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ERGASTERIA (Archaeopress 2025): 1–7

The globalised state of modern, industrialised 
production systems was challenged in multiple ways 
during the pandemic years – as was the production of 
this book, too. Everyone was accustomed to a nearly 
instant and, irrespective of seasonality, availability of 
raw materials and final products, taking for granted the 
unhindered transfer of both goods and professionals/
specialists involved in their development; all of a 
sudden, with the whole world almost put on pause, the 
modern just-in-time-production, relying on a prompt 
transportation system, reached its limits. During the 
same period, the incident with the container ship 
‘Ever Given’, which carried goods from China to the 
Netherlands in order to supply the whole of Europe 
but, instead, blocked the Suez Canal for six full days, 
demonstrated anew the tight-knit economic global 
networks: other container vessels were caught up in a 
traffic jam waiting in the Mediterranean and the Red 
Sea or had to re-chart their route, circumnavigating 
the African continent.1 Thereby the chains of 
production were affected at a global level, production 
rates were reduced and certain products, such as the 
pharmaceutical ones, became scarce commodities. On 
a smaller scale, the state of seclusion (‘under house 
arrest’) incited people to focus on home production. 
In Germany, for example, the habit of making pastries 
grew so excessive that the purchase of flour had to be 
limited to a certain amount per capita and yeast was 
sold out for many weeks. By contrast, in Greece the 
unprecedented purchase rate of bicycles and rackets 
via the internet shows a sudden turn to physical 
exercise, apparently as a means of evading or escaping 
the imposed seclusion. Having not foreseen such 
circumstances, our call for papers, publicised in January 
2020 with the aim to explore the multiple facets of 
production and production sites in antiquity, received 
additional and unexpected food for thought, especially 
due to this exceptional worldwide experience.

The contributions compiled in this collective volume 
provide a kaleidoscopic insight into different aspects 

1  Cf. contemporary with the incident articles in the Washington Post 
<https://www.washingtonpost.com/world/2021/03/31/suez-
shipping-crisis-coronavirus/> (latest accessed 30 January 2023) 
and by the Rotterdam School of Management, Erasmus University 
<https://www.rsm.nl/discovery/2021/opinion-suez-blockage/> 
(latest accessed 30 January 2023).

of creation, artistry, craftsmanship, manufacture 
and processing in antiquity. The comprehensive 
bibliography assembled at the end of the volume bears 
witness to the wide range of topics discussed and the 
various approaches attempted. Effortlessly this book 
brings forward the interlacing and intersection of 
evidence, as well as the confluence of observations, 
which automatically enhance the validity of an 
interpretation. Instead of summarising all contributions 
in a linear fashion, which would recreate the sequence 
of the table of contents, we prefer to outline/delineate 
here our quests and considerations while preparing 
this book, and to allow the keynote benefit from each 
author’s perspective to interlock and intertwine. It 
becomes obvious that every author’s multifaceted 
optics yield a proportionate amount of remarks and 
conclusions; as a whole, these eventually empower our 
further understanding.

Setting out to shed light on ancient production, our 
knowledge is certainly patchy, since the topic is vast 
in its complexity. Production did not take place only 
in specialised workshops or worksites, but also within 
the walls of a household, since self-sufficiency in at 
least some aspects was necessary. On the other hand, 
craftsmanship on a trading scale or for public use would 
be expected to be reflected in the size of the respective 
production places, without necessarily meaning that 
their remains would be more durable or traceable in 
archaeological terms.

Ateliers of renowned creators, such as the one of Phidias 
at Olympia are rare finds and illuminate the process of 
creation at a given time, for a particular and widely 
known end-product. The same cannot be asserted for 
Scopas’ or Exekias’ workplace – much less for the sheds 
of anonymous craftsmen, who nevertheless created 
masterpieces in all sorts of materials. Although they 
all originated from a certain cultural background and 
were nurtured in a certain regional tradition, they were 
also exposed to and receptive of influences, as we shall 
see. Regardless of their fame or recognition,2 craftsmen 

2  Among the recent writings of our erudite teacher, Andrew F. 
Stewart, was his approach to the ancient sculptor’s social standing, 
the recognition/reputation and reimbursement he may have earned, 
and the change to his social rank entailed by the acquisition of land 
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reflect contemporary society, being in dialogue with 
its values, its symbolism and evolution, and eventually 
expressing all the above. The authors of this volume 
converge in discerning a dialectic relation between 
tradition and innovation, with the introduction of new 
techniques, ideas and styles being a catalyst in making 
progress.3 

It is always intriguing to view craftsmen and artists 
in their social and geopolitical setting. For instance, 
the Achaean goldsmiths and the stonecutters who 
specialised in funerary stelae represent not only the 
artistic production in Late Hellenistic Patras and 
Dyme but, furthermore, the cultural background of 
the Achaean League, a famous political and military 
confederation. Moreover, the two specialties are 
likely to have collaborated in a ‘post mortem honour’ 
industry. The vegetal scrolls carved on grave stelae 
and typifying them as a local West Greek production 
recur in golden diadems from funerary context in the 
same area. Reasonably the stone moulds for this motif 
were crafted by the same indigenous stonecutters/
sculptors. Those ateliers in Achaea were succeeded 
in the Roman Republic and Imperial period by local 
industries of glasswork (probably fabricating also 
window panes), mosaics and sarcophagi, as suggested 
by particular motifs, designs and unparalleled forms. 
The whereabouts of their facilities are gradually being 
discovered. On the other hand, cases of large-scale 
production of foodstuff, pharmaceuticals, clothing 
or building material, which did not require a ‘head of 
design’-artist (much less a master developer), are also 
very scarcely known; for this reason, the discovery 
of ancient ‘processing quarters’, e.g. for fish sauce in 
Andalusia4 or flour production in southern France5 shed 
some light on the sophistication of these workplaces in 
terms of ergonomics and economics.

If indeed, as usually postulated, workshops within 
religious premises were provisional modest shacks 
made of perishable material, the possibilities of their 
preservation and, consequently, of a fair reconstitution 
of their original appearance is minimised. Often 
the only traces left behind are stone flakes, abort or 
unfinished products, and very seldom architectural 
remnants of the building itself. The supposedly (often) 
ephemeral nature of workplaces contrasts the sense of 

property (Stewart 2019). Although Andrew’s untimely departure 
bedimmed our hearts, his excellence in understanding and 
reconstructing the Past will continue to illuminate our path in this 
direction.
On the ‘Meisterforschung’ (Meister, αρχιτεχνίτης, μάστορας), 
methodological advantages and limitations, with emphasis on the 
role of every artist/craftsman within the society, expressing societal 
values, etc.: Borbein 2005.
3  Particularly on the values established through creation processes, 
see Hochscheid and Russell 2021.
4  Cf. at Baelo Claudia: Bernal-Casasola et al. 2021.
5  Cf. at Barbegal watermill complex: Leveau 2007.

endurance and permanence given out by the artefacts 
created inside them. 

The fact that such workshops produced ritual vases 
alongside tableware, considered together with 
the frequent multi-functionality of a workshop’s 
components, suggests the lack of ‘labels’ and – instead 
– the flexibility and adaptability of both the artisans 
and their installations. The case of a polyvalent and, 
at the same time, specialised workshop is highlighted 
by Alla V. Bujskikh at Olbia Pontica, where an open-
air production space operated for almost two centuries 
within a sanctuary. Three workshops successively 
replaced each other on the same spot, involving 
different handicraft activities and probably serving 
rituals pertinent to the worship of Aphrodite.

Turning now to an urban setting, spaces of production 
were not always separated in districts defined as 
‘industrial’. Nor were they always marginal. In Paros, 
boundary stones demarcated a cluster of workshops6 
in a sort of a suburban quarter distinct from the 
settlement. In Miletus, in the late sixth century BC, a 
metallurgical and a potters’ workshop were installed 
on the acropolis of Kalabaktepe, whereas, at the 
harbour, the area of the temple of Athena has yielded 
storage spaces along with traces of a goldsmith’s 
workshop.7 Clazomenae saw a bronze-foundry and 
an oil-mill operating at the same time in the city 
centre, near a river.8 The term Kerameikos, used in 
ancient Athens and Selinus eloquently shows the 
designation of an urban district to pottery production. 
With regard to the use of urban space and the legal 
aspects of landownership in ancient Athens, Gerhard 
Zimmer elaborates on an Athenian atelier/worksite 
probably of some master bronze-sculptor. The 
sophisticated work installations and tools unearthed 
below modern Amalias avenue in Athens attest to 
the fact that material culture forged the advance of 
immaterial civilisation and the advance of knowledge. 
Bronze foundries in fifth-century BC Athens were the 
birthplace of subtle notions regarding beauty and 
aesthetics, proportions and harmony, rules and norms 
which perfected the statuary, as well as its impact. The 
mastery of modelling in bronze evolved from coping 
with constraints and obstacles throughout the work 
in the foundries. In this respect, bronze casters should 
be ranked as creators.

