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Mutability—the ability to change form and sub-
stance—is a key feature of glass and metals. This qual-
ity, however, has proven frustrating for archaeological
and archaeometric research. This article assesses the
typological, chemical and theoretical elements of
material reuse and recycling, reframing these practices
as an opportunity to understand past behaviour,
rather than as an obstacle to understanding. Using
diverse archaeological data, the authors present case
studies to illustrate the potential for documenting
mutability in the past, and to demonstrate what this
can reveal about the movement, social context and
meaning of archaeological material culture. They
hope that through such examples archaeologists will
consider and integrate mutability as a formative part
of chaînes opératoires.
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Introduction
There is a growing awareness and interest in the mutability of artefacts in the past, particularly
the practices of recycling (e.g. Joy 2009; Foster & Jackson 2010; Freestone 2015; Pollard
et al. 2015; Sainsbury 2019).While this has been partly prompted by the increasing emphasis
on modern recycling, the archaeological record makes clear that recycling—as demonstrated
by a range of alteration processes—has been practised since humans first engaged with mater-
ial culture. Identifying and characterising recycling is essential in all areas of archaeology, as it
may significantly alter some of our basic interpretational building blocks, namely concepts of
material characterisation and provenance, value, identity, chronology and technology—the
basic ‘what, when, where and how’ of archaeology. If we overlook recycling, these most
basic of archaeological frameworks could be unsound. While many aspects of artefact mut-
ability are dealt with in isolation in the archaeological literature, from Roman spoila (Kinney
2001) to use-wear (Crellin et al. 2018), there is little general theoretical discussion of the
motivating factors for and the implications of recycling.
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The very term ‘recycling’, with its modern baggage, often creates problems of understand-
ing. The social and economic symbolism of altering, mixing and reusing material can vary
radically in different contexts. ‘Recycling’ is not a simple or monotypic process, although
it is often conceptualised as a single stage in technological schematics or chaînes opératoire.
Studies of the metal-production cycle, for example, often assume a simple loop, from ‘fin-
ished artefacts’ back to workshop—labelled as ‘recycling’ (e.g. Ottaway 2001)—although
this assumption is then often ignored in the discussion that follows. Hence, scientists and
scholars have been reluctant to engage with the broad and varied concepts of mutability,
whether reuse, repair or recycling. Our own experience, however, is that by engaging with
these concepts, we gain a clearer lens through which to view chemical, typological and
chronological data, even if the lens remains somewhat opaque. Archaeological acknowledge-
ment of the reality of recycling as an important aspect of ancient technology provides a new,
more realistic set of questions, which archaeological science can help to answer.

In this article, we present a brief discussion of different forms of mutability, with particular
focus on case studies of glass from Roman/post-Roman Britain and copper alloys from the
British and Irish Bronze Age. We present the varied lives of materials and the changes that
they undergo between their initial manufacture into objects, to their final unearthing by
archaeologists. Using partly ‘thought experiment’ and partly case studies, we aim to show
how integrated archaeological and archaeometric approaches can create inroads into the his-
tory of mutable materials.

The problem of recycling
The modern mind tends to regard recycling as a straightforward activity by which similar
waste objects (e.g. glass bottles or aluminium cans) are collected and returned to production
centres for use as raw (recycled) material. Recycling in the contemporary world is associated
with economic scarcity and related ecological concerns over waste and environmental loss.
These ideas, however, underplay the complexity of present-day attitudes to reduction,
reuse and recycling, and nor can they be simply transferred to thinking about recycling in
the past. Here, we put forward a brief sketch of various ‘sorts’ of mutability to highlight
the variety of mutations that materials can undergo and how these can be identified and
characterised. We assess recycling processes as a contributor of meaning to objects and
materials—the interrelationship of time, form, function and ownership.

Time, form, function and ownership
Recycling focuses attention on the interaction between form and substance through processes
of alterations not just of shape and material, but also of function and ownership. ‘Ownership’
is a complex term as applied to materials in the past (cf. Earle 2000), and is demonstrably
varied across time and regions. Here, we define ownership as a socially and culturally agreed
association of objects with people, whether to a single person, group or even mythical
persons.

For modern recycling, time, form, function and ownership are negotiated through finan-
cial markets, directed trade and factory-based production (Pajunen & Heiskanenm 2012).
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Meanwhile, current archaeological debates tend to discuss concepts of materiality and the
biography of objects (e.g. Hoskins 2006; Hodder 2012; Jones 2012). Drawing on early
work, such as that of Schiffer’s (1972) ‘lateral cycling’ and ‘recycling’, and Kopytoff
(1986) on the biography of objects, attention has been focused on paths and life histories.
Archaeologists have therefore concentrated on tracing ‘distinct’, discrete objects as they accrue
history and themselves become measures of change (Gosden & Marshall 1999), rather than
attending to the alteration and reuse of constituent material.

Recycling frequently features in archaeological approaches to the life-histories of objects
and assemblages, but such issues are often neglected in scientific studies. In archaeometal-
lurgy, for example, straightforward provenance interpretations of data, in which the final
object is assumed to be from a single geological source, are common. This ‘single provenance-
single production event’ technological model, however, can be critiqued from several angles.
Time-depth, for example, is of key importance (Swift 2012; Pollard et al. 2014). Whether or
not physical alteration occurs, there are cases where the relationship between chemistry, form
and time demonstrate the movement and flow of materials through different iterations (e.g. a
Roman drinking vessel used as a medieval church chalice).

Classes of mutability can be defined by considering the alteration and interaction of form,
time, context and ownership (Figure 1). Recent work has demonstrated that the scientific
study of archaeological materials can addmore detail to the histories and geographies of recyc-
ling, particularly by identifying chemical markers of change (see Bray & Pollard 2012; Pol-
lard et al. 2014; Sainsbury 2018). When we link issues of typology—the conventional means
of understanding changes in form—with scientific analysis of substance, we can begin to
think more dynamically about recycling.

