younger
layers at La Cotte. Callow (1986) suggests that this is linked to the distance of the
active shoreline, reducing the likelihood of secondary sources close to the site. Despite
its scarcity macroscopic qualities of the flint from Layer 5 led Shaw et al. (2016) to
suggest that a significant quantity of the flint artefacts were made from autochthonous
material. This implies the acquisition of raw material from the Cretaceous outcrops to
the north of the site (c. 20km).
It is possible to suggest that this open landscape and the accessibility of these primary
outcrops may be related to the introduction of brown-grey flint, which appears in
Layer 5 . Flint of this colour appears to have a geochemical composition that is more
closely associated with Layer 5 than the other layers, linked to its high Fe content. It
is more difficult to predict the distance flint was transferred in this layer due to the
large terrestrial area present, however the infrequency of flint coupled with the
elevated use of supplementary raw material suggests that it was not abundant close to
the cave. A greater distance from source to site is also supported by the lithic
technocomplex present in Layer 5, which has the highest proportion of formal tools in
the total assemblage (35%), double that of the other layers (Callow 1986, p. 297). This
may provide evidence of tools that represent personal gear and movement trough the
landscape. Layer 5 also appears to present a more ephemeral occupation signature,
particularly in contrast to Layer A, with considerably fewer lithic artefacts in the whole
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assemblage (Table 17). These features combine to suggest a relatively mobile
population that did not stay long in the area but acquired flint from sources in the wider
landscape. The appearance of brown-grey flint, which appears to be present a slightly
different elemental profile may be evidence of a type that was accessed to an extent in
Layer A but not in Layer E; potentially providing a link between this flint type and the
area of dry land provided by the cool-cold conditions of MIS 6.
6.6.4. Summary: The Change in Lithic Source Use Through Time
The palaeoenvironmental evidence indicates that the proximity and availability of flint
sources changed as sea-level rose and fell in interglacial versus glacial contexts,
affecting the abundance of allocthonous deposits and the accessibility of the
Cretaceous outcrops; this suggests that the raw material availability at La Cotte was
not consistent between cool and warm periods. It has been demonstrated that the
distribution of stone in the nearby lithic landscape had a significant effect on hominin
resource acquisition and the lithic technocomplex (Andrefsky 1994a; 1994b; Dibble
1991; Chapter 3, Section 3.6.3). Several predictable relationships have been noted,
such as the reduced frequency of flint from more distant sources (e.g. distance-decay),
and the introduction of economic strategies, such as rejuvenation in flint poor
landscapes. The evidence presented here implies that in Layer E, which is associated
with a warm climate, abundant sources of flint were available close to the site in
secondary deposits. Whereas aspects of the cool-cold Layer A and 5 assemblages, such
as transported tools and economic strategies suggest a shift in flint availability, perhaps
including the introduction of material from the Cretaceous outcrops in the wider
Normano-Breton Gulf.

It is has been suggested that cool-cold climates are more often associated with longer
transfer distances, based on the larger ranges of cryophilic game, such as large
herbivores, and the reduced resource-predictability of glacial landscapes (Roebroeks
1988; Whallon 2006). Whereas warm climates present year round access to smaller
mammals, for example red deer, and resources may be aggregated by river systems
and adjacent coastlines (Scott 1986, p. 112; Scott 2010). When interpreted alongside
the sea-level projections this further implies a transition from the use of abundant local
sources to more mobile foraging strategies with distances >20km from MIS 7 to 6. The
dramatic rise in the use of non-flint stone during MIS 6 represents an economic
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strategy recorded elsewhere in Middle Pleistocene occupations where flint resources
are scarce, for example the use of quartz (Aubry et al. 2015) and other material, such
as shell (Villa et al. 2020). Supplementary raw material has also been observed in the
Normano-Breton Gulf at the cool-cold occupation of Kervouster in Brittany, where the
assemblage is exclusively composed of grés lustre artefacts (Lefort et al. 2011). This
suggests an association between cooler climates and the restriction of raw material
sources and may explain the change in flint use towards Layer 5 in MIS 6.

6.7.

Identifying a Dynamic Raw Material Profile at La Cotte

The three archaeological levels studied from La Cotte de St. Brelade represent
occupations by separate human populations that occurred over a period of several
thousand years. Although these people inhabited the same cave they lived in
considerably different landscapes and climatic conditions. A commonality between the
three assemblages is the use of flint to make lithics, which is not indigenous to the
modern island. Therefore, it represents a link to the wider terrestrial area that is now
inaccessible. The potential of understanding raw material sources was discussed by
McBurney and Callow (1971) and Callow (1986) who proposed the use of different
flint types by populations at La Cotte based on observation of the overall assemblage.
As part of the renewed research in the Norman-Breton Gulf (for example LaMP,
QAEJ) a further study of the lithics was undertaken by Dr Andy Shaw who also
suggested that flint from multiple sources was present. However, at this point
macroscopic observation was the best resolution that could be achieved, despite the
clear interpretive potential that the lithic collection held.
This project was developed to investigate whether the application of geochemical
profiling could elucidate further information about flint source use. The research
design focused on the analysis of significant proportion of artefacts from the three
archaeological layers selected, with the hope of identifying groups of lithics linked to
separate sources. Due to the sample size pXRF was chosen as a non-destructive,
portable technique, that could analyse artefacts relatively rapidly. Considerations
relevant to pXRF analysis of flint are discussed elsewhere in this thesis and the
decision was made to also include macroscopic and technological data based on the
review of sourcing studies (Chapter 2) and behavioural models (Chapter 3). The
application of these forms of analysis provided new information, which when
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combined with environmental and archaeological data revealed differences in flint
type between the three archaeological layers. Perhaps the most significant observation
was the contrast between layers E and 5, which represent occupations in contrasting
environments. Layer E is linked to a warm period where access to the surrounding
landscape was restricted, whereas Layer 5 took place in a cold open landscape and
prior to local abandonment of the area by hominins.
Although some overlap exists between all three archaeological layers the gradual drop
off in the use of the high Ca raw material from Layer E to 5 is notable. This is
accompanied by the introduction of a high Fe flint that is predominantly associated
with Layer 5. The archaeological deposits of Layer A relate to a long-term occupation
of the site and there is a significant overlap in the flint geochemistry of Layer E and 5.
This implies that a wide range of sources were available to the hominins in the area
during the transition between MIS 7/6. It also appears that these people had access to
an unusual or ‘exotic’ type of banded flint, which was not observed in the other
assemblages and outlies the general distribution in the multivariate and bivariate plots.
This may indicate that unique raw material was accessed from a third discreet point in
the landscape. The implications of these results are considered alongside aspects of
behaviour, mobility and raw material economy in Section 6.6 and clearly demonstrate
that the addition of geochemical analysis allows the observation of measurable and
replicable differences in raw material acquisition (Table 18). Therefore this sourcing
methodology indicates that pXRF data, using a restricted set of accurately measured
elements produces patterning that correlates with macroscopically unique raw material
types. The successful combination of the results of this non-destructive analysis with
the wider contextual data is significant for prove8ancing studies focused on
Palaeolithic groups and this will be discussed further in Chapter 7.
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Table 18: A summary of the information presented in this Chapter that was generated via the analysis and interpretation of the sourcing study, with a comparison
between the three archaeological layers and suggestions about source use.
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6.8.