Obviously advantageous for a workplace was its 
proximity either to the source of material or to 
overland or maritime routes, which would facilitate its 
distribution. Transportability of raw materials in itself 
formed part of a wide operational network (réseau 

6  Papadimitriou 2018.
7  Verčík 2017. 
8  Cevizoğlu and Ersoy 2016.
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opératoire). About the shipping of purple dye across 
significant distances and possibly through the agency 
of travelling professionals, experts in dyeing, we 
learn from inscriptions of the second/third century 
AD, which also illustrate the distinguished social 
status of purple workers.9 In Hierapolis of Phrygia, an 
individual named Marcus Aurelius, son of Alexandros 
Moschianos, was commemorated on his gravestone 
as ‘a member of the civic council and purple dealer’ 
(πορφυροπώλης).10 The dyeing installation at late 
Classical/Hellenistic Helike, presented by Dora 
Katsonopoulou, profited from its vicinity to the shore 
of the Corinthian Gulf, especially since it represents a 
professional and commerce-oriented industry, rather 
than a family enterprise, and therefore it affected the 
economy of the entire society. 

In terms of spatial arrangement, Giorgos M. Sanidas 
explores how a workshop’s location with reference 
to the overall site-plan brings forward parameters, 
such as the nuisance generated, for example, by a 
bronze foundry, which could be intolerable, depending 
on its operational duration but, mostly, on what it 
neighboured. Obviously the planting of a shoemaker’s 
atelier and shop near a street in the Athenian Agora 
caused no nuisance from a sensorial perspective. 
Interlaced with the location of an atelier, and decisive 
as to whether this could be afforded within urban 
environs (intra urbem), is the noise, the smell, the fumes 
and other annoying or unhealthy side-effects of the 
fabrication process. 

Nevertheless, the possible localities of workshops seem 
to be unlimited and, to a certain extent, determined 
by the purpose and needs they met. The Late Classical 
pottery kiln excavated in the valley of ancient Dyme 
in Achaea was established within a short distance 
from two necropoleis of the Classical/Late Classical 
period. An ensemble of red-figure vases of the fifth 
and fourth century BC, found as grave-offerings in 
these two cemeteries, is considered by the excavator 
Vassilis Argiropoulos to have been produced by a 
local Achaean workshop active in the countryside of 
Dyme, near the borderline with Elis. Moreover, these 
vases bear recognisable influence from South Italian 
ceramic workshops and especially those of Apulia with 
a tradition in red-figure vase-painting. To verify the 
plausible assumption that these funerary vases (from 
the outset meant to furnish graves) were fabricated in 
the aforementioned kiln, archaeometric and laboratory 

9  The overall importance of textile production is reflected in the 
administrative/managerial texts, often also with religious 
connotations, already in the Bronze Age; see Michel and Nosch 2010, 
whose edited volume covers the Bronze Age Near East and eastern 
Mediterranean.
10  Gambash et al. 2022. We are thankful to Gil Gambash for willingly 
allowing us access to his team’s research when libraries were out of 
reach, due to the covid-19 crisis.

analyses of clay are being conducted.11 Established also 
near a cemetery at the end of the Classical/beginning 
of the Hellenistic period was a workshops’ quarter at 
Xobourgo (Tenos in the Cyclades), equipped with a 
pottery kiln, metallurgical pits, probably a stoa and 
other constructions.12 Early on, in the Aegean islands 
a studio of sculptors or stonecutters could be set up 
literally on the site of a marble quarry.

This brings us to the very beginning of creation, namely 
the extraction of material, ranging from volcanic 
stone for the manufacture of mills on Nisyros in the 
Dodecanese (presented by Eirene Poupaki), to alabaster 
in Tunisia for architectural elements (investigated by 
Ameur Younès). Studies on the premises of quarries 
and other infrastructural worksites reveal also traces 
of cult13 via relief representations of Heracles (perhaps 
an allegoric visual connotation of the ‘heroic’ power 
required for the extraction and manoeuvring of 
stone blocks) besides aspects of management and 
administration. The subsumption of quarries under 
governmental control in the Roman period hints at 
their evaluation as a natural source with repercussions 
upon the accomplishment of public works (Georgios 
Doulfis in this volume). As regards the actual process 
of creation and the synthesis of the workforce, quarries 
in the Cyclades – already in the Archaic period – were 
manned with specialised stonecutters and sculptors, 
who carved the marble volumes to an advanced degree, 
prior to their ultimate refinement (Georgia Kokkorou-
Alevras in this book).

That the craftsmen made progress in situ, while 
inventing ways to overcome obstacles in the process 
of making is inferred from the ‘blueprint’, the 
guidelines for quarrying in northern Gaul (Raphaël 
Clotuche, Damien Censier and Sabine Groetembril 
in this volume). Cuttings and marks in those open-
air workshops indicate a methodical planning of the 
activity, credited to the input of skilful and experienced 
quarrymen. The subsequent change of technique with 
the quarrymen working at different levels/floors 
enabled them to choose from the stone vein and to cut 
out blocks of the desired consistency and dimensions.

The backstage of the erection of a colossal sculpture is 
elucidated, when we take into account the excessive 
amount of work accomplished at the quarry. Georgia 
Kokkorou-Alevras walks us through the entire 
procedure, also comparing between techniques 
implemented in different periods. We actually watch 
an artefact evolve through the creator’s eyes. Examples 
of what a sculptor faced in case of faulty material, 

11  In the Geology Department of Patras University. Argiropoulos 
2017: 55-57; Argiropoulos 2021: 231-234.
12  Kourou 2023 and 2024. 
13  As we are writing this, a brand new publication is released on the 
topic: Gatto and Van Haeperen 2023.
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for instance, and how this could have impeded 
the completion of his work, provokes the reader’s 
empathy for the craftsman and thus adds a sentimental 
dimension to our book. Unfinished/ἡμίεργα sculptural 
works preserve marks and guidelines analogous to those 
we observe on architectural blocks. So, this essential 
first treatment by stonecutters within the confines 
of a quarry, which was much more advanced than a 
preliminary roughening, may be extrapolated on the 
shaping of architectural elements, too. Subtle technical 
details, such as the double incision outlining the body-
form, suggest that figures were sketched by incision 
before the carving process commenced. Indicative 
of the diligent preparatory work is the sketching of a 
statue’s outline on the rock-face of the quarry before 
the marble piece/block was even extracted, no different 
from the aforementioned ‘blueprint’, which guided the 
cutting of blocks at the quarry of Famars (Raphaël 
Clotuche, Damien Censier and Sabine Groetembril in 
this volume).

Open-air workshops, that is, the workshops of 
the stonemasons who carried out large-scale 
public projects, such as the building of temples or 
fortifications, have so far been overshadowed by the 
respective monuments’ grandeur. Particularly the 
interaction of artists, architects and workforce in 
general, traceable especially in major sanctuaries, adds 
a new dimension to the exchange and dissemination 
of ideas and technical expertise. Throughout the 
centuries, the mobility of craftspeople – including 
builders and other specialities – propelled the diffusion 
of knowledge, the improvement of techniques, 
the evolution of ‘the making’. By juxtaposing the 
architectural setting and spatial arrangement at Delphi 
to epigraphic testimonies and material comparanda 
also from other Classical sanctuaries, Elena C. Partida 
unfolds the immense potential of worksites operating 
in parallel, their interlocking, cases of merged crews, 
and the meticulous pre-planning in a major temenos. 
Considering that monumentality was a common 
denominator in public, religious, civic or military 
building programs, the need for a detailed drawing up 
of the ergonomics in advance was intense. The logistics 
of a different large-scale building operation, namely 
the erection of defensive walls on Agathonisi in the 
Dodecanese, is analysed in depth by Konstantinos 
Sarantidis, who starts from calculations about the 
necessary manpower, the timeline and budget, also 
taking into account the available building material, the 
volume and extent of construction, the levelling of the 
terrain, etc. Quantitative estimates of this sort allow us 
to trace the organisation of an open-air stonemasons’ 
workshop. Preparation was an entire process, which 
preceded the materialising process. By approaching 
the building procedures at different sites, however, we 

realise that adjustments were made as required and 
solutions were improvised on the spot.

Likewise adaptive were the craftsmen in the Roman 
town Fanum Martis in Gaul (Famars in northern France), 
who – confident in the quality of their raw materials, 
fabrics and techniques – developed a management 
system efficient enough to meet the demands of 
regional, as well as long-distance, trade. Their 
advanced level of production control and specialisation 
(analysed by Raphaël Clotuche, Sonja Willems, Jean-
Hervé Yvinec, Marie Derreumeaux, Jennifer Clerget, 
Nicolas Tisserand, Bérangère Fort and Gaëtan 
Jouanin) is ascribed to a long-standing tradition, 
originally brought to the north by Mediterranean 
potters. Primarily due to its variety in productions, 
Fanum Martis evolved into a centre of processing and 
distribution, with a pivotal role in the economy of 
northern Gaul. Handicraft activities were dispersed 
across the urban tissue, with no particular sector 
allocated to a specific craft. Differently laid out but 
equally active commercially, mutatis mutandis, was the 
potters’ quarter at Ano Petralona in Classical Athens 
(illustrated by Marilena Kontopanagou). It consisted 
of clusters of workshops within a short distance from 
the urban centre of public life. Its location in proximity 
to the city walls14 and the harbour, therefore to 
transportation routes, facilitated the circulation of its 
products across a broad market beyond the city, as far 
as the Greek colonies. 

Is it possible for a workshop to reflect the current society 
even if no physical remains of the actual working place 
have been preserved? Going back to the early historical 
phases (the Protogeometric period), a variety of pithoi 
from the settlement of Stamna in Aetolia, presented 
by Gioulika Christakopoulou and Helene Simoni, 
attest to the existence of multiple techniques and 
specialised knowledge in producing ceramics of the 
particular typology. The pithoi seem to have evolved 
from storage vessels to funerary containers (coffins), 
being adapted to demand. Besides the production 
structure of this early settlement, the pithoi reveal 
facets of the concurrent cultural background: their 
possession by specific individuals indicates resource 
management, while the transition in their use implies 
some significance to be set against religion and society 
in Iron Age western Greece. 