In modern terminology, recycling means returning objects to a ‘raw’ form, so that they can
be re-made as new. A broader definition, however, includes any object that has been modified
from its ‘original’ or ‘prime’ shape, composition, ownership or chronological context. It can
also be taken to include object forms that persist beyond their initial currency: concepts and
shapes that are ‘archaic’, but which are recycled through production using ‘new material’. We
prefer ‘mutability’ as a more useful umbrella term for a wide range of activities involving
changes to both form and substance. Any number of economic, material or social factors
can drive these processes, which thus have a range of technological and social impacts. It
is by blending a series of archaeological specialisms that we can begin to unravel recycling
in the past.

Through proposing a broad and contextual definition of mutability, we aim to avoid a
version of the ‘presentist fallacy’ (e.g. Killick & Fenn 2012: 561)—specifically the dangerous
assumption that modern value systems had similar meaning in the past. Explicitly, modern
recycling is based primarily on economic concepts of value, global trade and energy expend-
iture—concepts that are often inappropriately applied to the past. Such a materially (or envir-
onmentally) deterministic definition needs extending to include the social context of
recycling. Anthropological studies often stress, for example, the necessity of perpetuating
the form of an object during reuse in order to retain an embodiment of spiritual power.
As Swift (2012: 202) states, “In each case, the decision to maintain, discard, deposit or trans-
form the object would be made in relation to the perceived value and meaning of that par-
ticular object at that specific time”. Such considerations produce different modes of
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Figure 1. Schematic of the complex and subtle interplay of multiple factors that can be viewed as mutability. The schematic emphasises: 1) the ubiquity and pervasiveness of
‘mutable processes’; 2) that these are layering processes, where an object can be transformed multiple times and ways; and 3) the need for collaboration on multi- and
inter-disciplinary approaches to identify and understand these processes (figure by the authors).
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‘recycling’, in which the ‘scrap value’ of an object may not be the important factor, if it fea-
tures at all. Untangling such complex material-social pasts requires the collaboration of field,
research and laboratory archaeologists.

Different forms of mutability
To discuss the interaction between the mutability of objects, places and chronologies, we con-
sider two broad categories: the first in which the form of the object is changed (recycling), and
second where it is not (reuse). Although such a split grossly simplifies matters, it allows prag-
matic inroads to be made through bringing together various datasets and perspectives. The
first category, recycling, has been problematically used in archaeology to encompass many
processes. While it is often used, for example, to mean complete destruction through
re-melting (e.g. the recycling of Roman glass cullet; Silvestri 2008), this is not always the
case. Hence, we have chosen a broader definition: ranging from a small physical alteration
with an object continuing its original function, to the complete obliteration of the original
form, which then allows the material to be reused as though raw. As will be discussed, even
full liquidity might not destroy or discount the ideological significance of an object’s previous
life.

Our definition of ‘reuse’ encompasses no physical changes beyond minor maintenance or
decoration, but rather refers to change of purpose, place, owner or cultural significance of the
artefact. Within such a definition of reuse, therefore, we consider the passing down of heir-
looms and the opportunistic, quick recovery and exchange of discarded items.

Recycling
The general archaeological invisibility of re-melting has limited discussions of possible moti-
vations for such practises; if the object has been completely remade into a new form or type of
object through a melting step, none of the original form (with its usual typological markers)
remains. By combining chemical studies with social and artefact-based archaeology, however,
such recycling behaviours can be inferred and reconstructed.

Both ancient textual sources (e.g. Statius, Silvae 1.6.73–74; Mozley 1928; Martial, Epi-
grams 1.41 & 10.3; Shackleton Bailey 1990; Juvenal, Satires 5.47–48; Morton Braund
2004), and archaeological and archaeological science studies (e.g. Silvestri 2008; Foster &
Jackson 2010; Freestone 2015) attest to the recycling of glass, and even the trading of cullet,
in the Roman world. These works—both ancient and modern—indicate that commercial
interests were a driver of glass recycling at the height of the Roman period. It consumes
less energy tomelt pre-made glass than to form fresh glass, and it is therefore less economically
costly. The overwhelming majority of glass used across the Roman world was produced along
the Levantine coast and in northern Egypt (Degryse 2014). As the cost of transport to the rest
of the Empire was significant, recycling and the secondary production of glass was econom-
ically expedient.

Geochemical characterisation shows how carefully these recycling processes were orga-
nised. In the fourth century AD, colourless glass in Britain—and only colourless glass—is
of an older composition, and was recycled separately from other glasses (Sainsbury 2019).
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While there is some evidence for colourless glass being recycled separately in the previous cen-
turies, the base glass used in the production of coloured and colourless was the same (Free-
stone 2015). That is, the majority of glass had a very narrow chemistry, with only a small
variation across all samples in any diagnostic element, implying a single, well-known produc-
tion area (i.e. the Levantine coast), and it was coloured or decoloured after this first primary
production. In the fourth century AD, across the Roman Empire, this base glass composition
shifted, with the introduction of HIMT glass, so-called and recognised due to its higher con-
centrations of iron, manganese and titanium. In contemporaneous Britain, coloured glass
demonstrates some of the older material being recycled with the new HIMT material, but
the colourless glass contains no evidence of HIMT. It seems that very little of the freshly pro-
duced material reached Britain at all, probably because of increasing instability in Britain and
the inherent dangers crossing the Channel. To maintain any stock of glass that was tainted by
colourants, this material therefore had to be recycled separately. There is another strand to this
in that antimony—the most effective decolourant in Roman glass—is not usually present in
HIMT glass. In such glass, manganese acts as a decolourant, although studies have shown
that this is far less effective (e.g. Bidegaray et al. 2020), meaning that antimony glass was of a
visually higher quality. The disappearance of antimony in Roman glass has long been noted,
but the causes and meaning still remain a matter of debate (e.g. Paynter & Jackson 2019).
The reliance in Britain on recycling for colourless glass implies that the availability of glass deco-
loured with antimony became problematic, with recycling being the only convenient source.