Conclusion

The archaeological case study is the focal point of this thesis where the sourcing
methodology developed is used to investigate trends in raw material use at La Cotte
de St. Brelade. This chapter discussed the research context, pXRF analysis, and the
implications for our understanding of the La Manche Neanderthals. It concluded that
flint procurement differed through time at the site, which was likely linked to aspects
of climate and environment. This demonstrated the potential of pXRF to provide
additional previously unknown data to this area of research (summarised in Figure 18).
The challenges and positive aspects of using pXRF in an artefact-centric methodology
are discussed in detail in Chapter 7 (Section 7.3) but it appears acceptable to conclude
that here, despite some limitations, the technique provided positive results. It is also
evident that the archaeological interpretations drawn were strengthened by the use of
a wider framework of evidence, demonstrating that an integrated approach is a highly
successful way of conducting sourcing. This will be particularly useful in other areas
where the context is challenging, and a novel approach is needed. The implications of
adapting the traditional sourcing method are discussed further in Chapter 7 but it is
evident that perhaps different expectations are required for these types of artefactcentric studies. Overall this is not a negative observation and development of this
methodology and the fine tuning of pXRF via calibration will ensure its future
potential. The archaeological significance of the results presented in Chapter 6 is
considered again in the opening of Chapter 7 (Section 7.2). This provides a summary
of the key points discussed in Chapter 6 (Section 6.6) and presents the information in
light of behavioural models and Middle Pleistocene raw material acquisition strategies.
Chapter 7 then goes on to explore the key points of this thesis and finally concludes
with a summary of what has been achieved and a reflection on the process.
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Chapter 7. Discussion, Conclusion, and Future Research
7.1.

Introduction

Chapter 7 presents the discussion and conclusion of this thesis, focusing on the key
objectives of the project, how they were achieved, and the theoretical developments
made. It also discusses the challenges faced throughout the research and how these
were considered within the wider methodological framework. The results of the
archaeological case study were discussed at the end of Chapter 6 (Section 6.6) but will
be summarised below, particularly in the context of the potential of geochemical
profiling to enhance the interpretation of prehistoric forager behaviour. This includes
an appraisal of pXRF as an analytical technique and comments on the future progress
of both the standardisation procedure and steps taken to improve elemental accuracy.
The device performance and general success of sourcing studies will be considered
with reference to the comparative ICP-MS dataset and the potential offset between
analytical accuracy and archaeological validity. The results of the geological case
study are summarised, presenting new insights into the elemental content and
variability of Upper Cretaceous flint in the UK. This is followed by a reflection on the
research climate of provenancing with particular reference to flint sourcing and future
directions of study are presented. Throughout the chapter the discussion aims to
present the potential of pXRF as a technique that can be implemented successfully in
a non-destructive manner as part of an integrated sourcing framework. This is
particularly relevant for prehistoric landscapes, where flint deposits are inaccessible,
such as at archaeological sites found on Continental Shelves.

7.2.