Moving further west, in a colonial ambience, we are 
transferred to a workshop of terracotta figurines 
in Archaic Magna Graecia,15 featuring the typical 

14  Noteworthy at this point is the recent work by Vincenzo Capozzoli 
(2024), who traces the layout of demes in relation to the city walls, 
even the enigmatic ones, traceable via indirect testimonies rather 
than physical finds.
15  On the topic, and artisanal production in general, see the just 
published volume edited by De Cazanove et al. 2023b. 
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combination of the mould technique with manually 
crafted/shaped parts. Eukene Bilbao Zubiri brings 
forward the richness and diversity of practices employed 
by the coroplasts, which allow us to grasp the plurality in 
expression, but also in the synthesis of the population. 
The perseverance or co-existence of traditions, the 
codification of the imagery/iconography with religious 
connotations and, eventually, the different trends, 
stylistic influences and mixed techniques are taken to 
mirror cultural processes in a multicultural society. 
Local traditions and knowledge seem to reflect socio-
cultural belonging and, in this respect, workshops 
clearly demonstrate how they fit into a multifaceted 
‘lived world’ (after the all-encompassing German term 
‘Lebenswelt’). 

In the present volume, the space, the setting that 
enveloped the makers is consistently taken into account; 
all the different settings examined – in different 
geographical areas – manifest how the premises of 
creation may affect creation itself. In each case, the 
natural or built environment was differently exploited 
and adjusted to the particular needs. Artisans always 
made the best of it. Raffaella Da Vela’s extensive study 
of the Etruscan pottery production on both sides of the 
Apennines builds on the theoretical framework of local 
knowledge combined with the setting, and introduces 
the term ‘knowledgescapes’. The mountainous region 
is perceived as a contact zone rather than a barrier, 
while the craft is perceived as a social or societal 
constituent. Due to the multiple encounters fostered 
by this contact zone, the craft was susceptible or rather 
open to technical innovation. Local knowledgescapes 
are thought to define dynamic networks of material 
and immaterial resources, in turn related to the socio-
cultural dynamics. In the ergasteria of the northern 
Apennines, tradition and innovation were part of a 
daily routine comprising production, crafts and social 
values.

The socio-historical setting/context also had an impact 
upon artisans. Underlying factors, usually stemming 
from politics and military coalitions, could instigate 
but also disturb or even disrupt a creative process. In 
his reconstitution of the ambitious building program 
on the island of Thasos in North Aegean, Jacques des 
Courtils demonstrates that the spread of a certain 
fashion – in this particular case, Athenian architectural 
practices – was occasionally conscious, deliberate and 
fostered by interstate relations or alliances. So, the 
dissemination of techniques and traditions did not 
always result from the role of itinerant craftsmen as 
‘carriers’. Unfortunately on Thasos political grudge 
eventually led to the abandonment of a worksite. By 
comparison, the radiance of the reputable Athenian 
achievements in architecture is imprinted upon 
worksites of Asia Minor in a... smoother manner. From 
specific traits on sepulchral monuments of Xanthos 

in Lycia Laurence Cavalier is able to ‘read’ that their 
architects were familiar with Athenian techniques, 
which they consciously implemented alongside their 
own indigenous modes. Their motivation could simply 
be a matter of taste. 

Adaptive reuse is a big chapter in the history of 
construction, approachable from the viewpoint of 
aesthetics, as well as logistics and ergonomics. To some 
extent, recycling depended on circumstances, as it could 
take place hastily under pressure or at leisure. A piece 
could be put to use analogous to its original function, or 
immured, or otherwise repurposed. By studying such 
decisions and ‘gestures’, we gain a glimpse into what 
may have happened in grandiose ancient sanctuaries 
and necropoleis. Apparently they did not turn into open-
air museums, treated as untouchable and unchangeable 
revered places. On the contrary, they remained vivid by 
adapting to (or serving) current conditions.

Investigating the chaîne opératoire and its 
applicability to objects in secondary use, Constanze 
Graml concentrates on the re-use of Greek funerary 
monuments and illustrates that their deconstruction 
and re-employment in different settings, where they 
could be visible or not, was quite common. While 
dealing with pragmatics, namely the actual, physical 
handling of the marble furnishing of Greek funerary 
monuments, Graml raises matters of ethics and 
sentimentalism, touching upon grief, remembrance 
and religious beliefs. In addition to her conclusion that 
adaptability and a practical mentality predominated 
against wasting ready-made and re-usable material, 
she manages to absolve/exonerate the reworking and 
repurposing of a sepulchral monument. In the light 
of this, any assumption-based attempt to characterise 
such a practice as religious misconduct should be 
treated with scepticism and caution, given the absence 
of contemporaneous testimonies. Instead, Christian 
values unconsciously extrapolated by scholars are likely 
to have shaped the perception of re-use as supposedly 
sacrilegious.

Should we reckon with teams of masons specialised 
in selecting, trimming and adapting spolia? To what 
extent was this planned rather than a rescue operation? 
As regards the spoliation and management of spolia, 
was the edict by Majorianus realistic and enforceable? 
Along the lines of aesthetics, were the re-employed 
spolia concealed or on display creating some particular 
pattern16 and therefore visual impact? The above 
questions represent a modern mind’s concern (if not 
obsession) with the hidden meaning behind re-use, 
whereas the stonemasons actually involved in it would 

16  As in the Castle of Patras, where the immured spolia were on 
display and almost recreating courses of the source-building, 
interspersed with column-drums.
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probably be preoccupied with practical issues of moving, 
cutting and re-shaping older blocks. An entire building 
project could be designed around the available spolia. 
Based on her observations of different sites in Late 
Roman Asia Minor, Anna M. Sitz shows that decisions 
concerning the exploitation of spoliated material were 
made ad hoc, without necessarily conforming to legal 
pronouncements. Instead, local conditions affected 
the motivations and methods of spoliation. Whereas 
aesthetic factors could be a priority in large-scale 
projects, it appears that, in smaller-scale projects, the 
builders gravitated towards utility. Although one might 
assume that such ‘informal’ reworking operations did 
not require much competence and specialisation, on 
the contrary, the traces of workmanship on the spolia 
reveal the craftsmen’s know-how and skill.

A different approach of the chaîne opératoire is 
attempted by Susanne Bosche, who juxtaposes work 
to work processes, namely the concept of chaîne 
opératoire. Having her theoretical approach projected 
against the example of the Elgin Lyre, Bosche discusses 
various discrepancies between the purely theoretical 
concept on the one hand, and the sensory, knowledge-
based approach (applied in material studies) on the 
other. Her paper’s backbone is the oscillation between 
three levels, namely, a highly theoretical one, which 
includes formal descriptive concepts, a theoretical 
but content-charged level with concepts related to 
a ‘general reality’ and a third level of a ‘historical 
reality.’

Tightly associated both with production ex novo and 
cases of re-usage is the aspect of aesthetics, which 
surfaces often in the pages of this book. The aesthetic 
impact of ancient sculpture would be different, if parts 
of the stone surface had been coloured, to accentuate 
details of a figure’s garment, for instance. It would be 
entirely different, however, if the total surface of a 
marble statue was painted, and dramatically different, 
if the face, too, was colourful. Raised already by early 
archaeologists,17 and apparently encouraged by the 
extant Egyptian statuary of painted limestone, the 
matter has been vividly debated ever since.18 Most 

17  On Hellenistic funerary monuments, in particular, see Abramitis 
and Abbe 2019.
18  As concerns cultic environs of the Roman period in particular, 
Vicky Jewell (Jewell 2024) draws attention to polychromy in temples 
of Mithras, by examining the way colours were perceived by ancient 
writers and how this may have contributed to a haptic-visual 
experience of Mithraic ritual spaces. By ‘seeing colour in Classical 
art’, Jennifer Stager (Stager 2022) contributes to the discussion. 
Other currently conducted projects cover areas/cultures beyond 
the Greco-Roman Mediterranean world: the Tracking Colour 
Project, housed at the Ny Carlsberg Glyptotek Copenhagen (<http://
trackingcolour.com/>, last accessed 20 March 2024) and the project 
‘PolyChroMon Colours Revealed – Polychromie römerzeitlicher 
Monumente der Donauprovinzen’, under the auspices of the Austrian 
Academy of Sciences (<https://www.oeaw.ac.at/oeai/forschung/
altertumswissenschaften/antike-religion/polychromon>, last 
accessed 20 March 2024).

recently, samples taken from a marble centaur head 
belonging to the Parthenon sculptural programme19 
(today in the National Museum of Denmark) were 
analysed, to explain the traces of a brown coating. 
In particular, the aim was to determine whether 
this brown film could have been developed by some 
biological organism such as lichens, bacteria, algae 
or fungi, or whether it was the remains of some paint 
layer. The samples were subjected to a number of 
different analyses20 but no sort of biological trace was 
detected, except perhaps a bird’s egg that had broken 
on the marble in antiquity. Even less probable is that 
the marble surface had been painted. 