While this recycling in Roman-period Britain seems to have been driven by more ‘mod-
ern’ ideas of resource shortages and trade complications, the reuse and recycling of Early
Bronze Age copper-alloys in Britain highlights how social and ideological choices can
drive the retention or recycling of material. Combining material science, large chemical data-
sets and archaeological typo-chronology allows us to identify the different treatments of
metals locked into distinct categories of object. There is, for example, a stark chemical con-
trast between the metals used for axes, halberds and daggers that relates to the chemistry of
their original mine source, but also to their social roles and people’s technological choices.
Towards the end of the third millennium BC in Britain and Ireland, there are two chemical
patterns in the copper in common use: As, Sb, Ag, which was produced by the Ross Island
Mine, County Kerry, Ireland, and As, Ni, which, at this time and context, is probably con-
tinental in origin (these are shorthands for copper that contains arsenic (As), antimony (Sb)
and silver (Ag), and arsenic and nickel (Ni) as principal impurities (Bray 2015; Pollard et al.
2018)). The majority of daggers are of continental metal (As, Ni), while 90 per cent of the
axes and halberds are of Irish metal (As, Sb, Ag). These are rarely mixed. The limited data that
we have for early British daggers in Beaker Culture burials often show extensive use-wear,
along with a distinct chemical profile compared with the rest of the metal assemblage
(Bray 2015; Woodward et al. 2015). Although this requires further investigation, it suggests
long periods of reuse, as daggers were originally cast in France or Spain, then entered Britain
as personal objects that continued to be passed down as heirlooms (Bray 2015). Similarly,
halberds with the distinctive Ross Island chemical signature show similar long histories of
sharpening and then careful, ceremonial burial (O’Flaherty 2002; Bray 2009).

These reuse patterns clearly contrast to the recycling (complete re-melting and recasting)
identified in the axe series. Published laboratory experiments, such as those of McKerrell and
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Tylecote (1972), allow us to assess the different behaviour of chemical elements during melt-
ing. Arsenic and antimony, for example, are vulnerable to oxidative loss, while silver and
nickel are stable. This behaviour allows us to gauge the relative degree of re-melting that a
unit of metal has undergone, compared with other objects in the assemblage or of contem-
poraneous manufacture. The chemical signatures of the axes, combined with their typo-
logical form, indicate the common re-melting and recasting into axes over several
generations. Indeed, the Ross Island chemical signature persists in axes, with depleted arsenic
and antimony, after the mine was closed due to flooding. While these elements do not
deplete at a set rate, by comparing the pattern of many elements over time, this continued
loss is apparent. Meanwhile, the chemical signatures of the used and worn halberds (O’Flah-
erty 2002, 2007) look relatively prime (i.e. very high arsenic and antimony). This attests to
their long use, but, importantly, not episodic melting and recasting (Bray 2009; Bray & Pol-
lard 2012). Thus, the social and technological contexts of axes and halberds result in different
recycling and reuse histories, which can be traced through these chemical patterns.

Alongside these examples of broad trends in material recycling or retention, we must also
consider recycling undertaken for a specific purpose, whether driven by ideology, pragmatism
or both. An obvious example is the recycling of deeply coloured Roman mosaic glass tiles
(tesserae) for the specific purpose of giving colour to a new batch of glass. There is archaeo-
logical evidence for the selective scavenging of these tesserae from earlier mosaics (James
2006), and their addition to ‘fresh’ glass batches, made apparent by the unique chemical
composition of these new tiles. Tesserae are more brightly coloured than most Roman
glass and are also often opacified with high levels of antimony (around 4.5 wt%). A distinc-
tion must be drawn here between antimony added in small amounts, which acts as a
decolourant (approximately 1 wt%), and these high levels, which precipitate out within
the glass, causing opacification. The appearance of transparent, coloured glass with elevated
antimony (significantly above what is required for decolouration), such as in the church win-
dow glass at Sion (Wolf et al. 2005), suggests such an addition. While antimony can also
function as a decolourant, there would be no purpose in adding high levels of an opaci-
fier/decolourant to glass that is intended to be transparent and coloured, such as that at
Sion. Experimental studies by Wolf et al. (2005) have shown that for even the very brightest
colours that appear in the Late Antique church glass at Sion, the chemistry is explained by an
absolute maximum ratio of tesserae to bulk glass of 4:10 by weight. Thus, less than half the
batch as tesserae are needed to colour glass. While many colourants, such as cobalt blue, seem
to have been difficult for Late Antique glass-makers to source, by exploiting the significant
amounts of Roman glass, they could still produce stunningly coloured objects. Sainsbury’s
(2019) large-scale study of glass from Britain has shown that much fifth- and sixth-century
glass, while otherwise apparently ‘freshly’ produced, was coloured using this technique. In
each of these cases of recycling, the past lives of these objects would not be apparent without
both a chemical analysis of the artefacts and a significant set of comparative data, as well as a
large quantity of typological and chronological information.

We should also consider how recycling alters the social and economic value of the same
material. The creation of beads or amulets by melting individual glass sherds or tesserae, for
example, is seen both in New Kingdom Egypt and across Late Antique Europe (Henderson
1987; Cool 2000: 49–50; Heck & Hoffman 2000; Cavalieri & Giumlia-Mair 2009;
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Nicholson 2011; Swift 2012). In Egypt, the contexts in which these beads are found indicate
that they are low-status artefacts, even though they are made from a high-value material,
whereas in Europe, using similar recycling processes, the resulting objects are found in high-
status graves. Finally, Roman-period beads are made of both recycled and fresh glass, often in
imitation of semi-precious gems, and were not considered to be of particularly high-status
(Swift 1999). Clearly, the value and technological sequence of glass use is not uniform across
all of these periods, and each case must be examined in context.