New Findings at La Cotte de St. Brelade

The key goal of this project was to use the existing record of flint artefacts from La
Cotte de St. Brelade to move beyond a site-focused understanding of behaviour into
how hominins interacted with the wider landscape of La Manche. Due to Holocene
inundation no geological survey or sampling could conducted therefore an artefact
centric methods was devised whereby any patterning in the geochemical data could be
linked to changing source use. This led to a research design where c.500 lithic artefacts
were selected for analysis from three separate occupations, Layer E, A and 5, which
took place in periods of different climate and environment. The methodology initially
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focused solely on geochemical profiling of these artefacts, however after reviewing
the sourcing literature (Chapter 2), the decision was made to integrate this data with
visual and technological attributes. The technique pXRF was selected for geochemical
analysis due to its non-destructive nature, high artefact throughput, and portability.
These were considered fundamental requirements as overseas travel was required and
a representative sample of artefacts was needed. To analyse a significant proportion of
lithics from each chosen layer was paramount in order to fully understand the
macroscopic and geochemical diversity in raw material used by hominins, particularly
in light of the lack of geological comparative material. However, challenges with the
application of pXRF were identified in Chapter 2 (Section 2.12.4), particularly in light
of its sensitivity and accuracy. As a result, this project also included a methodological
component focused on improving and assessing the application of pXRF for flint
provenancing.
The archaeological case study permitted new information to be extracted from the
three lithic assemblages analysed, this is summarised in Figure 18. It is important to
consider this new data in light of Neanderthal raw material strategies and the
behavioural implications presented in Chapter 3. Layer E is the oldest occupation at
the site and has several distinctive qualities, mainly it occurred in a landscape very
different to those of A and 5. The geochemical and macroscopic analysis identified
the use of a potential flint type that is less common other layers and is linked to stone
with high Ca. Although there is some uncertainty regarding these flint types and how
they reflect sources, for the purpose of this discussion this light grey-high Ca flint type
is considered to have been used by hominins during MIS 7. In Layer E there is a
considerable proportion of flint in the lithic assemblage, which indicates that the raw
material source was readily available in the landscape close to La Cotte de St. Brelade,
this is particularly evident when considering it in light of the distance-decay model
where stone types become less frequent the further they are located from the site
(discussed in Chapter 3, Section 3.5.1). The proposed proximity of the lithic source is
also reflected in the lithic technocomplex where the distinctive grey raw material is
used to make simple expedient lithics, which in accordance with the review of
literature in Chapter 3 (Sections 3.5.1 and 3.7.3) implies a lack of economisation. This
accompanied by the lack of formalised or heavy retouched pieces, and the high number
of cores at the site (Table 17), corresponds to low resource stress and a short transport
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distance, where raw material was collected and reduced in the local landscape (Chapter
3, Sections 3.5, 3.5.1, and 3.7.1). This appears to correspond with the trend observed
at other Middle Pleistocene sites that if a suitable source was nearby it would be
favoured by Neanderthals. In this way the raw material procurement signature found
in Layer E may be seen as typical of Neanderthal groups in the wider region.
It is noted in Chapter 1 (Section 1.3) that Neanderthal occupations are often observed
close to raw material deposits and the abundance of flint in the assemblage implies
that at this time La Cotte de St. Brelade may have provided an attractive site with
abundant lithic resources. Therefore, during MIS 7 the cave potentially functioned as
a base located conveniently close to a lithic extraction site, similar to those observed
in France (see Dawson 2012). Although the material is predominantly secondary,
rather than a primary outcrop, and has been linked to the relatively high sea level
(Chapter 6, Section 6.4.2), the presence of Neanderthal sites close to river gravels and
relic beaches has been documented elsewhere (Scott 2011). Therefore the region
surrounding the site could have represented an access point for a good quality
allochthonous source on the far extension of the Cotentin; particularly as source quality
and attractiveness influenced hominin settlement and visitation of specific areas.
This hypothesis is also supported by the reported movement or aggregation of
hominins through familiar or legible landscapes (Chapter 3, Section 3.6.6), here guided
by the coastline to the visible granite outcrop at the tip of the rocky peninsula. These
features imply that the Neanderthal occupation in Layer E fits well with the proposed
model of mobility and resource acquisition defined as ‘local’ in Table 4, where
relatively long term use of an abundant local source occurred from a home base type
or regularly visited site. It is possible to conclude in light of the results presented in
Chapter 6 and the review of known behavioural trends in Chapter 3 that the main raw
material source used in Layer E was close to La Cotte de St. Brelade and represents
the use of an extensive marine or riverine accumulation of secondary flint that derived
from a similar primary source prior to its movement by natural processes. This may
allow the flint type identified by the sourcing study to be labelled as an ‘abundant
coastal source’, representing an important resource within a region that was more
closely related with the Cotentin than the largely submerged Channel Plain.
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The occupations represented by Layers A and 5 occurred in cooler climates where
more sources were available in the wider landscape. The quantity of artefacts from
Layer A (Table 17) strongly implies that the Neanderthal population was sustained and
occupied the site for a long period. Longer occupations and lower mobility have been
used to imply heightened familiarity with the local lithic landscape (Chapter 3, Section
3.4). This may account for the diversity of proposed sources in Layer A, where the
sourcing study did not identify the presence of a particular flint type; instead
demonstrating a macroscopic and geochemical variety in the stone used. Despite this
the proportion of light grey flint in Layer A is less than Layer E, indicating a gradual
decline in the use of abundant coastal sources. This may indicate that Neanderthals
travelled further to access flint in the available landscape operating a mobility more
like the ‘intermediate’ type presented in Table 4. This would suggest the use of local
suitable resources but with logistical forays accounting for travel >20km to access
lithic material (Chapter 3, Section 3.2). This type of mobility is not uncommon in
Neanderthal populations, particularly when local resources are absent or depleted
(Section 3.7). It may be apt to therefore consider that the Layer A Neanderthals
operated a more mosaic approach to raw material procurement, travelling through the
wider landscape and collecting raw material from more distant sources. This could also
account for the greater number of formal tools identified in this layer, which may relate
to the optimisation of reduction strategies close to source (see Beck et al. 2002), or the
use of material whilst in travelling (Chapter 3, Section 3.5 and 3.5.1). Interestingly
Layer A contains four artefacts that may be deemed ‘exotic’, as they are not recognised
elsewhere in the assemblage and possess a distinctive geochemical and macroscopic
type. The presence of unique or infrequently observed material has been used to
suggest aspects of trade and exchange, possibly incurring longer transfer distances or
the maintenance of extra-group relationships (Chapter 3, Section 3.2). Although this
behaviour is difficult to pinpoint in Neanderthal groups the identification of this
unusual flint could indicate wider regional connections between groups and presents
an important avenue for future research at sites in the Normano-Breton Gulf.
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The hominin occupation evidence by Layer 5 at La Cotte probably occurred in the
most extreme environmental circumstances as glacial conditions of MIS 6 became
harsher. Evidence suggests that it was a relatively short term occupation with
considerably fewer lithic artefacts than the other layers studied (Table 17). This is also
supported by the intensive use of local non-flint raw material, which has been observed
at other short term Neanderthal occupations and is purported to show a low investment
in mapping the lithic landscape (Moncel et al. 2008; Matias 2016; Chapter 3, Section
3.7 – 3.7.1). However, there is a relatively high proportion of flint found in this layer
that does not possess features indicating an allochthonous origin; this is also seen by
the rarity of the high Ca coastal source common to Layer E. Shaw et al. (2016) also
noted that from technological perspective this layer has a considerable instance of
formal tools that may have been part of a mobile toolkit (Chapter 3, Section 3.5.1 and
Section 3.7.3). This implies a high degree of mobility and is observed at other
Neanderthal sites, for example Teixoneres Cave and Jarama VI rock shelter where flint
has been brought from a distant source (Navazo-Ruiz et al. 2020; Picin et al. 2020). It
is also common to see longer distance transfers occurring during cold climates where
mobility may also be higher linked to the hunting of large herbivores (Roebroeks
2003). Therefore, it is possible to suggest that the relatively unique brown, high Fe,
raw material from Layer A occurs somewhere in the wider landscape and was either
brought to the site by mobile hominins or acquired via longer logistical forays. This
raises the likelihood that it can be linked to the Cretaceous outcrops farther to the north
of Jersey or from sources on the Cotentin; an observation also supported by its absence
during Layer E when these areas were inaccessible. Overall the results from this
analysis combined with the wider framework imply that the hominins in Layer 5 were
highly mobile living, perhaps precariously, in relatively cold climates. In this way La
Cotte de St. Brelade may have provided an area of respite whilst travelling or to settle
for a short time. The relative uniqueness of the raw material used and the
technocomplex support this observation and it can be proposed that this group of
Neanderthals represent a mobility more akin to ‘distant’, identified in Table 4.
The differences evidenced between these layers strongly imply that although La Cotte
de St. Brelade is often referred to as a single site it actually contained a range of distinct
occupations by different Neanderthal groups that did not employ the same stone
procurement strategies. Although to an extent this can be seen to correspond to the
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availability of sources in the landscape it is also reflected in changing technocomplexes
indicating different forms of economic organisation. Therefore the archaeological
deposits do not represent one homogeneous unit, and this can be shown in the
reconstruction of raw material strategies, which correspond to the three population
types summarised by Table 4. It is already noted in Chapter 3, that social and
ideological factors likely influenced modes of procurement, though this methodology
is not able to directly comment on that. This is perhaps one of the difficulties presented
by the inaccessibility of the submerged landscape. However, the repeated occupation
of La Cotte de St. Brelade strongly implies its place at the centre of the Neanderthal
foraging regions, even when sea level was high. This persistent use of the landscape
may be due to the site’s role for human groups as a place of significance, recognised
and revisited by generations of Neanderthals (see Shaw et al. 2016).
7.2.1. Implications for Neanderthal Archaeology
The results of this project also have significant impact for the analysis of artefacts from
sites where the archaeological landscape is now inaccessible, for example submerged
areas of the Continental Shelf. The investigation of submerged contexts is becoming
increasingly popular as the discovery of new sites via prospection or dredging
highlights the presence of humans activity beyond modern coastlines. Many studies
focusing on these areas are composed of multi-disciplinary research teams who use
novel methods to adapt to these contexts, for example diving (Bynoe et al. 2016),
coring, and sea floor survey (Coles 2000; Fitch et al. 2007). A clear shift towards
placing archaeological deposits within the wider landscape context by challenging the
artificial truncation of hominin subsistence areas by Holocene inundation. However,
diving and dredging are expensive, time consuming, and do not always yield results;
this type of investigation is generally funded within larger research projects and is not
always appropriate, for example the tidal range and steep coastal cliffs makes diving
difficult in the Channel. This research contributes to the developing field of submerged
archaeology by demonstrating that new archaeological information can be gained
using geochemical data within a sourcing framework even where geological survey is
impossible. In this way the extant lithic archive provides new information about the
sources used in the wider landscape indicating the utility of the preserved terrestrial
record. This methodology may be applied to other Neanderthal contexts, such as the
cave complexes on the south coast of Gibraltar, indicating an impact beyond the
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Middle Pleistocene of La Manche. As discussed in Chapter 1 (Section 1.6) it is widely
reported that coastal or changing landscapes drew humans to settle, with the dynamic
environments provided acting as a catalyst for change, innovation, and long term
settlement. This is particularly relevant for Neanderthals who appear to have built
strong relationships with their local landscape, residing in topographically complex
areas, such as coastal caves and rock shelters (Chapter 1, Section 1.2). Therefore, the
development and future refinement of a non-destructive artefact-centric methodology
is likely to prove useful in the wider Neanderthal research sphere.

7.3.