The existence of a local workshop of sculpture at 
Epidaurus in the Roman period is inferred from the 
large number of re-used and reshaped sculptural 
pieces of that era.21 Interestingly in this corpus there 
is no reference to colour traces, even though there 
is evidence for the gilding of parts of statuettes, 
including votive reliefs. What appeared to be the 
traces of a reddish-brown or sometimes purple 
pigment eventually turned out – by chemical analyses 
– to be the binding agent (a sort of glue) between 
the marble surface and the attached thin golden 
sheets. The polished surface of the marble was meant 
to simulate the texture of the ivory body-parts of 
chryselephantine statues. This was the aesthetic 
effect they wished to achieve. 

The application of paint layers on ancient sculpture is 
revisited here by Amalie Skovmøller, who conducts 
an experiment on the potential reconstitution of 
polychromy on a Roman portrait. Moreover, seeking 
the whereabouts of a painter’s actual workshop, 
Skovmøller proposes that an encaustic painter 
was based in a sculptor’s workshop unearthed at 
Aphrodisias. So, the two specialists worked in the same 
premises, if not also in co-ordination.

Under publication is the special issue ‘Polychromy in Ancient 
Sculpture and Architecture’ of the Heritage journal, edited by Joanne 
Dyer (<https://www.mdpi.com/journal/heritage/special_issues/
polychromy_sculpture_architecture>, last accessed 20 March 2024), 
in which, among other important case studies, the above-mentioned 
projects contribute.
19  On the detection of traces of Egyptian blue on pedimental statues 
of goddesses from the Parthenon, held at the British Museum, see 
https://www.archaeology.org/issues/544-2403/digs/12133-dd-
greece-parthenon-paint-job?fbclid=IwAR3HZdGKYKnBIQn2huJXYh
lcuDrIbbDCaCtkJjsl3npTidkKXsLfqjy4STM>, accessed 13 March 2024.
20  Including protein analysis and Laser Ablation Inductively Coupled 
Plasma Mass Spectrometry. In 1851 the German chemist Justus von 
Liebig determined that the brown film contained oxalates, i.e. salts of 
the oxalic acid. This was confirmed by later analyses, though where it 
originated from could not be resolved. Members of the research team: 
Kaare Lund Rasmussen (Physics, Chemistry and Pharmacy, University 
of Southern Denmark), Frank Kjeldsen and Vladimir Gorshkov 
(Department of Biochemistry and Molecular Biology at University of 
Southern Denmark), Bodil Bundgaard Rasmussen (former Head of the 
Antiquities Collection at the National Museum of Denmark), Delbey 
Thomas (Cranfield University), Ilaria Bonaduce (Università di Pisa), 
<https://lnkd.in/dWf7hwTe>, accessed 30 January 2023.
21  Katakis 2002. 
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The manifold approach of ancient workplaces finally 
offers insight into possible future research. The 
alabaster quarries illustrate the rich geology of Tunisia 
(Ameur Younès in this volume) and we can only 
envisage the optical effect of such a colour spectrum 
on the respective buildings. It would be interesting to 
explore whether these varieties have been recognised 
beyond Tunisia, and whether their exploitation had 
perhaps started in earlier times. If inaugurated in 
the Roman Imperial period, should these quarries be 
ascribed to an initiative of the Roman authorities, or 
some local elite class?22

Evidence of an ancient military workshop of the 
Sassanid era, AD 224 to 651, was found in a mountainous 
region of northern Iran,23 in September 2023. Measuring 
80m by 100m, the cave’s entrance is said to be one of the 
largest natural ones in the world. Its identification as 
perhaps an arms-making installation is induced from 
the metal melting furnace and the variety of weapons, 
ranging from arrowheads, daggers and harpoons to 
half-made swords. Obviously, scope for new discoveries 
is infinite.

As we had hoped while setting out the aims of this 
endeavour, a broad range of topics – both thematically 

22  The publication on Marmor Numidicum (Beck, D.M. 2024. Simitthus 
6: Marmor Numidicum. Gewinnung, Verarbeitung und Distribution eines 
antiken Buntmarmors. Wiesbaden: Reichert Verlag) may shed light 
on our queries, but was not yet available to us while writing our 
introductory section.
23  Announced online by the Archaeology Information Network.

and geographically – is addressed on occasion of new 
finds from Greece, North Africa, the Black Sea, Italy 
and Central Europe. For the realisation of this book 
we heartily thank all contributors, our dear colleagues 
and teachers, who willingly responded to our proposal, 
entrusted us with the outcome of their research, 
collaborated with us throughout the reviewing and 
editing process, and endured every challenge posed by 
the pandemic and its aftermath. For the book-cover’s 
artistic design, we are grateful to Petros Georgopoulos 
and Ilias Partidas. We are indebted to the University 
of Regensburg for kindly, willingly and generously 
funding the Open Access publication of this volume.  
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Davison and Mike Schurer of the Archaeopress, for yet 
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Elena C. Partida and Constanze Graml
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Introduction

The British Museum in London exhibits the most 
fully preserved (although partially reconstructed 
and restored in its current form and state) chelys of 
Classical antiquity (Figure 1). The relatively good 
state of preservation of the musical instrument is 
quickly revealed to the viewer through the exhibition 
modalities. Fixed on a board, the viewers encounter 
the two arms and the cross yoke of the ancient stringed 
instrument, attached to a plaster cast of a tortoise shell.1 
The only surviving fragment of the original tortoise 
shell is showcased in a separate installation nearby. 
As revealed by the graphic documentation on the 
official museum webpage, seven strings are attached 

1  Dumoulin 1992a: 101; Steinmann 2021: 374. It is not known when 
this reconstruction was carried out. Bélis 1985: 213; Dumoulin 1992a: 
101; Roberts 1981: 303; Steinmann 2021: 373.

to the back of the yoke at regular intervals. Slightly 
narrowing radially, they are led downwards into the 
area behind the carapace.2 The exhibition presentation 
does not give us any information on the attachment 
of the wooden arms and the strings to the carapace, 
since the back of the instrument faces the visitors.3 
A small plaque reads briefly: ‘LYRE of sycamore wood 
(restored). From Athens. The fragment of tortoise-shell 
on the right was found with the lyre and formed part 
of it. The shell now attached to the lyre is a plaster-cast 
from a similar tortoise. Perhaps fifth century B.C. Elgin 
Collection.’4

Due to its good state of preservation, this ancient 
stringed instrument, known as the Elgin Lyre, attracted 

2  <https://www.britishmuseum.org/collection/object/G 1816-0610-
501> (last accessed: 17.06.2023). See also Figure 1.
3  Steinmann 2021: 373.
4  Cited after Figure 1.

Chapter 23

Learning by ...? And learning what? 
Possibilities and limitations of chaîne(s) opératoire(s)-approaches 

using the example of the Elgin Lyre

Susanne Bosche

Abstract

Approaching ancient technology and craftsmanship is closely linked to the so-called chaîne opératoire. This theoretical 
concept was formulated and adapted to describe the sequence and connectivity between production steps and the respective 
participants, including both human and non-human (f)actors. In the course of evolving research, the range of relevant (f)actors 
and concepts has expanded considerably at both the macro and micro levels. In addition, there are concerns about a certain 
lack of consideration of individual human perception, sensation and cognition when studying craft activities using chaîne 
opératoire approaches. Although these voices should be considered highly valuable in terms of general research interest, some 
epistemological problems arise in their implementation. The paper discusses the theoretical concept with a particular focus on 
this area of tension using the remains of the so-called Elgin Lyre, one of the best-preserved stringed instruments of Classical 
antiquity.

Περίληψη

Η προσέγγιση της αρχαίας τεχνολογίας και χειροτεχνίας συνδέεται στενά με τη λεγόμενη λειτουργική αλυσίδα (chaîne opératoire). 
Αυτή η θεωρητική σύλληψη διαμορφώθηκε και προσαρμόστηκε ώστε να περιγράφει την ακολουθία και την σύνδεση/συνοχή 
ανάμεσα στα βήματα παραγωγής και σ’ εκείνους που μετείχαν στη διαδικασία, συμπεριλαμβανομένων ανθρωπίνων και μη 
παραγόντων. Κατά την εξελικτική πορεία της έρευνας, το φάσμα σχετικών παραγόντων και αντιλήψεων επεκτάθηκε σημαντικά 
σε μικρο- και μακρο-επίπεδο. Επιπρόσθετα, υπάρχουν προβληματισμοί για το ότι δεν συνυπολογίζεται η εξατομικευμένη 
ανθρώπινη αντίληψη, αίσθηση και γνωστική λειτουργία, όταν μελετώνται χειροτεχνικές δραστηριότητες επιστρατεύοντας 
προσεγγίσεις της παραγωγικής αλυσίδας. Παρ’ ότι αυτές οι φωνές θα αξιολογούνταν θετικά σε επίπεδο γενικού ερευνητικού 
ενδιαφέροντος, ωστόσο κατά την εφαρμογή τους προκύπτουν κάποια επιστημολογικά προβλήματα. Η παρούσα εργασία συζητά 
την θεωρητική σύλληψη με επίκεντρο αυτήν την περιοχή έντασης, χρησιμοποιώντας τα κατάλοιπα της λεγόμενης Λύρας του 
Έλγιν, ενός από τα πιο καλοδιατηρημένα έγχορδα μουσικά όργανα της Κλασικής αρχαιότητας.