As well as defining recycling as an object passing through a molten state, there are other
processes that we should consider as ‘recycling’ rather than ‘reuse’. ‘Solid-state’ recycling, for
example, is evidenced in copper that is rough-hammered and shaped. A rather traumatic
example is that of the Auchnigoul Halberds. First found during ploughing by J.A. Smith
in 1939, a hoard of seven or eight halberds were “picked and placed on the wall of a fowl-
house, from which they gradually disappeared until only two were left” (Edwards 1940–
1941: 208). Gordon Childe later visited the farmer, and with Edwards’s assistance, recovered
two of the lost artefacts, “one buried in the muck of the fowlhouse and the other being used as
an earth for a wireless set” (Edwards 1940–1941: 208). Analogous practices are evident in
prehistory, such as the ongoing modification of greenstone axes as they were moved around
Europe (Sheridan et al. 2011: 412). Such alterations can change the appearance, function and
style of objects. Glass examples include the setting of shards of broken vessel glass in Roman
mosaics, such as at Casa del Torello and Casa dello Scheletro at Pompeii and Herculaneum,
respectively (Sear 1977), as well as the creation of lids for glass vessels by grozing (reshaping)
of the bases of other broken vessels (Price & Cottam 1998).

Reuse
The reuse of objects and materials has long been acknowledged in archaeological studies, but
rarely as part of a larger analysis of mutability. It is often discussed under terms such as heir-
loom artefacts, scavenging or trade (Renfrew 1975; Gillings & Pollard 1999; Caple 2010).
While some forms of reuse or curation are immediately apparent, such as for objects that
never entered the sub-surface archaeological record (e.g. the Lycurgus cup or the Portland
vase: British Museum Catalogue 1958,1202.1 and 1945,0927.1), others are more complex.
An integration of archaeometric and archaeological approaches can help disentangle these
scenarios. The metal or glass found in hoards or burials, for example, can show a demon-
strable variety in production dates, despite sharing the same date of deposition. The Yatten-
don hoard (Coghlan 1970; Needham 1983: Br 8, appendix 11, R1) contains axes and a
rapier, which date to much earlier than the rest of the Late Bronze Age assemblage.

Due to our understanding of chronological typology, assemblages, such as hoards, which
contain objects dating from multiple different periods, are usually visually apparent. Unfor-
tunately, glass—even in burials—is often fragmentary, meaning that typo-chronological
identification is not always possible. Furthermore, some object forms are extremely long-lived
and therefore relatively undiagnostic. Applications of archaeological science, however, can
assist. Roman glass goes through several well-dated compositional changes that can aid in
the identification of retained and reused objects in later periods. Analysis of compositional
data from 4000 shards of Roman and early medieval glass from England, for example, reveals
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that many post-AD 450 shards demonstrate a composition that ceased production in the
second to third centuries in Britain (Sainsbury 2019). For many of the shards, the composi-
tions showed no obvious physical or chemical signs of re-melting, implying that the objects
were probably directly reused. Indeed, the scavenging of glass vessels from former Roman sites
is a known practice in Anglo-Saxon Britain (White 1988).

Just as recycling can be motivated by multiple factors, so can reuse. Although there is a
temporal gap between the Roman and Anglo-Saxon occupation at Orpington, in Kent,
for example, the later burials contain huge quantities of Roman materials, some traded,
some scavenged (Swift 2012: 199). Grave 2 contained an early fourth-century continental
Roman glass bracelet, while the rest of the assemblage indicates deposition post-AD 450.
Once again, this highlights the complexity of concepts of ownership and time in the past.
The presence of Roman objects in Anglo-Saxon graves is well known, and is more thoroughly
discussed elsewhere (e.g.White 1988; Eckardt &Williams 2003). In the Anglo-Saxon world,
there was a practical and talismanic interest in earlier material, and a strong connection to
idealised ‘ancestors’ (Hunter 1974; Bradley 1998; Caple 2010). The veneration of barrows
or the placement of Roman artefacts in Anglo-Saxon graves clearly indicates that such
reuse was motivated by more than simple scarcity or pragmatism.

While these examples are relatively straightforward, there are more abstract forms of reuse.
Examples include copies of artefact forms that sometimes result in ‘skeuomorphs’, such as
ceramic versions of metal shapes (e.g. McCullough 2014), and later revivals, such as the
seventeenth- and eighteenth-century copies of Roman glassware that flourished after the
rediscovery of Pompeii (Whitehouse &Gudenrath 2007). Some Early Saxon coinage directly
copies Roman motifs, regardless of the original meanings of such images (e.g. early gold
thrymsas; Skingley 2014).

Reuse and repair raise the well-known philosophical problems, such as the classical
‘thought-experiment’ of the Ship of Theseus (Plutarch Theseus 23.1; Perrin 1914): similarly,
if each pane of a stained window is slowly replaced over time, maintaining the pattern, at what
point is it no longer considered a repair, but rather a new window? Does this change if the
pattern is lost but the glass remains the same?