The use of pXRF in an Artefact-Centric Methodology

A detailed discussion of the archaeological significance of the geochemical,
macroscopic, and technological analysis conducted on the artefacts from La Cotte de
St. Brelade is presented in Chapter 6 (Section 6.6) and summarised again at the
beginning of this chapter. The results of the case study clearly demonstrate that, when
combined with other forms of analysis, geochemical profiling indicated genuine trends
in raw material acquisition at La Cotte de St. Brelade. This implies that different modes
of stone procurement occurred in the three chronologically separate occupations,
reflecting a shift in flint availability in the La Manche region. In particular the
geochemical data identified a pattern of similar flint that was high in Ca associated
with Layer E, and a selection of artefacts with comparatively elevated Fe, found in
Layer 5. Although the multivariate statistics indicated a degree of elemental similarity
between a significant proportion of artefacts, when integrated with a wider framework
of data, an archaeological interpretation could be reached. Perhaps the most significant
result of this analysis is the diachronic change observed in raw material procurement
between the Stage II and Stage III deposits at the site. Overall this detailed study of
c.500 artefacts from the three layers provides a clear picture of the changing use of at
least two different flint sources through time.
In this way the addition of pXRF data to more traditional forms of analysis was
successful, however it is clear that limitations were imposed by the low proportions of
non-silica elements, which restricted the range of elements that could be accurately
detected. This is particularly evident in the comparison of pXRF and ICP-MS data,
where the latter accurately quantified c.40 elements, some at ppb level. It is highly
likely that a clearer distinction between the artefacts would have been possible with a
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greater selection of elements for comparison. This is evident in light of the geological
case study and literature review where a suite of elements were found useful for
geochemical differentiation, in particular the REEs (Chapter 2, Section 2.5.3, and
Chapter 5, Section 5.6.1). However, the choice of pXRF as a profiling technique for
this study is outlined in detail in Chapter 4 (Section 4.4) and throughout this work steps
were taken to maintain and report data quality in order for the analysis to reflect true
geochemical relationships. This included the application of a bespoke calibration to
the data, that was created at UCL using standards matched to an aluminosilicate matrix
(Chapter 4, Section 4.4.4). The calibrated pXRF data provided readings at an
acceptable accuracy for Ca, Fe, Rb, Sr, and Ti (c. 20% Hall et al. 2014). Although data
was also presented for Co, Cu, Ga, K, Mn, Nb, and Pb these were mot measured
accurately, perhaps due to their presence close to the LOD. Clear limitations exist
linked to the high quantity of silica in flint and this has a significant effect on pXRF
accuracy, commonly resulting in a percentage error (Newlander and Lin 2016; Hall et
al. 2014). Therefore the inaccuracy of some elements analysed for is perhaps
unsurprising based on the analytical capabilities of the pXRF device, as discussed in
Chapter 2 (Section 2.12.4). In future this may be addressed by using a newer model of
pXRF spectrometer, for example the Olympus Vanta, which is able to analyse REEs
(Frahm 2017; Olympus 2018). However, the calibration did afford significant
improvement in elemental accuracy for those used in the archaeological case study. In
this way, despite the relatively small number of elements available for comparison a
strict selection process was deemed necessary to ensure the validity of the elemental
signatures.
Overall the advantages posed by pXRF for this methodology outweighed the analytical
challenges, however it is likely that future work and further calibration will improve
its utility for analysing flint. There may also be other calibration options and the
potential for collaborative projects focused on improving the standard of pXRF data
on flint, such as the PYRO obsidian standards (Frahm 2019). Furthermore, the concept
of absolute accuracy is nuanced, particularly with this complicated material and some
authors suggest that a degree of consistency, for example high analytical precision can
provide internal accuracy within a well-designed study (Frahm 2013). Although this
approach has been criticised by archaeological scientists as silo science, due to its the
lack of external comparability (see Shackley 2008; Speakman and Shackley 2013).
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However, importance is also placed on the degree of legitimacy provided by artefact
geochemistry in relation to its ability to answer the archaeological question/s posed
(Lemiere 2018; Shackley 2005). This is discussed in depth by Frahm (2012, p. 171) as
‘conceptual validity’, where the utility of geochemical data directly corresponds to its
contribution to the research goal. The concept of conceptual validity therefore places
less emphasis on the absolute mathematical accuracy of readings, if the data can
provide significant archaeological information. Here the conceptual or archaeological
validity of the pXRF analysis is enhanced by its integration within the context of the
Normano-Breton gulf, for example the control on landscape availability provided by
climate change and sea level. This approach is proposed by Frahm and Doonan (2013,
p. 1426) who suggest that “technique combines with research context, rather than sits
in isolation, to create validity”.
Therefore the archaeological deposits at La Cotte de St. Brelade and the associated
Middle Pleistocene environment of La Manche provide an ideal setting to apply
contextual information to the geochemical data . The site itself represents an extensive
stratified record of Middle Palaeolithic hominin behaviour in the 11 archaeological
layers dating from MIS 7 to MIS 5e (Chapter 6, Section 6.2.3; Figure 48). These
occupation levels all contain lithic artefacts that display variation in their
technocomplex, which is useful when considering organisation and behaviour as
observations of specific knapping strategies relate to economic strategies and raw
material availability (Chapter 3, Section 3.5.1 and 3.7.3). The position of the site
within a cave system that is central to the foraging region also ensure that it is a good
candidate for the observation of models, such as distance decay (Kuhn 2005; Chapter
3, Section 3.5.1). The wider area of La Manche also presents further important
contextual data, for example the relationship between the changing environment and
the types of flint deposits that were present and accessible (Chapter 6, Section 6.3, and
references therein). In this way the results of the sourcing analysis can be framed
within multidimensional strands of evidence to achieve a clearer picture of their
significance. This allowed for the interpretation of the patterning of the geochemical
data to be grounded within a wider assessment of the archaeological, behavioural, and
environmental information presented by the context. In this way the conceptual
validity of the results is enhanced, as they form a cohesive part of the interpretation of
Neanderthal behaviour in the area.
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The geochemical data provided by pXRF was also combined with macroscopic and
technological analysis, which is common in sourcing studies and generally
recommended (see Brandl 2013). Although it was not an option at this time adding
other forms of enquiry, for example optical microscopy or XRD analysis would likely
clarify the identified groups (Chapter 2, Sections 2.9-10). The comparison of the
geochemical and visual analyses was useful in interpreting the results of the La Cotte
artefacts, particularly alongside the application of contextual information. The use of
all available forms of data was particularly important for this study due to its artefactcentric nature of this study (Chapter 6, Section 6.3.1) and the inability to directly
sample the geological sources. This was evidently an atypical sourcing study, however
the reasons behind its pursuit in the face of this complexity are noted throughout after
their introduction in Chapter 1 (Section 1.6). Namely the potential of the site and area,
the timing during a period of innovation both in sourcing and the interpretation of
Neanderthal archaeology, and the access to and availability of the collections. As noted
the results of this study are positive and have been successfully employed to
understand more about the Channel Neanderthals and their raw material procurement,
but due to the inaccessibility of the geological landscape it was impossible to
concretely attribute the lithic assemblages to specific sources. However, as Luedtke
(1992, p. 109) states “All source identifications have an inherent level of uncertainty,”
a perspective echoed by other researchers (Chapter 1, Section 1.4). This is due in part
to the almost infinite number of flint and chert sources and the potential that they have
changed or been exhausted through time. It appears that the majority of sourcing
studies are conducted with some appreciation of this potential error and many rely on
a degree of patterning to suggest the best fit source using statistical analysis (Frahm
2012). In this way this study, although appearing initially exceptional, maintains a
home within the wider ‘sourcing’ community and is also strengthened by the
application of a contextual framework (summarised in Table 19).
The observation of mathematical patterning in the dataset would not have been viable
with a small sample size of artefacts, which was another reason for choosing pXRF.
Sourcing studies that use destructive to minimally destructive techniques regularly
report data for relatively few artefacts to form conclusions about hominin movement
and raw material acquisition (see Pettit et al. 2012, figure 4, p. 284). In this case it
would have been impossible to select appropriate artefacts for destructive analysis
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without previously establishing macroscopic or geochemical groupings. Here pXRF
analysis was able to identify clear raw material units of interest, for example the high
Ca flint associated with Layer E. These trends may be further explored with different
analytical techniques further clarifying the proposed relationships and contributing to
the progress of the artefact-centric sourcing methodology. As noted a significant
portion of this research is focused on the methodological development of nondestructive pXRF analysis. This was prompted by the considerable criticism of its use
by archaeologists, which is discussed again below. Several key challenges were faced
as part of this analysis that related to the technical performance and practical use of
pXRF to analyse the lithic artefacts. From a practical perspective pXRF functioned
well as a non-destructive tool, however some issues were identified during analysis,
such as the need for a flat clear surface larger than the detection window to ensure
optimal readings. Although most artefacts from La Cotte de St. Brelade had a suitable
surface for analysis it is important to consider that due to its non-destructive nature
pXRF analysis is affected by aspects of the artefact surface, for example patina and
weathering. Several curatorial issues were also noted in particular the marking of
artefact number and site code on the most appropriate analytical surface. This suggests
an important consideration for future curation of lithic artefacts where geochemical
analysis is suitable and highlights the need for less invasive marking protocols, such
as QR codes that can be linked to digital records (de la Torre et al. 2019). Although
these issues are not unique to pXRF analysis it is likely that the development of best
practice guidelines would be beneficial in order to enhance the potential for nondestructive analysis of large archives.
The instrumental performance of pXRF was a key concern for flint analysis and is
discussed in depth throughout this thesis. This is due to the limitations of the
technology itself and generally low <500 ppm trace element content in flint.
Complications incurred by inaccurate pXRF measurements are widely reported and
the reporting of data quality procedures is key to maintaining external comparability
of the results (Brand 2014; Brand and Brand 2014; Hall et al. 2013), however many
geochemical studies of flint do not provide this information. It is common practice to
routinely analyse CRMs NIST 610 and 612, and less frequently NIST 614 in order to
monitor the analytical accuracy of flint studies. However, in the geosciences it is
recommended to use a greater number of standards with a range of elements in
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quantities relevant to the analyte. Researchers generally agree that the application of a
calibration procedure can improve the accuracy of pXRF analysis (Craig et al. 2007;
Forster and Grave 2012; Goodale et al. 2012; Nazaroff et al. 2010; Shackley 2010,
2011, 2013; Speakman and Shackley 2013). Here, a bespoke calibration was applied
to the pXRF data that was able to improve the accuracy of the elements used for
multivariate statistical analysis. Although this calibration successfully reduced the
analytical error it was not designed specifically for flint therefore in the future a key
step is to develop a better range of accessible CRMs that can be applied as a bespoke
or empirical calibration. However for this analysis the practical application of the
pXRF technique and decision to use this calibration successfully generated data that
could be used to infer trends in raw material procurement through time. Hence the
ability of pXRF to provide data that can be used to investigate Neanderthal behaviour
in this complex context is evident and despite challenges it holds a great deal of future
potential for the use in marginal areas where geological survey is impossible
(discussed in Chapter 1, Section 1.6). As few geological or archaeological landscapes
have remained static since the Pleistocene the adoption and development of techniques
that think a little differently about sourcing is positive and pXRF has a clear place
within this moving forward.