Keywords: theory of science; craftmanship; embodiment; ancient musical instruments; ancient instrument-making
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the interest of instrument makers and restaurateurs of 
antique instruments relatively early on. At the end of 
the nineteenth century (after 1870), Auguste Tolbecque 
built ‘instruments, which were modelled on ancient 
Greek and Roman instruments with a fair degree of 
freedom’ on behalf of Victor-Charles Mahillon.5 A 
second, much better documented reconstruction was 
carried out in around 1980 by a team led by Helen 
Roberts, who in her unfortunately unpublished 
dissertation deals with antique stringed instruments.6 
A third reconstruction was made between 2009 and 
2010 by Paul J. Reichlin on behalf of Conrad Steinmann.7 
In addition to – and in interaction with – this practical 
work, the remains of the Elgin Lyre play a central 
role in the theoretical reconstruction of ancient 
instrument-making. Both Roberts and (to a somewhat 
lesser extent) Steinmann integrate such considerations 
into their approach and presentation.8 These are 
joined by works that dispense with an independently 
modelled replica, but, instead, in some cases take into 
account the construction technique of the (or an) 
antique chelys in a very detailed way.9 The vibrational 

5  Steinmann 2021: 380: ‘Instrumente, die antiken griechischen und 
römischen Instrumenten in ziemlicher Freiheit nachgeschöpft 
waren’. Three series of these replicas are said to be in Brussels, in the 
Collection du Musée de la Musique in Paris and in the St. Petersburg 
Instrument Museum in the Sheremetev Palace.
6  Important aspects of the procedure are presented in Roberts 1981.
7  Steinmann 2021: 455.
8  Roberts 1981; Steinmann 2021.
9  Bélis 1985; Dumoulin 1992a; Dumoulin 1992b.

properties of an (ideal-typical) replica with a (likewise 
ideal-typical) playing style have been analysed by a 
team led by Efthymios Bakarezos.10 Similar analyses are 
being undertaken by a team led by Nikolaos Koumartzis 
elaborating on the digital reconstruction of another 
ideal-typical chelys based on 3D scanning and advanced 
computer-aided design.11

Despite their enormous (but also risky) potential for 
the archaeology of music and sound12 we do not aim 
to deal with these replicas, their tonal characteristics 
and their relations to the ‘original’ Elgin Lyre in this 
paper. Instead, we will take a step back and focus on the 
starting point that makes the sounding of instruments 
feasible in the first place: their production and their 
scientific recording. Dealing with technological aspects 
has been an integral part of archaeological research 
since at least the second half of the twentieth century. 
In continental Europe, important impulses have come 
from the French-speaking world. In this context, the 
term chaîne opératoire emerged from around the 1950s 
as a term for a research concept for investigating the 
raw materials, tools, people and their work-steps that 
were needed or used to produce an artefact (we will 
return to this difference). The French archaeologist 
André Leroi-Gourhan, who is often credited with the 
term,13 defined in 1969:

‘La notion de Chaîne Opératoire sera reprise aux 
chapitres VII et VIII mais il est nécessaire de 
l’évoque içi pour comprendre le lien entre technique 
et langage. La technique est à la fois geste et outil, 
organisés en chaîne par une véritable syntaxe qui 
donne aux séries Opératoires à la fois leur fixité et 
leur souplesse.’14

In the following decades, the concept was further 
developed. Today, it serves as a research concept for 
creating a (hypothesis about a) chain of work-steps, 
means of production, production contexts etc., which 
were necessary and/or used for the production of an 
artefact.15

10  Bakarezos et al. 2012.
11  Koumartzis et al. 2015.
12  Cf. Grüner 2019: 183.
13  For example, Bar-Yosef and Van Peer 2009: 104; Sellet 1993: 106-
107; Soressi and Geneste 2011: 335. But see also Djindjian 2013: 93-94 
with critical comments on this attribution.
14  Leroi-Gourhan 1964: 164.
15  See, for example, Soressi and Geneste 2011: 337: ‘The chaîne 
opératoire approach allows archaeologists to reconstruct the time/
order arrangement of the different steps used to produce an artifact 
(Geneste 1991b: 10). Each artifact can be situated within the process 
through an analysis of the technical stigmata (i.e., nature and location 
of large flake scars, abrasion traces, or the point of impact) of the 
previous operations that are preserved on the object (Pelegrin et al. 
1988). The chaîne opératoire approach also allows an understanding of 
the geographical organisation of the technical process, as the location 
of each stage of the process can be identified by the presence or the 
absence of its by-products at a particular site (Geneste 1985, 1991a, 
b). Consequently, the differential management of raw materials and/

Figure 1: Today’s exhibition of the Elgin Lyre,  
inv. 1816,0610.501, kept in the British Museum, London  

(© The Trustees of the British Museum).
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In the English-speaking world, theoretical concepts 
with a similar orientation are developed, sometimes 
apparently in parallel.16 For example, the theoretical 
archaeologist Michael B. Schiffer, who also made 
important contributions to the particular theory of 
science of archaeology (Spezielle Wissenschaftstheorie 
der Archäologie) in general, deals with the sequence 
of all the activities an artefact was involved in during 
its time of production and use based on the general 
principles of his so-called ‘Behavioral Archaeology’.17

The basic intention of research approaches with 
such or roughly comparable concepts is relatively 
easy to grasp (at least at first glance). Their aim is to 
reconstruct all the factors that played a role in the 
production of an artefact such as the Elgin Lyre, as 
comprehensively as possible and, at a second step, to 
arrange them in a sequential series of ‘work-steps’. 
Those structures are meant to enable us to approach 
the organisational structure of the production 
activities and the entities involved. The main concern 
of my paper is a benevolent but also critical objection: 
As desirable as the knowledge of this chain may seem, 
the maximum we can achieve is a (hypothesis about 
a) chaîne opératoire of an ‘artefact like’ (the Elgin 
Lyre). The (‘historical’) chaîne opératoire of a certain 
artefact like our Elgin Lyre, however, is only partially 
accessible to us, regardless of how well-preserved 
the artefact and/or how extensive the sources may 
be. In the following sections, we will illuminate this 
objection from various perspectives. I am particularly 
interested in the (admittedly partial) discussion of an 
essay by Constance von Rüden published in 2017 with 
a similar objection to a point that is essential to my 
research approach:

‘Of course, we cannot and should not avoid trying 
to reconstruct the chaîne opératoire with the 
help of objectifying research of our archaeological 
evidence, but we should keep in mind that this will 
always remain a highly reductive and distorted 
construction if we neglect the sensual involvement 
of the craftsperson. I would therefore encourage an 
attempt to identify and emphasize those moments 
of the work flow which obviously needed to be 
guided by a sensual intelligence, or something 

or blanks can be observed, which allows us to define the economic 
management of raw-material and/or blanks within a territory (Inizan 
1976; Perlès 1980, 1989).’ Very comprehensive and far-reaching 
developments are emerging from the research on prehistoric times, 
and especially on stone processing. As these processes and methods 
are beyond the scope of this article, we will not discuss them here. For 
them, see indicatively, Audouze and Karlin 2017; Bar-Yosef and Van 
Peer 2009 with further bibliography and very detailed considerations 
of the possibilities, limitations and weaknesses of the methods; Boëda 
et al. 1990; Sellet 1993; Soressi and Geneste 2011.
16  For an indication of the similarities and differences, see also Sellet 
1993: 107.
17  Schiffer 1975; Schiffer 1995: 55-66, see also 25-34. Cf. also LaMotta 
2012: 74-80; Schiffer 1976: 49-55.

we might call an extended mind, and to tightly 
integrate them with our narrative of crafts.’18

Considering my following remarks, I would like to 
emphasise right now that I absolutely agree with 
this intent and do not wish to dispute or reject any 
of the points made in this passage. However, I have 
some concerns regarding the possibilities of its 
implementation, which I will address in the last section 
of this paper. While developing the basis for and of 
my point we will oscillate between three different 
levels: a highly abstract theoretical level including 
formal descriptive concepts; a still theoretical, but 
also content-filled level with concepts related to 
‘general reality’; and the level of a certain ‘historical 
reality’ (such as the one of the Elgin Lyre). We will use 
aspects of each of those levels to develop our thoughts 
on the other ones. With this we will formulate a first, 
basic auxiliary model for argumentation concerning 
chaîne(s) opératoire(s).