Discussion and conclusions
Artefacts are more than static indicators of production, but rather integral parts of an intercon-
nected and ever-changing social system. As Joy (2009) notes, moments of transformation are
deeply illustrative, whether in form, function, time or simply ownership. To identify, disentan-
gle and interpret these shifts in the past requires a marriage of all the techniques at our disposal,
particularly typo-chronological, contextual and archaeometric analyses. Here, we have sought
to highlight how frequently this collaboration reveals that objects and materials in the past had
long and complex re-used and recycled lives. This type of work is impossible without compre-
hensive programmes of artefact recording and cataloguing, and the collection of significant
amounts of geological reference and comparative artefact chemical data. Both high-quality ana-
lysis of new samples—the analyses being completed with recognised standards—as well as the
dissemination of freely available raw data from such analyses is vital. Online repositories and
inter-laboratory collaborations should greatly benefit from our study of material processes.
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The complex histories or biographies of objects and people must be engaged with on both
a theoretical and a practical/empirical level. This requires an approach to archaeological sci-
ence that is not an ‘archaeological bazaar’ (Pollard & Bray 2014), but a discursive interpret-
ation of data that includes the archaeological evidence. Both analysts and specialists should
generate the questions asked of material, and not only should the ‘exceptional’ artefacts be
targeted for analysis. Analysts must be mindful that there are human processes that go into
the creation of the data that they are measuring, and archaeologists need to be wary of simple
linear interpretations of these data. This is vital in interpreting evidence from prehistory or
from periods with fragmentary historical sources, such as Anglo-Saxon England. Subtle
changes in the chemical character of materials, as well as context and relative date, represent
biographical fragments or life events that can be stitched together. Although an exacting pro-
cess, this approach avoids the traditional, simplistic assumption that underpins most prove-
nancing programmes: that an object is drawn from a single source and is cast once.

The mutability of artefacts is intrinsically linked to ownership and identity. Even in cases
with a high degree of alteration of form, in which old objects are completely melted down and
recast, the old shape is entwined with the owner’s choice over the new form, and the resulting
shared identity. In cases where the basic artefact type is retained but the form changes, there is
still complexity. The separation of ‘axe-metal’ and ‘dagger-metal’ in the Early Bronze Age
implies an important ideological connection between the past and future of these objects.
Was there a taboo about mixing? Was the social role and power of metal daggers so dominant
that their potential as mutable rawmaterial was not permitted or perceived? This is not to say,
however, that all object transformations were considered in this way. Each archaeological cast
must be studied on its own merits and based on its own data. The treatment of mixed hoards
of scrap and unrelated objects that are common in the Middle Bronze Age or Roman-period
glass cullet is very different to the carefully retained and protected copper daggers from mil-
lennia before. In all cases, highly mutable materials, such as glass and metal, show histories
that are intrinsically linked with recycling and reuse.

In approaching recycling in the past, we must avoid presentist assumptions. The consid-
eration of the mutability of artefacts that have no macroscopic signs of change is paramount.
Although not all objects offer clear indications, it seems that nearly all materials were recycled
or reused to some degree in Antiquity. This happened in a variety of different ways to fit spe-
cific social, economic, geographic or temporal environments. By recognising that this mut-
ability can cause specific changes or inconsistencies between form, composition, context and
time, we can track potential reuse and recycling. These types of study have particular conse-
quences for howwe build typo-chronological frameworks: an understanding of substance and
the way that this changes is required. Typological studies need to consider the history of the
materials from which objects are made, as well as their form. Through a judicious marriage of
all archaeological datasets, irrespective of specialism, we can use reuse/recycling concepts to
help us infer the movement, social context and the meaning of objects in the past.

Acknowledgements

The authors would like to thank the reviewers for their helpful comments, and Ian Freestone
for his advice on the glass. Any remaining errors are the authors’ own.

Victoria A. Sainsbury et al.

© The Author(s), 2021. Published by Cambridge University Press on behalf of Antiquity Publications Ltd

224

https://doi.org/10.15184/aqy.2020.240 Published online by Cambridge University Press

https://doi.org/10.15184/aqy.2020.240


Funding statement

This research has been supported by the Hastings Senior Scholarship, The Queen’s College
Oxford; John Fell Fund Award, Oxford University Press; Rakow Grant for Glass Research,
Corning Museum of Glass; Leverhulme Trust (grant F/08 622/D). P. Bray was supported by
the ‘Atlantic Europe in the Metals Ages’ project (AHRC grant AH/K002600/1).
V. Sainsbury, P. Bray and A.M. Pollard were supported by the ‘Flow of Ancient Metal
through Eurasia’ project (ERC advanced grant 670010).

References

Bidegaray, A.I., K. Nys, A. Silvestri, P. Cosyns,
W. Meulebroeck, H. Terryn, S. Godet &
A. Ceglia. 2020. 50 shades of colour: how
thickness, iron redox and manganese/antimony
contents influence perceived and intrinsic colour
in Roman glass. Archaeological and
Anthropological Sciences 12: 1–17.
https://doi.org/10.1007/s12520-020-01050-0

Bradley, R. 1998. Ruined buildings, ruined stones:
enclosures, tombs and natural places in the
Neolithic of south-west England. World
Archaeology 30: 13–22.
https://doi.org/10.1080/00438243.1998.
9980394

Bray, P.J. 2009. Exploring the social basis of
technology: re-analysing regional
archaeometric studies of the first copper and
tin-bronze use in Britain and Ireland.
Unpublished DPhil dissertation, University of
Oxford.

– 2015. The role and use of daggers in British Early
Bronze Age society: insights from their chemical
composition, in A. Woodward, J. Hunter,
D. Bukach & S. Needham (ed.) Ritual in Early
Bronze Age grave goods: appendix II. Oxford:
Oxbow.

Bray, P.J. & A.M. Pollard. 2012. A new
interpretative approach to the chemistry of
copper-alloy objects: source, recycling and
technology. Antiquity 86: 853–67.
https://doi.org/10.1017/S0003598X00047967

Caple, C. 2010. Ancestor artefacts-ancestor
materials. Oxford Journal of Archaeology 29:
305–18.
https://doi.org/10.1111/j.1468-0092.2010.
00350.x

Cavalieri, M. & A. Giumlia-Mair. 2009.
Lombardic glassworking in Tuscany. Materials
and Manufacturing Processes 24: 1023–32.
https://doi.org/10.1080/10426910902987119

Coghlan, H.H. 1970. A report upon the hoard of
Bronze Age tools and weapons from Yattendon, near
Newbury, Berkshire. Newbury: Borough of
Newbury Museum.