304

Table 19: A summary of the lithic sourcing framework and its practical application to the sourcing methodology (continued p. 306).
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Table 19 continued: A summary of the lithic sourcing framework and its practical application to the sourcing methodology.
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7.4.

Identifying a flint ‘source’

This research began with the clear goal to design a lithic sourcing study that would
complement the extensive archive of flint artefacts from La Cotte de St. Brelade. The
pXRF device was chosen as an analytical approach due to a recent resurgence in
studies using geochemical profiling techniques to analyse flint (for example Pettit et
al. 2012). However, as discussed in Chapter 2 (Section 2.12.9) flint is a complicated
material to analyse and one of the fundamental concerns is whether the elemental
signature of geological deposits permits the definition of a specific source. This
concern prompted the geological section of this research project, with the goal to better
understand the behaviour of flint from a sourcing perspective. Thus providing data
about how Upper Cretaceous flint deposits behave geochemically, which could then
be discussed in terms of the archaeological case study. The decision was made to use
ICP-MS to analyse the geological samples, as it is an extremely accurate and sensitive
technique, which is used widely to profile whole nodules of flint (Finkel 2019).
Therefore the results are representative of the whole rock, accounting for some of the
issues with localised geochemical variation in flint. The results of this analyses clearly
demonstrate that geochemical variation in the geological sources targeted does show
trends that can both separate and link individual sources, for example the results from
Portsdown Hill.
One of the key considerations of flint provenancing via geochemistry is whether its
elemental content varies in a manner that presents individual sources, whose
geochemical profile can be linked to artefacts. Flint geochemistry is discussed in
Chapter 2 (Section 2.5), and it is widely acknowledged that it can present challenges
for provenancing studies, this is due in part to the subordinate presence of non-silicon
elements in trace quantities (<1000 ppm) but also to unpredictable variation in element
content. Although common elements are reported in flint, for example those that can
be related to clay minerals Al, Ca, Fe, K, Mg, Mn, and Na (Table 2), their abundance
in flint depends on features of the formation environment and diagenetic conditions
(Aspinall and Feather 1972; Bush and Sieveking 1986; Cackler 1999; Gurova et al.
2016; Luedtke 1992, p.36). Both high and low variation in element content have been
reported in geological deposits and artefacts, which can lead to areas where sources
cannot be identified because they are geochemically indistinguishable (Cackler et al.
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1999; Gurova et al. 2016). This affects the success of studies to identify links between
artefacts and sources, particularly in light of the provenance postulate (Chapter 2,
Section 2.6.1).
This observation is particularly notable for Northern European Upper Cretaceous flint,
which formed in extremely pure chalk facies laid down in the shallow Tethys Ocean,
far from active coastlines (Cope 2006; Hancock 1975). The flint therefore is relatively
elementally pure, as terrigenous detrital content is rare in the parent chalk, and is
exceptionally high in SiO2, when compared to other silicate rocks (Sieveking et al.
1972). Previous studies of Upper Cretaceous flint (e.g. Aspinall and Feather 1972;
Sieveking et al. 1972) have demonstrated some positive results in assigning Neolithic
Axes to their respective flint mines in the UK but found that some source areas could
not be separated. More recent work, for example Rockman (2003) established
geochemical patterning in flint from the UK, separating outcrops via ratios of Rb/La.
However, from the outset of this research it was evident that the composition of Upper
Cretaceous flint was still not well known, particularly in light of the impact of
elemental variation on provenancing studies. Therefore the geological case study was
designed to provide information about the geochemical variation in flint, to assess its
sourcing potential and provide a wider understanding of its elemental content. The
investigation also complimented the archaeological case study by presenting an outline
of what level of variation can be expected on an inter and intra-source level.
In the geological case study (Chapter 5) 50 flint nodules sampled from Upper
Cretaceous contexts in the UK, were analysed by ICP-MS, an accurate and precise
technique with low LODs (ppb-ppt; Pollard et al. 2007, p. 195). The results of the
analysis provided an assessment of elemental content in flint for 40 elements, which
revealed that the majority of elements were present <10 ppm, with Ba, B, Fe, K, Mg
and Na between 10-500 ppm and only Ca >1000 ppm (Table 8). This has important
implications for techniques with high LODs, which may not be able to detect element
at low abundance, but also provides clear guidance for flint sourcing studies in
elements to be expected or targeted during analysis. The initial PCA created using
multivariate statistics, which was labelled via county, demonstrated clear associations
between certain geographical areas. The samples from Portsdown grouped well and
occurred in the same area of the plot as the Isle of Wight nodules, these were also
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associated to an extent with flint from Dorset (Figure 26). In the centre of the plot the
Sussex samples group but also overlap with Wiltshire flint, suggesting elemental
similarity. The Kentish sampling sites and nodules from the Transitional areas of
Norfolk and Bedfordshire do not appear geochemically related to the flint from further
west on the south coast. These relationships were further observed in the bivariate plots
of elements Fe/Sc, Ca/V, Sc/V, B/Sc, and Li/Ba (Figures 31-34) and are summarised
well by the HCA dendrogram in Figure 37.
The results of the analysis of multiple nodules from across the Portsdown Chalk
anticline demonstrate that intra-source variation was not high, as they are grouped by
the PCA and bivariate plots and show a significant degree of similarity on the graph
in Figure 36. These results indicate that regional differentiation in flint from these areas
is possible, this is a positive result from a sourcing perspective suggesting that artefacts
may be provenanced to the western south coast or Kentish/Transitional area. The low
intra-source variation shown in the Portsdown samples also indicates the potential for
the existence of distinct sources within these wider distributions, that can be defined
geochemically. This has an important impact for archaeological sourcing studies
demonstrating that the inter-source variation is low and therefore primary sources of
flint in this case possess unique elemental signatures. Although it was only possible to
collect several nodules from each site, due to the number of samples permitted by the
ICP-MS analysis, the statistical analysis suggests flints taken from the same outcrop
co-occur. This implies that future fieldwork and analysis could strengthen these
observed relationships and produce results similar to the Portsdown outcrop. Overall
the conclusions of the geological case study are promising and show trends in the
geochemical composition of outcrops that suggest that artefacts made from Upper
Cretaceous flint can be provenanced.
Despite the success of the geological case study it is important to note that the review
of relevant literature and flint formation in Chapter 2 strongly links flint composition
to aspects of its formation environment and therefore varies geographically. Although
features, such as the high content of silica, remain constant the influence of the
formation environment, introduces unpredictable regional variation. The resulting
trace element composition is therefore based on the conditions of the proximate
sedimentary basin and more localised features, such as volcanic or organic activity.
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This indicates that the ability to provenance flint is not the same in all geographic areas
and some may possess discrete identifiable sources, whereas others display diversity
incompatible with the provenance postulate. This suggests that sourcing studies are to
a degree context specific and depend on the archaeological question posed in
combination with the geological landscape. This statement is true for techniques
beyond geochemistry, such as those based on the presence of useful microfossils or
variation in silica polymorphs. However, the geochemical results presented in this
work strongly support the existence of regional variation in Upper Cretaceous flint
samples from the UK, which has previously been proposed to be low. This is a positive
result for the future of flint provenancing in NW Europe and further sampling will
likely strengthen the observations from the current dataset. The results also provide an
assessment of the relative quantities of the 40 elements analysed for during ICP-MS
and the multivariate statistics identified elements that were particularly useful in
separating outcrops, for example Sc. This data contributes to the understanding of flint
composition and variation, which is fundamental to selecting appropriate analytical
techniques, sampling strategies, and assessing data quality.