Components

Let us follow the wish of some recent voices of 
theoretical archaeologists and start with what we are 
directly confronted with: the ‘material’, the ‘artefact’ 
or its ‘remains’.19 Due to a lack of opportunity to 
personally inspect the preserved remains before 
completing this paper, the following explanations 
must, however, be limited to the information collected 
from bibliography.20 The Elgin Lyre can be grasped 
today by some remains of the wooden construction and 
the tortoise shell once used for the resonating body. 
The two arms and the cross yoke are its best-preserved 
parts. The arms are cylindrical at the bottom; the part 
protruding above the yoke is flat. The fully preserved 
left arm is slightly rounded and forms an almost 
quadrangular shape towards the yoke, which is followed 
by a ‘leafy protrusion’ (‘blattförmige Ausstülpung’). The 
transverse yoke was originally placed on the conically 
tapering end of the arm.21 The crossbar is almost 
completely preserved as well, but ‘broken into three 
parts: the two ends protruding beyond the arms and 
the middle part, to which the strings were attached’.22

18  von Rüden 2017: 77.
19  For this wish, see for example Lucas 2012: explicitly 257. For its 
application in the archaeological approach to past sensory 
phenomena and experiences, see for example, Grüner 2019: 176, 179-
180.
20  Yet, even though I do not have direct sensory access to the Elgin 
Lyre or its replicas while writing these lines and therefore cannot 
report on my own sensory experiences, translate them into verbal or 
graphic representations), I can at least fall back on representations 
of sensory experiences of other direct recipients and sustain my 
argumentation with this information, provided that corresponding 
information is available and helpful for our argumentation. For this 
‘projection’ of direct access, see Bosche 2023: 401-474.
21  Bélis 1985: 213; Steinmann 2021: 374. See also Dumoulin 1992a: 101.
22  Steinmann 2021: 374: ‘ist in drei Teile zerbrochen, in zwei über die 
Arme hinausragende Enden und in den mittleren, rund 20 Zentimeter 
langen Teil, woran die Saiten befestigt waren’. 
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According to the reports, the arms were originally 
decorated with ornaments. Steinmann speaks of a 
‘finely chiselled raised ornament like a leafy vein’ 
(‘fein ziselierte[n] erhöhte[n] Verzierung [...], einer 
Blattrippe gleich’) on the slightly angular part of the 
left arm. The conically tapering end of the arm is said 
to have ‘the finest semi-circular and only millimetre-
sized decorations’ (‘feinste[n] halbrunde[n] und nur 
Millimeter kleine[n] Verzierungen’).23 Annie Bélis 
also reports small decorative circles on the front of 
the corner pin, which run along the outer line and 
may have been painted.24 In addition, Steinmann 
mentions minimal traces of paint on the completely 
worn wooden parts; there may even be traces of 
gold in the semicircular decorations on the left side 
arm.25 Unfortunately, Steinmann provides no further 
information on those paint residues, meaning that 
neither the colour tone nor the materials used for their 
production can be determined. Thus, the relationship 
between Steinmann’s colour reconstruction (Figure 2) 
and the colour traces of the original cannot be reliably 
established.26

The tortoise shell (probably) used as the resonance 
body of the stringed instrument is much more difficult 

23  Steinmann 2021: 374. Bélis (1985: 215) describes a fine rib (‘nervure 
très fine’), which is supposed to have a decorative rather than said 
to have no reinforcing function but was probably intended as a 
decorative element. 
24  Bélis 1985: 215.
25  Steinmann 2021: 374.
26  In the reconstruction, the arms were painted with copper acetate 
(Grünspan), the arm supports above the yoke and the yoke itself with 
a glaze of red iron oxide red. Steinmann 2021: 409. The choice of these 
techniques, materials and colours is not explained.

to grasp. Since only small fragments have survived,27 
merely a small part of the original carapace is actually 
tangible. Although we have no explicit information 
about the condition of the instrument remains when 
they were found, Samuel Birch, an official of the 
British Museum, in a letter to Karl von Jan as early as 
1862 referred to ‘pieces of tortoiseshell’ (‘Stücken von 
Schildkröten-Schale’), thus suggesting the already 
fragmentary condition at the time.28 ‘The fragment 
bears individual perforations’.29 Those provide clues to 
the construction and the original function of the natural 
find, as we will see in the following section. However, 
the available documentation and presentation of the 
features do not allow us to determine the exact position 
and span of the holes without our personal inspection. 
As far as we know from the reports, some are located in 
the outer plates of the carapace.30

Past and present – definitions of states

Despite its fragmentary state of preservation, we are 
now in a position to associate the Elgin Lyre with the 
theoretical concept of chaîne opératoire. In doing so, 
we will initially limit our considerations to the central 
core of the research concept and gradually integrate 
further aspects into the discussion. Fundamentally, the 
chaîne opératoire describes a neatly arranged sequence 

27  Steinmann 2021: 373. According to Roberts (1981: 303), the state of 
preservation of the tortoise shell is said to be so poor that it was never 
used for a reconstruction until 1981.
28  von Jan 1882: 17.
29  Dumoulin 1992a: 101: [Im Fragment] ‘sind einzelne Durchbohrungen 
erkennbar’.
30  Bélis 1985: 213.

Figure 2: Reconstruction of the Elgin Lyre by the team led by Conrad Steinmann  
(after Steinmann 2021: 410 fig. 14).
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(geordnete Reihe) of steps beginning with a certain 
starting point and leading to the specific state of an 
artefact31 (Figure 3).32 At its core, the definition of these 
two states is flexible. Yet, in most cases it is aligned 
with specific stages in the production and/or use of 
an artefact.33 For dealing with this point, it is sensible 
to recall some basic parameters of the archaeological 
sciences. Let us follow the predominant path of 
archaeological research and start with ‘historical 
artefacts’. In our case, I would use this term to indicate 
artefacts of which the production we can no longer 
trace through our own sensory experiences.34 From 
this perspective, we might wish to avoid starting our 
thoughts at the ‘first’ stage of our chain, but prefer to 
‘re-induce’ it from a later state of the artefact – the state 
that we can actually grasp by our own experiences. 
In doing so, we can sequentially determine earlier 
stages, as well as stages of the process and its course 
(differing between ‘stage’ as ‘ordered step’ and ‘state’ 
as ‘content of a stage’). The team at the Greifenberger 
Institut für Musikinstrumentenkunde has introduced 
the term ‘reverse engineering’, projecting on this 

31  See for example, Balfet 1991: 12; Desrosiers 1991; Lemonnier 1976: 
106; Soressi and Geneste 2011: 337; as well as the following definitions 
and quotations. For the subdivision into discrete steps, see also 
Sellet 1993: 107: ‘It permits a reconstruction of distinct technological 
strategies through an understanding of the relation between raw 
material procurement, tool manufacture, tool use, maintenance and 
discard.’
32 The chain-links (Figure 4) are visualised by using the characteristics 
of a theoretical ‘auxiliary concept’ labelled Assoziator, cf. Bosche 
(forthcoming). Without possessing an ontological status, its definition 
elements (such as its outer demarcation) have three different ‘states’ 
depending on the observer’s perspective: non-permeable (with the 
Assoziator being a black box), permeable (with the Assoziator being a 
White Box) and non-perceptible (with the Assoziator being a web of 
other Assoziators). Each Assoziator consists of (a potentially infinite 
number of) further Assoziators (appearing as entities or relations 
depending on the observer’s perspective) graduated (gestaffelt) on 
distinct levels marking the sequence of reference by the observer. 
Because of this observer-dependency the levels are not fixed, but 
observer-dependent as well. For some basic concepts see Bosche 2023; 
Bosche (forthcoming); Bosche (in preparation).
33  Frédéric Sellet (1993: 106), for example, defines: ‘Consequently, the 
chaîne opératoire aims to describe and understand all cultural 
transformations that a specific raw material had to go through. It is 
a chronological segmentation of the actions and mental processes 
required in the manufacture of an artifact and in its maintenance into 
the technical system of a prehistoric group. The initial stage of the 
chain is raw material procurement, and the final stage is the discard 
of the artifact.’ We will deal with the definition of these two states in 
the following sections.
34  The basis of this perspective is a (by no means compelling) 
differentiation between ‘present’ and ‘historical past’ on the basis of 
our (strictly speaking, my) lifetime. For initial considerations on the 
justification of this position, see Bosche 2023.

procedure a term used in engineering, computing, 
biology and other fields.35 Thus, the team has created 
a terminological basis for an approach that, in my 
opinion, can be combined well with various scientific-
theoretical positions and ‘world views’36 – provided that 
possible connotations are reflected and integrated into 
the considerations.

Following this approach, the first step in working out 
one or more chaîne(s) opératoire(s) is the detailed 
examination and determination of the state at hand. 
This step includes firstly a detailed examination of 
the archaeological remains, which is essential for 
any artefact-based work. Secondly it comprises the 
assignment of this state to a relative stage of the chaîne 
opératoire: Do we start our considerations when an 
artefact leaves the workshop? Or do we deal with 
its state some time after leaving the workshop and 
(possibly) bearing traces of further ‘life phases’?37

Although this first two-part step is a fundamental and 
integral part of archaeological research, yet its details 
(unfortunately) are often partially or even entirely 
neglected in research papers. In writings on the concept 
of chaîne opératoire, this one particularly affects the 
relation of the state of the artefact under consideration 
to the sequential order of the chaîne. Despite the 
increasingly strong relativity of time boundaries such 
as the one between ‘past’, ‘present’ and ‘future’ in 
theoretical debates, archaeological research remains 
oriented towards the ‘past’.38 Thus, we should try and 
choose a state of the past as the ‘starting state’ of our 
considerations. The concept chaîne opératoire implies 
a strong focus on the production process or craft. 
Following this point and in line with the majority of its 
applications, our starting point by definition will be the 
state of the artefact when it leaves the workshop – a 
choice that may entail some argumentative difficulties 
despite being quite common.

Following this approach, we first need to capture our 
desired ‘starting state’ (or at least parts of it). Looking at 

35  Personal communication with Helmut Balk and Frank Schröder. 
For an overview, see <https://www.greifenberger-institut.de/dt/
reverse-engineering/instrumentenbau.php> (last accessed: 17 June 
2023).
36  For terminology, see Bosche 2023.
37  For a critical discussion of the use of the term ‘object biography’ 
and related concepts, see Bosche (in preparation).
38  For initial considerations on this topic, see Bosche 2023.