Cool, H.E.M. 2000. The parts left over: material
culture into the fifth century, in T. Wilmott &
P. Wilson (ed.) The Late Roman transition in the
North (British Archaeological Reports British
Series 299): 47–65. Oxford: Archaeopress.

Crellin, R.J., A. Dolfini, M. Ucklemann &
R. Hermann. 2018. An experimental approach
to prehistoric violence and warfare, in A. Dolfini,
R.J. Crellin, C. Horn & M. Uckleman (ed.)
Prehistoric warfare and violence: quantitative and
qualitative approaches: 279–305. Cham: Springer.
https://doi.org/10.1007/978-3-319-78828-9_13

Degryse, P. (ed.). 2014. Glass making in the
Greco-Roman world: results of the ARCHGLASS
project. Leuven: Leuven University Press.
https://doi.org/10.26530/OAPEN_513796

Earle, T. 2000. Archaeology, property, and
prehistory. Annual Review of Anthropology 29:
39–60.
https://doi.org/10.1146/annurev.anthro.29.1.39

Eckardt, H. & H. Williams. 2003. Objects
without a past?, in H.Williams (ed.) Archaeologies
of remembrance: 141–70. Boston (MA): Springer.
https://doi.org/10.1007/978-1-4419-9222-2_7

Edwards, A.J.H. 1940–1941. A hoard of Bronze
Age halberds from Auchingoul, Inverkeithney,
Banffshire. Proceedings of the Society of Antiquaries
of Scotland 75: 208–209.

Foster, H.E. & C.M. Jackson. 2010. The
composition of late Romano-British colourless
vessel glass: glass production and consumption.
Journal of Archaeological Science 37: 3068–80.
https://doi.org/10.1016/j.jas.2010.07.007

Freestone, I. 2015. The recycling and reuse of
roman glass: analytical approaches. Journal of
Glass Studies 57: 29–40.

Mutable objects, places and chronologies

© The Author(s), 2021. Published by Cambridge University Press on behalf of Antiquity Publications Ltd

225

https://doi.org/10.15184/aqy.2020.240 Published online by Cambridge University Press

https://doi.org/10.1007/s12520-020-01050-0
https://doi.org/10.1007/s12520-020-01050-0
https://doi.org/10.1080/00438243.1998.9980394
https://doi.org/10.1080/00438243.1998.9980394
https://doi.org/10.1080/00438243.1998.9980394
https://doi.org/10.1017/S0003598X00047967
https://doi.org/10.1017/S0003598X00047967
https://doi.org/10.1111/j.1468-0092.2010.00350.x
https://doi.org/10.1111/j.1468-0092.2010.00350.x
https://doi.org/10.1111/j.1468-0092.2010.00350.x
https://doi.org/10.1080/10426910902987119
https://doi.org/10.1080/10426910902987119
https://doi.org/10.1007/978-3-319-78828-9_13
https://doi.org/10.1007/978-3-319-78828-9_13
https://doi.org/10.26530/OAPEN_513796
https://doi.org/10.26530/OAPEN_513796
https://doi.org/10.1146/annurev.anthro.29.1.39
https://doi.org/10.1146/annurev.anthro.29.1.39
https://doi.org/10.1007/978-1-4419-9222-2_7
https://doi.org/10.1007/978-1-4419-9222-2_7
https://doi.org/10.1016/j.jas.2010.07.007
https://doi.org/10.1016/j.jas.2010.07.007
https://doi.org/10.15184/aqy.2020.240


Gillings, M. & J. Pollard. 1999. Non-portable
stone artefacts and contexts of meaning: the tale
of Grey Wether. World Archaeology 31: 179–93.
https://doi.org/10.1080/00438243.1999.
9980440

Gosden, C. & Y. Marshall. 1999. The cultural
biography of objects. World Archaeology 31:
169–78.
https://doi.org/10.1080/00438243.1999.
9980439

Heck, M. & P. Hoffman. 2000. Coloured opaque
glass beads of the Merovingians. Archaeometry 42:
341–57.
https://doi.org/10.1111/j.1475-4754.2000.
tb00886.x

Henderson, J. 1987. Chemical and archaeological
analysis of some British and European prehistoric
glasses. Annales du 10e Congrès de l’Association
Internationale pour l’Histoire du Verre 1985:
13–22.

Hodder, I. 2012. Entangled: an archaeology of the
relationships between humans and things.
Chichester: Wiley Blackwell.
https://doi.org/10.1002/9781118241912

Hoskins, J. 2006. Agency, biography and objects, in
C. Tilley, W. Keane, S. Küchler, M. Rowlands &
P. Spyer (ed.) Handbook of material culture:
74–84. London: Sage.
https://doi.org/10.4135/9781848607972.n6

Hunter, M. 1974. Germanic and Roman antiquity
and the sense of the past in Anglo-Saxon England.
Anglo-Saxon England 3: 29–50.
https://doi.org/10.1017/S0263675100000569

James, L. 2006. Byzantine glass mosaic tesserae:
some material considerations. Byzantine and
Modern Greek Studies 30: 29–47.
https://doi.org/10.1017/S0307013100015032

Jones, A.M. 2012. Prehistoric materialities: becoming
material in prehistoric Britain and Ireland. Oxford:
Oxford University Press.
https://doi.org/10.1093/acprof:osobl/
9780199556427.001.0001

Joy, J. 2009. Reinvigorating object biography:
reproducing the drama of object lives. World
Archaeology 41: 540–56.
https://doi.org/10.1080/00438240903345530

Killick, D. & T. Fenn. 2012. Archaeometallurgy:
the study of preindustrial mining and metallurgy.
Annual Reviews of Anthropology 41: 559–77.
https://doi.org/10.1146/annurev-anthro-
092611-145719

Kinney, D. 2001. Roman architectural spolia.
Proceedings of the American Philosophical Society
145: 138–61.