7.5.

Destructive versus Non-destructive: ICP-MS and pXRF Compared

The review of flint sourcing literature presented in Chapter 2 highlights the many
methods that have been used to establish the geological provenance of flint and their
degree of success. It is evident that a range of techniques are available to archaeologists
and that selecting which to use is based on the overall research design and aspects of
practical application. In particular there appears to be a choice between extremely
accurate destructive technologies, such as ICP-MS and NAA, versus those that are
non-destructive but present a degree of error and uncertainty, such as pXRF and visual
analysis. The comparison presented in this thesis of ICP-MS and pXRF data
epitomises what may be seen as an analytical trade off as they incur different levels of
artefact damage, time commitment, and analytical results. In order to compare the data
produced by the techniques the pXRF device was used to analyse the geological
powdered samples that were submitted for ICP-MS using the same analytical and
calibration protocol as the artefact analysis. This process aimed to assess the
performance of pXRF on matrix matched samples of known elemental composition.
The results of this comparison are discussed in Chapter 5 and show clear differences
in the data generated, for example ICP-MS analysed for 40 elements whereas, after
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evaluation of the data, only five elements from the pXRF analysis were carried through
for statistical analysis. The results of this comparison were not unexpected as ICP-MS
and pXRF function in different manners and pXRF cannot detect elements close to
their LOD of ppb or ppt. However, it was an important exercise to demonstrate the
capabilities of the both techniques although it revealed that pXRF could not reliably
detect some elements that were found useful when separating the geological sources.
In this manner ICP-MS may be deemed the more suitable of the two techniques,
although it was not possible to destructively sample the artefacts therefore in this way
it was unsuitable for the archaeological case study.
The experience of performing the two types of analysis was useful as it not only
demonstrated analytical but also practical differences. Due to the requirement to
introduce the sample to the detector as a liquid the preparation of flint for ICP-MS
analysis was considerable. The hardness and fracture properties of rock made sample
reduction difficult and extra care had to be taken to ensure that no contamination
occurred (discussed in Chapter 2, Section 2.12.6 and Chapter 4, Section 4.3.1).
Throughout the reduction and grinding process it became evident that due to these
characteristics, processing flint for destructive analysis may require specialist
facilities, such as laboratory equipment that can withstand a material that is 7 on the
Mohs scale. The sample dissolution, which took place at the NOC in Southampton,
was also relatively challenging as it required the use of HF. Overall these challenges
are well summed up by Thomas (2013) who suggests that ICP-MS is less accessible
than other techniques because it requires the help of a professional and specific
equipment. The opposite is true for pXRF, which does not require extensive sample
preparation or laboratory facilities. This has been cited as a reason that it can be
misused by archaeologists who find the technology accessible but may not have the
scientific background to interpret the results (Killick 2015; Shackley 2012; Speakman
and Shackley 2013). In this study the non-destructive and relatively rapid nature of
pXRF permitted the analysis of c. 500 artefacts. Steps were taken to minimise
analytical issues, such as the influence of sample surface morphology (discussed in
Chapter 2, Section 2.12.4). The analysis was conducted with a live time of 120s and
artefacts were recorded visually and technologically using the categories outlined in
Chapter 6. Despite this sessions using the pXRF in Jersey Museum were more efficient
time-wise than the ICP-MS procedure even accounting for the time spent
311

deconvoluting and calibrating the data. There is also a difference cost-wise between
the two techniques, as pXRF is expensive at the point of purchase (c. $35,000) but
relatively cheap to maintain and use, however the ICP-MS analysis cost approximately
£15 per raw material sample. In summary it is evident that both techniques are capable
of producing dramatically different geochemical results, despite limitations pXRF data
produced significant archaeological information, which demonstrates its utility within
this research framework where destructive analysis was not possible. This raises the
consideration of what degree of accuracy or range of elements is required and future
work will further explore the integration of destructive versus non-destructive
techniques. It is likely that as steps are taken to improve the reporting of factors, such
as measurement uncertainty, and pXRF technology develops it will be further
recognised as an alternative to destructive techniques.

7.6.