Figure 3: Visualisation of a chaîne opératoire as a simple ‘chain’ with chain-links (cf. Figure 4)  
representing single work-steps and/or components (illustration by the author). 
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the Elgin Lyre as it is exhibited in the British Museum, 
the assumption that we do not see the state of the Elgin 
Lyre when it left the workshop seems very likely. Its 
remains are fragmentary, show signs of breakage and 
entire parts of the stringed instrument have been lost. 
Thus, we are inclined to assume that looking at the Elgin 
Lyre today, we are not presented with its condition 
when it left the workshop, but that it has undergone 
further changes between this ‘stage’ and the one we 
observe.39

Despite several remarks, this problem surprisingly 
has only been dealt with very sporadically in previous 
works on the Elgin Lyre. Bélis, Dorothee Dumoulin and 
Steinmann report partial deformations of the surviving 
parts of the stringed instrument. In the area of the right 
break, the arm is said to be ‘slightly deformed’ (‘leicht 
deformiert’), whereas the left joint is said to be intact.40 
According to Bélis, due to this change in the shape of 
the corner pin, the right arm should be off its original 
axis; the corner pin on the left side of the crosspiece, 
on the other hand, is well preserved.41 However, the left 
wooden arm and the crosspiece show massive cracks.42 
The extent of these deformations reaches beyond 
individual parts. According to Steinmann, the current 
fixation ‘gives the impression that the bowl and arms 
had been arranged on the same level in their original 
state. However, an examination of the wooden structures 
of the arms indicates that they once must have been 
inclined forwards.’43 In the absence of a more detailed 
explanation, these observations and conclusions can 
only be assessed with further studies and comparisons, 
especially with an autopsy of the present-day exhibition 
of the Elgin Lyre. Bélis makes similar observations and 
considerations, which unfortunately are not explained 
in detail, either. According to her, it is ‘very likely 
that the arms had been originally arch-shaped ’ (‘sehr 
wahrscheinlich sein, dass die Arme im ursprünglichen 
Zustand gewölbt waren’), as shown in paintings of 
instruments in profile on many ancient vases.44 Despite 
this additional information, it is unfortunately still not 
possible either to determine whether the assumption 
of a curvature is based exclusively on comparison with 
ancient instrument depictions, or whether observations 
of (working) traces in the preserved wooden elements 
were used as argumentative support.

39  The (potential) degradation and change of artefact remains played 
an important role in theoretical archaeology in the second half of the 
twentieth century, with the already mentioned Schiffer playing an 
important role. Schiffer 1983. Cf. also Schiffer 1976 and Schiffer 1985, 
contra Binford 1981.
40  Bélis 1985: 213; Dumoulin 1992a: 101; Steinmann 2021: 373.
41  Bélis 1985: 213.
42  Bélis 1985: 213; Dumoulin 1992a: 101; Steinmann 2021: 373.
43  Steinmann 2021: 373: ‘den Anschein, als wären Schale und Arme 
auch im ursprünglichen Zustand auf derselben Ebene angeordnet 
gewesen. Allerdings zeigt sich beim Untersuchen der Holzstrukturen 
der Arme, dass diese nach vorne geneigt gewesen sein müssen.’
44  Bélis 1985: 219.

The lack of information both on the reference point 
necessary to evaluate possible deformations (i.e. 
the ultimately reconstructed original course of the 
components) and on the methodological background 
of the mentioned arguments makes it difficult to 
integrate these points in our discussion in an elaborate 
way. Neither can we determine the timing of the 
(assumed) deformations. For example, we cannot rule 
out post-depositional processes,45 or deformations 
during the period of use in antiquity, i.e. between the 
time (better, the sequence point) when the processing 
of the wooden parts had been completed and the 
time they were buried. Roberts, for example, reports 
further deformations of her present-day used replicas 
after completion.46 Considering the physical forces 
at work and the changing environmental conditions, 
this hardly seems surprising. Having not seen the 
object, I can neither rule out nor assume that forensic 
examination of the preserved parts can provide (at 
least partial) information on such questions. We 
suffice to say that we cannot project the object’s 
current state to another time of its life, without critical 
consideration – neither to the time immediately after 
completion, nor during use, deposition, or any other 
time. Since many of the points that we will deal with 
in more detail below relate to detailed aspects or at 
least include them implicitly, we must always keep 
this point in mind.

Unfortunately, it is very difficult and sometimes nearly 
impossible to order the single traces observed on the 
Elgin Lyre either chronologically or sequentially based 
on the information contained in the records. We do 
not know when and in what context the possible 
deformations occurred or could have occurred – a 
limitation that ultimately affects almost all recognisable 
traces on the Elgin Lyre. One of the few exceptions is 
the tortoise shell now connected to the wooden arms, 
visually hinted as a (probably) modern intervention by 
the exhibition modalities in the British Museum. Today, 
the surviving side arms of the Elgin Lyre are associated 
with a plaster cast of a complete tortoise shell.47 That 
this component most likely did not belong to the 
ancient stringed instrument immediately after this 
left the workshop can be inferred with little knowledge 
of ancient instrument-making and without much 
study. Visitors of the exhibition can easily grasp this 
intervention from the mode of display of the Elgin Lyre. 
The fragment of the original carapace found together 
with the wooden arms is exhibited next to the plaster 
cast, as if it were an independent artefact, but with 
some connection to the Elgin Lyre expressed by being 

45  On this topic see, for example, Schiffer 1983. Cf. also Schiffer 1976 
and Schiffer 1985, contra Binford 1981.
46  Roberts 1981: 305, 309-311.
47  It is not known exactly when this intervention took place. Bélis 
1985: 213; Dumoulin 1992a: 101; Roberts 1981: 303; Steinmann 2021: 
373.
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placed nearby. This presentation allows the viewer to 
draw conclusions about the partially reconstructive 
intervention.48 Even if it cannot be conclusively 
refuted by formal argumentation, the assumption that 
this plaster cast was connected to the wooden arms 
during the ancient production process seems highly 
implausible.

Even if some isolated indications allow a comparatively 
simple (probable) exclusion of a component and/or a 
trace on the ancient remains, in most cases it is very 
difficult, if possible at all, to date components or even 
individual traces on artefacts independently. Basically, 
we are dealing with a group of components and traces, 
which we assume to be a conglomerate of elements 
and aspects from different time or sequence periods49 
without being able to sort it by explicit absolute or 
relative chronological or sequential data. On the same 
artefact, we encounter traces of processes, work-steps, 
tools, etc. probably related to our desired ‘ancient’ 
chaîne opératoire, as well as some most likely belonging 
to ‘later’ events. Our task during our second step is 
to distinguish between those two groups of traces 
and to identify those that we can use for our further 
argumentation: we are not just looking for traces, we 
are looking for traces of events from a certain ‘historical 
period’ – the time in which our (hypothetical) chaîne 
opératoire took place.50

The extension of the artefact

Without any independent dating for the production 
of individual components or even the emergence of 
certain traces of processing, decorative elements, 
deformations, etc., chronological value-based sorting 
methods are not possible. Thus, we might attempt 
to approach our desired sequence of stages through 
indirect references and/or extended argumentation 
approaches. This leads us back to our theoretical 
research on chaînes opératoires. We will now be dealing 
with the determination of production steps and the 
means of production, localities, tools and resources 
used in their course. If we adhere to our approach, 
we again have to use the preserved physical/material 
remains and the traces observable on them as the 
starting point for our considerations.

If – as in the case of the Elgin Lyre – we have no 
explicit information about the production context(s), 
the people involved, the tools and other means of 

48  Dumoulin 1992a: 101.
49  For terminology, see Bosche 2023: 401-474.
50  Formally, we are also facing the argumentative problem, that we 
have no knowledge whatsoever about earlier states of the Elgin Lyre 
and that even the determination of an observed aspect as a trace 
of an earlier event is, strictly speaking, already an interpretation. 
Since we have accepted some preconditions that touch on this 
argumentative field, we will refrain from a more detailed discussion 
of this theoretical argumentative problem at this point.

production used, etc., we have to trace the interactions 
between our artefact or component and ‘factors’ such 
as tools, people, other artefacts etc. of its ‘environment’ 
from the traces observed in as much detail as possible.51 
For this we have to start from the assumption that our 
artefact/component contains ‘stored’ information 
about its ‘environment’ and that this environment can 
be accessed by back-tracing the accessible information 
contained in the artefact – obviously in reverse 
direction. Elsewhere, I have labelled this concept 
based on considerations by John Robb, Chris Fowler 
and Graham Harman as ‘extension’ (‘Ausdehnung’). 
The decisive factor for its conception is that by storing 
‘remnants’ (our traces) of past interactions (in the 
sense of transmission connections in the broadest 
sense) in/at the artefact we are looking at, a dynamic 
‘past’ process is ‘transformed’ into a state (current at 
the time of observation) and can be construed as such. 
If we succeed in interpreting this (in parts or, ideally, in 
whole), an approximation to the elements ‘connected’ 
with the artefact during the period condensed in the 
‘storage state’ will be possible.52

In order to reduce the subjective bias as much as possible, 
I would use a starting point as broad as possible and 
reduce assumptions to a minimum.53 For this, we will 
not assume without more detailed, critical discussion 
that all work-steps (the production of all components, 
the application of the decoration, etc.) were carried out 
by the same person and in the same workshop. But, at 
the same time, we will refrain from assuming a priori 
that the various materials employed in the production 
of the Elgin Lyre are associated with the activities of 
different people or workshops.54 Speaking in terms of 
the chain metaphor, we are dealing with the question of 