Kopytoff, I. 1986. The cultural biography of things:
commoditization as process, in A. Appadurai
(ed.) The social life of things: commodities in
cultural perspective: 64–91. Cambridge:
Cambridge University Press.
https://doi.org/10.1017/CBO9780511819582.
004

McCullough, T.J. 2014. Metal to clay: ‘recovering’
middle Minoan metal vessels from Knossos and
Phaistos through their ceramic skeuomorphs.
Unpublished PhD dissertation, University of
Pennsylvania.

McKerrell, H. & R.F. Tylecote. 1972. Working
of copper-arsenic alloys in the Early Bronze Age
and the effect on the determination of
provenance. Proceedings of the Prehistoric Society
38: 209–18.
https://doi.org/10.1017/S0079497X00012111

Morton Braund, S. 2004. Juvenal and Persius.
Cambridge (MA): Harvard University Press.

Mozley, J.H. 1928. Statius, Silvae. Cambridge
(MA): Harvard University Press.

Needham, S.P. 1983. The Early Bronze Age axeheads
of central and southern England. Unpublished PhD
dissertation, Cardiff University.

Nicholson, P.T. 2011, Glassworking, use and
discard, in W. Wendrich (ed.) UCLA
Encyclopedia of Egyptology. Available at:
http://digital2.library.ucla.edu/viewItem.do?
ark=21198/zz00289zd5 (accessed 25 November
2020).

O’Flaherty, R. 2002. A consideration of the Early
Bronze Age halberd in Ireland: function and
context. Unpublished PhD dissertation,
University College Dublin.

– 2007. A weapon of choice: experiments with a
replica Irish Early Bronze Age halberd. Antiquity
81: 423–34.
https://doi.org/10.1017/S0003598X00095284

Ottaway, B.S. 2001. Innovation, production and
specialization in early prehistoric copper metallurgy.
European Journal of Archaeology 4: 87–112.
https://doi.org/10.1179/eja.2001.4.1.87

Pajunen, N. & K. Heiskanen. 2012. Drivers and
barriers in the supply chain: the importance of
understanding the complexity of recycling in the
industrial system, in B.K. Mishra, Proceedings of
the 26th International Mineral Processing Congress,

Victoria A. Sainsbury et al.

© The Author(s), 2021. Published by Cambridge University Press on behalf of Antiquity Publications Ltd

226

https://doi.org/10.15184/aqy.2020.240 Published online by Cambridge University Press

https://doi.org/10.1080/00438243.1999.9980440
https://doi.org/10.1080/00438243.1999.9980440
https://doi.org/10.1080/00438243.1999.9980440
https://doi.org/10.1080/00438243.1999.9980439
https://doi.org/10.1080/00438243.1999.9980439
https://doi.org/10.1080/00438243.1999.9980439
https://doi.org/10.1111/j.1475-4754.2000.tb00886.x
https://doi.org/10.1111/j.1475-4754.2000.tb00886.x
https://doi.org/10.1111/j.1475-4754.2000.tb00886.x
https://doi.org/10.1002/9781118241912
https://doi.org/10.1002/9781118241912
https://doi.org/10.4135/9781848607972.n6
https://doi.org/10.4135/9781848607972.n6
https://doi.org/10.1017/S0263675100000569
https://doi.org/10.1017/S0263675100000569
https://doi.org/10.1017/S0307013100015032
https://doi.org/10.1017/S0307013100015032
https://doi.org/10.1093/acprof:osobl/9780199556427.001.0001
https://doi.org/10.1093/acprof:osobl/9780199556427.001.0001
https://doi.org/10.1093/acprof:osobl/9780199556427.001.0001
https://doi.org/10.1080/00438240903345530
https://doi.org/10.1080/00438240903345530
https://doi.org/10.1146/annurev-anthro-092611-145719
https://doi.org/10.1146/annurev-anthro-092611-145719
https://doi.org/10.1146/annurev-anthro-092611-145719
https://doi.org/10.1017/CBO9780511819582.004
https://doi.org/10.1017/CBO9780511819582.004
https://doi.org/10.1017/CBO9780511819582.004
https://doi.org/10.1017/S0079497X00012111
https://doi.org/10.1017/S0079497X00012111
http://digital2.library.ucla.edu/viewItem.do?ark=21198/zz00289zd5
http://digital2.library.ucla.edu/viewItem.do?ark=21198/zz00289zd5
http://digital2.library.ucla.edu/viewItem.do?ark=21198/zz00289zd5
https://doi.org/10.1017/S0003598X00095284
https://doi.org/10.1017/S0003598X00095284
https://doi.org/10.1179/eja.2001.4.1.87
https://doi.org/10.1179/eja.2001.4.1.87
https://doi.org/10.15184/aqy.2020.240


New Delhi, India, 24–28 September 2012: 4047–
56. New Delhi: International Mineral Processing
Congress.

Paynter, S. & C. Jackson. 2019. Clarity and
brilliance: antimony in colourless natron glass
explored using Roman glass found in Britain.
Archaeological and Anthropological Sciences 11:
1533–51.
https://doi.org/10.1007/s12520-017-0591-5

Perrin, B. (trans). 1914. Plutarch, Lives, volume I:
Theseus and Romulus. Lycurgus and Numa. Solon
and Publicola (Loeb Classical Library 46).
Cambridge (MA): Harvard University Press.

Pollard, A.M.& P. Bray. 2014. The archaeological
bazaar: scientific methods for sale? Or: ‘putting
the ‘arch-’ back into archaeometry, in
R. Chapman & A. Wylie (ed.) Material evidence:
133–47. London: Routledge.