Reflections on the Research Climate

A conclusion reached in the early stages of this project was that the discourse
surrounding flint provenancing is somewhat controversial. This is in part related to the
complexities presented by flint, for example the low proportion of diagnostic nonsilica elements that can exhibit high or low variation (discussed in Chapters 1, 2 and
3). These factors have an impact both on how flint behaves as a source geochemically
and the success of different profiling techniques. However, discussions also frequently
focus on the application of geochemical techniques by archaeologists who are often
perceived to lack training and the ability to adequately assess the quality of data that
is produced (see Shackley 2008). A significant portion of this critique is based on how
geochemical results are reported and the increasing accessibility of analytical
techniques; this is particularly evident in attitudes towards pXRF as it becomes more
widely used by archaeologists (Shackley 2012). This concern prompted a great deal of
the analytical work presented in this thesis, notably the focus on reporting error and
understanding the limitations of pXRF. Here measurement conditions were reported
in detail and the data was calibrated via the bespoke calibration UCL Cal Ceramics 1,
in this way clear efforts were taken to provide the best quality data available. This
approach is common in the wider geosciences and an emphasis on quality assurance,
control, and standardisation of pXRF analysis is evident (see Brand 2014; Brand and
Brand 2014; Lemiere 2019; Hall et al. 2013).
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Overall it appears that despite the challenges presented by pXRF analysis it is a popular
and effective technology that has great potential for archaeological application. This
thesis contributes to the discourse of pXRF as an important analytical technique and
has benefitted from the more hopeful and constructive influence of researchers who
seek to integrate it within archaeological frameworks, for example Professor Ellery
Frahm. Despite this it is not blind to the difficulties presented and future work will be
needed, such as improving the availability of CRMs containing relevant elements in
quantities and ranges that reflect flint composition. Historically the scientific study of
flint and quartz has focused on its mineralogical composition and fracture properties,
which are significant to engineering projects (Aliyu 2016; Luedtke 1992; Mortimore
2014). As the potential for geochemical sourcing of artefacts grows the creation of
flint specific CRMs will be fundamental to conducting accurate datasets that can be
widely compared. This may take the form of well characterised standards that are
available for loan, for example the PYRO obsidian standards at Yale, USA (Frahm
2019). This form of standardisation of protocol would help to address the common
criticisms of both pXRF use and the analysis of flint artefacts demonstrating to
archaeometrists the commitment of archaeologists to produce quality data as part of
the wider sourcing community.

7.7.

Future work

7.7.1. Raw Material Survey in La Manche
One of the fundamental aims of this project was to understand more about the flint
resources used by hominins that occupied La Cotte de St. Brelade. In the scope of this
work surveys were conducted on the modern beaches of Jersey (Chapter 6, Section
6.3.5) and an assessment was made of flint presence in raised beach deposits based on
Keen (1975) and the advice of Dr Peter Hoare. One nodule of workable dimensions
was found at Gorey Harbour, which was submitted for ICP-MS analysis. An additional
nodule of primary bedrock flint was identified in the Jersey Museum geology
collections however, this was the extent of workable flint found. Permission to
destructively sample this nodule was acquired in April 2018, therefore it was not
included in the ICP-MS analysis, which took place in January 2017. Future ICP-MS
analysis will prioritise the material taken from this primary flint, in order to compare
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it with the geological dataset. The development of projects focused on the intertidal
zone of Jersey will be pursued working with the LaMP group, who hoped to conduct
a pedestrian survey of Violet Bank in April 2020. The aim of this survey was to provide
further information about the location of any secondary deposits preserved in capture
points around the island, which could then be compared to the La Cotte de St. Brelade
lithic archive. However, due to the global pandemic this fieldwork could not be carried
out in 2020.
In order to gain access to primary Cretaceous material from the Norman Breton Gulf
collaboration will be sought with Jersey Heritage and government bodies in larger
infrastructure projects, for example the Guernsey-Jersey-Normandy electricity cable
laid down on the seafloor in 2019 (Guernsey-Electricity 2018/19, p. 6). Creating these
connections between archaeological science and industry may provide geological
material that cannot be easily accessed whilst contributing to the heritage of the
Channel Islands and surrounding area. The significance of collaborative work between
chalk geologists and engineering is well established, for example the work completed
by Rory Mortimore in consultation with the Channel Tunnel project. It is evident that
the development of future partnerships such as these could greatly enhance flint
sourcing projects, particularly those that benefit from submarine sampling, which is
expensive and rarely within the scope of academic grants.
7.7.2. La Cotte de St. Brelade Archive
The results of the archaeological case study suggest that raw material acquisition
differed to an extent between the three assemblages analysed. This indicates that the
groups of Neanderthals that visited La Cotte de St. Brelade organised procurement
based on different factors, such as the availability of stone deposits and hominin
mobility type. The archaeological collections housed at the archives in Trinity, Jersey,
provide a key resources for further research into the lithic assemblages. There are a
total of c.94,600 lithic artefacts that were excavated in the 1970-80s and have
locational data spanning a time period from 238 – 40 kya. The initial pXRF data
identified trends within and between the three layers analysed, in the future these may
be tested using more sensitive analytical techniques, for example selecting artefacts
from Layer E and 5 for LA-ICP-MS analysis. This may support the pXRF data and
further explore the different types of raw material used. As the combination of
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geochemical, archaeological and environmental data demonstrates clear contrasts in
acquisition between periods of low and high sea-level future analysis will also focus
on identifying other assemblages at the site from distinct landscape conditions, for
example the Weichselian (126 – 45 kya) period. This will build on the proposal that
trends in raw material type are both related to changing climate and flint availability.
The review of hunter-gatherer procurement in Chapter 3 (Section 3.5.1) indicated that
several types of artefacts, for example those made with the levallois method, are
associated with longer transfer distances. A new focus can be placed on these artefacts
as they may derive from areas outside of the traditional site SETI providing better data
about the geochemical composition of the Cretaceous deposits in the wider Channel.
Another potential avenue of research will be to investigate diachronic change in raw
material strategies at La Cotte de St. Brelade from a wider Middle Palaeolithic
perspective, for example it has been suggested that procurement strategies changed
from the EMP to LMP, where transfer distances became longer. Therefore, future work
in the collection will target later deposits, for example those that relate to MIS 5e,
which may form an important contrast to the Saalian sequence. The identification of
the unique dappled grey artefacts from Layer A is important and suggests that there
may be potential to correlate different visual types of flint across the Normano-Breton
Gulf. The presence of the distinct geochemical types at La Cotte raises the possibility
to compare lithics from archives in the wider area, in order to suggest links between
sites and to investigate further the trends in flint use that have been identified in this
thesis.
7.7.3. Expanding the Geological Dataset
The geological case study conducted in this research collected 50 flint samples from
16 outcrops that could be clearly dated using the traditional chalk stratigraphy.
Although sub sampled for ICP-MS analysis a section of each nodule was retained and
recorded for future study. All nodules were photographed and described, and a
representative section has been stored and catalogued. There is clear future potential
for these samples to be analysed by other methods identified in the literature review,
for example XRD or thin section analysis. This will contribute to the understanding of
how flint varies from a microstructural perspective and support the development of
integrated flint sourcing methodologies. Future work will also further address issues
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of variation in geological deposits by adding to the geological reference collection and
conducting further ICP-MS analysis. A particular focus will be placed on acquiring
more raw material from specific aged deposits, for example Maastrichtian flint that is
likely important for other submerged palaeolithic contexts, such as Doggerland.
The resolution of recording also ensures that in the future these samples can contribute
to a record or Lithotheca of Upper Cretaceous flint from across the UK. The elemental
data provided here indicates that despite its relatively purity this flint does vary
geographically, and its potential is high for sourcing studies. The combination of the
macroscopic and geochemical data generated via ICP-MS may therefore be useful for
other researchers and archaeological projects wishing to source flint to a specific
geographical area. This is particularly pertinent in areas identified by the geological
case study, which have a significantly distinct geochemical signature, for example
Kent. Therefore, in future the author aims publish the geochemical data in an open
access journal or database, alongside images, to contribute to the wider understanding
of Upper Cretaceous flint provenancing.
7.7.4. Geological Dataset and the Potential for Calibration
This research concludes with previous studies that flint is a complicated material to
analyse and applying a calibration using a set of geological standards is recommended
to achieve externally comparable data (Craig et al. 2007; Forster and Grave 2012;
Goodale et al. 2012; Nazaroff et al. 2010; Shackley 2010; 2011; 2012; Speakman and
Shackley 2013). A key issue faced here was the lack of available flint appropriate
CRMs, which must be representative of both the matrix and the concentration of
elements present in flint (Hunt and Speakman 2015, p. 631). As demonstrated by the
review of literature few studies publish geochemical data in ppm or WT%, this has led
to a dearth of data on the exact elements flint contains. The new understanding
provided by the ICP-MS dataset may therefore allow for the selection of more
appropriate CRMs in the future. Further to this the material retained from the
processing of the nodules has great potential for developing a flint specific calibration
as it is both matrix matched and contains relevant elements directly reflective of flint
composition. This may involve sending the samples to a range of laboratories for
quantative analysis in order to create a series of geological standards, which can be
used to monitor measurement uncertainty and to create matrix-matched calibrations.
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This may be organised in a manner similar to the PYRO samples, which are a set of
obsidian reference materials that can be loaned from Yale University (Frahm 2012).