Pollard, A.M., P.J. Bray & C. Gosden. 2014. Is
there something missing in scientific provenance
studies of prehistoric artefacts? Antiquity 88:
625–31.
https://doi.org/10.1017/S0003598X00101255

Pollard, A.M., P. Bray, C. Gosden, A. Wilson&
H. Hamerow. 2015. Characterising
copper-based metals in Britain in the first
millennium AD: a preliminary quantification of
metal flow and recycling. Antiquity 89: 697–71.
https://doi.org/10.15184/aqy.2015.20

Pollard, A.M., P. Bray, A. Cuénod, P. Hommel,
Y.-K. Hsu, R. Liu, L. Perucchetti,
J. Pouncett & M. Saunders. 2018. Beyond
provenance: the interpretation of chemical and
isotopic data in archaeological bronzes. Leuven:
University of Leuven Press.
https://doi.org/10.2307/j.ctv7xbs5r

Price, J. & S. Cottam. 1998. Romano-British glass
vessels: a handbook. York: Council for British
Archaeology.

Renfrew, C. 1975. Trade as action at a distance:
questions of integration and communication, in
J.A. Sabloff & C. Lamberg-Karlovsky (ed.)
Ancient civilization and trade: 3–60.
Albuquerque: University of New Mexico Press.

Sainsbury, V.A. 2018. When things stopped
travelling: recycling and the glass industry in
Britain from the first to fifth century CE, in
D. Rosenow, M. Phelps, A. Meek & I. Freestone
(ed.) Things that travelled: Mediterranean glass
in the first millennium AD: 324–45. London: UCL
Press. https://doi.org/10.2307/j.ctt21c4tb3.19

– 2019. From trash to treasure: the recycling of glass
in Roman and early medieval period Britain.
Unpublished DPhil dissertation, University of
Oxford.

Schiffer, M.B. 1972. Archaeological context and
systemic context. American Antiquity 37: 156–65.
https://doi.org/10.2307/278203

Sear, F.B. 1977. Roman wall and vault mosaics.
Heidelberg: F.H. Kerle.

Shackleton Bailey, D.R. (ed. and trans.) 1990.
Martial, Epigrams, volume III (Loeb Classical
Library 480). Cambridge (MA): Harvard
University Press.

Sheridan, A., Y. Pailler, P. Pétrequin &
M. Errera. 2011. Old friends, new friends, a
long-lost friend and false friends: tales from Projet
JADE, in V. Davis &M. Edmonds (ed.) Stone axe
studies III: 411–26. Oxford: Oxbow.
https://doi.org/10.2307/j.ctvh1dv6v.41

Silvestri, A. 2008. The coloured glass of Iulia Felix.
Journal of Archaeological Science 35: 1489–1501.
https://doi.org/10.1016/j.jas.2007.10.014

Skingley, P. (ed.). 2014. Coins of England and the
United Kingdom. London: Spink & Sons.

Swift, E. 1999. Regionality in the late Roman west
through the study of crossbow brooches,
bracelets, beads and belt sets. Unpublished PhD
dissertation, University of London.

– 2012. Object biography, re-use and recycling in the
late to post-Roman transition period and beyond:
rings made from Romano-British bracelets.
Britannia 43: 167–215.
https://doi.org/10.1017/S0068113X12000281

White, R.H. 1988. Roman and Celtic objects from
Anglo-Saxon graves: a catalogue and an
interpretation of their use (British Archaeological
Reports British Series 191). Oxford: British
Archaeological Reports.

Whitehouse, D.&W. Gudenrath. 2007. Reflecting
antiquity: modern glass inspired by ancient Rome.
Coring (NY): Corning Museum of Glass.

Wolf, S.,C.M. Kessler,W.B. Stern& Y. Gerber.
2005. The composition and manufacture of early
medieval coloured window glass from Sion
(Valais, Switzerland): a Roman glass-making
tradition or innovative craftsmanship?
Archaeometry 47: 361–80.
https://doi.org/10.1111/j.1475-4754.2005.00207.x

Woodward, A., J. Hunter, D. Bukach &
S. Needham. 2015. Ritual in Early Bronze Age
grave goods. Oxford: Oxbow.

Mutable objects, places and chronologies

© The Author(s), 2021. Published by Cambridge University Press on behalf of Antiquity Publications Ltd

227

https://doi.org/10.15184/aqy.2020.240 Published online by Cambridge University Press

https://doi.org/10.1007/s12520-017-0591-5
https://doi.org/10.1007/s12520-017-0591-5
https://doi.org/10.1017/S0003598X00101255
https://doi.org/10.1017/S0003598X00101255
https://doi.org/10.15184/aqy.2015.20
https://doi.org/10.15184/aqy.2015.20
https://doi.org/10.2307/j.ctv7xbs5r
https://doi.org/10.2307/j.ctv7xbs5r
https://doi.org/10.2307/j.ctt21c4tb3.19
https://doi.org/10.2307/j.ctt21c4tb3.19
https://doi.org/10.2307/278203
https://doi.org/10.2307/278203
https://doi.org/10.2307/j.ctvh1dv6v.41
https://doi.org/10.2307/j.ctvh1dv6v.41
https://doi.org/10.1016/j.jas.2007.10.014
https://doi.org/10.1016/j.jas.2007.10.014
https://doi.org/10.1017/S0068113X12000281
https://doi.org/10.1017/S0068113X12000281
https://doi.org/10.1111/j.1475-4754.2005.00207.x
https://doi.org/10.1111/j.1475-4754.2005.00207.x
https://doi.org/10.15184/aqy.2020.240

	Mutable objects, places and chronologies
	Introduction
	The problem of recycling
	Time, form, function and ownership
	Different forms of mutability
	Recycling
	Reuse
	Discussion and conclusions
	Acknowledgements
	References