7.8.

Conclusion

This chapter aimed to provide a detailed discussion of the key research aims of this
thesis, including the advances made and the challenges encountered. It achieves this
through reflection on the behavioural significance of the new findings from La Cotte
de St. Brelade (Chapter 7, Section 7.1) and the evaluation of pXRF as a method to
provide these data. The theoretical issue of identifying a ‘source’ via flint
geochemistry are also discussed and the research climate surrounding ‘sourcing’ itself.
This brings the thesis together by summarising the lines of enquiry and reflecting on
the development and results of this research. To conclude this thesis the key research
questions presented in Chapter 1 will be reconsidered in light of the results presented.
Firstly, whether establishing the geochemistry of flint artefacts from La Cotte de St.
Brelade was able to shed new light on how the Neanderthals in La Manche procured
raw material during the Middle Pleistocene. This is discussed throughout the results
sections of Chapter 6 (Sections 6.5 – 6.8) and also in Chapter 7 (Section 7.1) and
overall it can be concluded that the geochemical data generated from the flint artefacts
did provide new information about Neanderthal lithic procurement at La Cotte de St.
Brelade. The new data can be summarised as such:
-

Trends in lithic procurement appear to have changed from MIS 7 – 6 in line
with different climatic and environmental conditions. This observation
permitted perspectives about hominin behaviour in each archaeological layer
that is summarised in Table 18 and Chapter 7 (Section 7.1).

-

In Layer E the high Ca, light grey flint, likely represents an abundant coastal
source located close to the site. The technocomplex and prevalence of flint
implies a transfer distance of <5km, which is typical for Neanderthal
populations. This may indicate that at this time La Cotte de St. Brelade was
occupied due to this specific resource as part of the extension of Neanderthal
groups on the Cotentin.
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-

In Layer A the data appears to suggest a more mosaic source use where the
long term occupation enabled Neanderthals to build high degree of landscape
familiarity, organising logistical trips to access different types of flint. Here La
Cotte was a base central to the wider landscape and this sustained occupation
may have led to longer forays or contact with other groups in the region, based
on the presence of the four ‘exotic’ artefacts.

-

The signature from Layer 5 appeared different to both E and A, representing
hominins surviving in a cool-cold climate. This occupation demonstrates clear
signs of shorter visits, for example the use of local non-flint stone, and the
presence of formal or mobile tools made from flint. Aspects of the
technocomplex, and the introduction of brown, high Fe, flint may imply longer
distance transfer of raw material from Cretaceous sources.

These conclusions are important, and it is evident that patterns in the data may
represent raw material types, however this will become clearer with further analysis.
At this stage the combination of visual, geochemical and contextual data was necessary
to reach these interpretations; therefore requiring a wider interpretive framework that
is not based on geochemistry alone. This relates to the second research question as to
whether pXRF was an appropriate technique to gather this information. The
performance and extent of pXRF’s capabilities is discussed in Chapter 2 (Section
2.12.4), and it is evident that here other complementary data was needed to achieve
the archaeological goal of this case study. However, the success of pXRF as part of
this archaeological sourcing framework is evident and this demonstrates its capability
to generate meaningful data for large assemblages of flint artefacts, adding to what is
currently known about Neanderthal behaviour in the area. The development of this
methodology is a clear step towards performing flint provenancing in a rigorous and
effective manner, whilst taking into consideration the complications presented by the
need to analyse large assemblages non-destructively. It also establishes the benefits of
appraising geochemical data alongside information about the research context,
contributing to the further development of novel sourcing models.
However, challenges were faced both in terms of the research context and the
technology used. Although the rationale behind the selection of the area and method
are discussed in depth in this thesis, it is important to note that this work does not
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represent a traditional sourcing study and as an artefact-centric approach it suggests
rather than defines sources, or trends in source use, based on the available information.
This approach has drawbacks but also raises the possibilities and potential for flint
‘sourcing’ to include studies in more challenging contexts where sources are
inaccessible or exhaustive outcrop sampling is not feasible. Here the use of pXRF was
ideal for the large assemblages and overseas collection, however there are well known
drawbacks to the technology. Despite this, after ensuring measurement uncertainties
were reported and the application of the bespoke calibration archaeologically
significant results were achieved; this implies that with a consideration of data quality
and calibration procedures pXRF is a suitable method of characterising flint and this
will improve as the technology develops. This thesis also reached positive conclusions
regarding the third key research question regarding whether Upper Cretaceous flint
geochemistry can be used to define geographical sources. A summary of the results of
the geological case study are presented in Chapter 5 (Section 5.8) and discussed again
in Chapter 7 (Section 7.4). Overall it can be concluded that elemental variation does
exist even in relatively pure Upper Cretaceous flint, and it is present in a manner that
allows the identification of sites and geographic areas. The significance of this dataset
will improve with more sampling and analysis, but the successful identification of
source areas and diagnostic elements is positive not only for the interpretation of the
archaeological case study but also the wider flint provenancing sphere.
To conclude, this type of research is challenging and required a significant amount of
complementary work, but the integration of pXRF data with environmental
information permitted a better understanding of Neanderthal flint procurement in the
three archaeological levels studied. This implies that with further testing and the
development of calibration procedures pXRF may be considered as a suitable option
for generating the elemental profile of flint. It is understandable that directing research
to more challenging areas, both context and technology-wise, comes with a different
set of expectations; however there is a clear need to expand the concept of sourcing to
account for this in order to investigate these lost landscapes.
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Appendices
Appendix I: The ICP-MS data in ppm for the flint nodules analysed
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Appendix II: The pXRF data in ppm for the archaeological artefacts analysed.
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Appendix III: Macroscopic data recorded for the artefacts analysed.
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