51  See, for example, Pelegrin et al. 1988: 57-58: ‘Des objets, qu’il définit 
uniquement comme moyen d’action sur la matière. For l’archéologue, 
‘il ne s’agit pas de se limiter aux outils, souvent absents comme les 
percuteurs par exemple, mais d’utiliser aussi tous les déchets qui 
marquent les étapes de fabrication et tous les produits des actes 
techniques, dans le sens ou` ces derniers portent les traces des 
processus de fabrication [...].’ As well as Lemonnier 1976: 118 with a 
reference to the necessity of a ‘multi-dimensional analysis’. See also 
Lemonnier 1976: 137-138.
52  Sorting the individual transmission connections would be 
desirable, but is not absolutely necessary. For the terminology and 
the argumentative basis of this position, see Bosche 2023.
53  The fact that a completely assumption-free starting point is 
impossible can be seen at various points in our argumentation.
54  This opinion seems to be held by Steinmann, for example. 
According to him, activities of several occupational groups should 
be combined in the Hermes myth. Outside of the myth, the wooden 
arms and the yoke are said to have been made by the instrument- 
maker in his workshop, whereas a tanner was needed to work the 
animal skin for the top of the resonating body. So ‘wissen wir 
(Anmerkung der Verfasserin: laut Conrad Steinmann), dass auch die 
Hersteller von Saiten aus Schafsdarm einer eigenen Berufsgattung 
angehörten’. Steinmann rules out the production of instruments 
by the performing musician himself. According to him, ‘we never 
read that a performing musician made his instruments himself, as 
it were by hobbyists’ (‘lesen wir nie, dass ein ausübender Musiker 
seine Instrumente, gleichsam hobbymäßig, selbst hergestellt hätte’). 
Steinmann 2021: 262. None of the points mentioned are further 
elaborated or explained.
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determining the individual links (Figure 4) that make 
up the chain.

In many theoretical works on the chaîne opératoire, the 
chain links describe stages in the work and/or utilisation 
process or successive production steps, which in turn 
might be composed of several stages/steps as well.55 
The high importance of the sequence aspect in the 
theoretical conception of chaîne opératoire is reflected 
by the frequently encountered English translation of 
the French term ‘chaîne opératoire’ as ‘Operational 
Sequence’, whereas the more literal English translation 
‘Work Chain’ is much less common.56 Only along the 
lines of terminology does this translation focus on the 
creation of a sequence of individual work-steps and the 
elements, materials, people etc. involved in them. In my 
opinion, this does not accurately reflect the range of 
meanings of the theoretical term chaîne opératoire. A 
similar objection is raised by François Djindian.57 From 
the ‘sequence perspective’, we treat the components of 
the artefact themselves – in particular, the two arms, 
the transverse yoke and the carapace of the Elgin  
Lyre – as individual artefacts with an individual chaîne 
opératoire, which is subsumed under a chain link of 
the chaîne opératoire of the artefact as a whole.58 If we 
want to approach this ‘overall’ chaîne opératoire, this 
perspective allows us to start our considerations with 
an examination of the individual components and only 
deal with their connection to the overall artefact in the 
next step.

55  Cf. for example the already quoted definitions: Balfet 1991: 12, 14, 
17; Leroi-Gourhan 1964: 164; Sellet 1993: 106; Soressi and Geneste 
2011: 337. A similar idea can be found in the ‘Behavioral Chain 
Analysis’ by Schiffer: Schiffer 1995: 25-34, 55-66. Cf. LaMotta 2012: 74-
80; Schiffer 1976: 49-55.
56  Bar-Yosef and Van Peer 2009: 105. See also the passage quoted 
below by Monteix 2016: 153.
57  Djindjian 2013: 97: ‘En fait, le mot approprié est ‘séquence’ dans la 
connotation ‘suite ordonnée d’opérations’, alors que le mot chaîne 
fait référence à une suite ordonnée de postes de travail.’ 
58  Figure 3 visualises this notion by presenting all chain-links and 
the entire chain as ‘Assoziator’. The highest grade presented is given 
the shape of a chain-link for metaphorical and visualisation purposes 
only.

Despite the realisation of three replicas, the detailed 
construction methods (probably) used in antiquity for 
the construction of the Elgin Lyre have received only 
little attention. Zoological investigations of the tortoise 
shell are not mentioned; Roberts seems to assume, 
based on a formulation, that it is the shell of a Testudo 
marginata. As this is said not to be available in British 
pet shops, a tortoise shell from southern Russia was 
chosen for her reconstruction.59 Steinmann’s team also 
used the bowl of a Greek mountain tortoise (Testudo 
marginata) with a size of 23cm for the replica, as this 
should correspond to the proportions on the pictorial 
evidence.60 A zoological determination of the original is 
missing in the presentation of the team’s work.

The processing of the Elgin Lyre tortoise shell is not 
explicitly discussed in the publications; in the absence 
of a detailed description and/or graphic documentation 
of the holes, we lack any basis for independently 
substantiated hypotheses that go beyond the collection 
of general tools (e.g. drills). Such basic processing 
methods are addressed by Roberts in the course of the 
presentation of her reconstruction. With regard to the 
tortoise shell, for example, the Zoology Department of 
Reading University is said to have removed the animal 
from the shell and then boiled it for several hours.61 
In the absence of explicit evidence, we do not know 
whether these techniques might be projected onto 
production technology in antiquity. Here too, however, 
we must refer to the unfortunately unpublished 
dissertation by Roberts, in which a more detailed 

59  According to her, the fragments preserved from the original have 
not yet been used for a reconstruction. Roberts 1981: 303-304. The 
basis for the comparatively short essay by Roberts is her unfortunately 
unpublished dissertation titled ‘Ancient Greek Stringed Instruments 
700-220 B.C.’, the digital copy of which unfortunately did not reach 
me before the completion of this paper. It cannot be ruled out that it 
contains corresponding studies.
60  Steinmann 2021: 406. According to Steinmann, the shielded claw 
‘mentioned in the Hermes myth can be identified ‘als 
Breitrandschildkröte, Testudo marginata, deren Länge zwischen 22 
und 30 Zentimeter beträgt’; however, this statement is not explicitly 
substantiated. Steinmann 2021: 262.
61  Roberts 1981: 303-304.

Figure 4: 
Visualisation 

of a chain-link 
as Assoziator 

(without relation 
between lower-

graded Assoziators) 
(illustration by  

the author).
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argumentative justification of her approach may be 
found.

Statements about the identification of the preserved 
wooden parts are even more problematic, as the 
bibliography contains various indications without 
explicitly addressing material analyses. The ‘Report 
from the Select Committee on the Earl of Elgin’s 
Collection of Sculptures, Marbles &c.’ from 1816 
contains the unsubstantiated statement that the lyre 
was made of cedar wood (‘in Cedar wood’).62 The same 
information can be found, again without justification, 
in the commentary by Dumoulin.63 Bélis, on the 
other hand, speaks of sycamore maple (‘sycomore’)64 
– without further explanation. Roberts uses maple 
(‘sycamore’) for her reconstruction because, according 
to her, the arms of the Elgin Lyre are made of this 
material.65 According to Steinmann, ‘no expertise’ 
confirms the assumption that the wood is cedar.66 His 
reconstruction team used maple to make the side arms 
and kermes oak for the transverse yoke, although the 
1816 report specifies ‘Cedar Wood’. Steinmann himself 
points out this area of conflict.67 Without more detailed 
material analyses, which I hope to be able to carry out 
in the future, the wood species of the Elgin Lyre remains 
unknown at present.

Information on any tools used, the production 
techniques and other elements that could have been 
utilised in the course of making the Elgin Lyre is virtually 
non-existent in the current bibliography. There are no 
detailed descriptions of traces of processing, tool marks 
or similar indications. Again, we encounter only a few 
rather superficial statements, which are not further 
substantiated or explored. According to Steinmann, the 
arms were cut out of a plank and not bent by using heat, 
which, according to his interpretation, was also due to 
the needs of the musical instrument: ‘The once strong, 
short arms cut out of a board – i.e. not bent with heat 
– allow a high string tension, which must have made 
the lýra a bright-sounding, sometimes virtuosically 
handled treble instrument.’68 In the absence of further 
statements about the background to these observations 
and the conclusions derived from them, they should 
only be discussed in more detail after an autopsy of 
our own. If they are correct, they provide an indication 
that musical needs might have played a role in the 
production of the Elgin Lyre.

62  Report 1816: xliii.
63  Dumoulin 1992a: 101.
64  Bélis 1985: 213.
65  Roberts 1981: 304.
66  Steinmann 2021: 373.
67  Steinmann 2021: 405-406.
68  Steinmann 2021: 374: ‘Die einstmals starken, aus einem Brett 
ausgesägten – also nicht mit Hitze gebogenen – kurzen Arme erlauben 
eine hohe Saitenspannung, was die lýra zu einem hell klingenden, 
bisweilen virtuos gehandhabten Diskantinstrument gemacht haben 
musste.’ See also Steinmann 2021: 407.

In some attempts to infer the production context (e.g. 
the people involved, the tools used, localities, etc.) from 
traces on the surviving components of the Elgin Lyre, a 
certain conflict emerges. It is very well expressed in an 
essay by Nicolas Monteix on the chaîne opératoire of 
bakeries in Pompeii. Different from our case, his essay 
does not focus on an artefact but on a local site with 
specific characteristics and a spectrum of finds that 
can be integrated into the argumentation.69 Monteix’s 
work is not centered on deriving the extension of a 
physically/materially documentable artefact from 
traces stored in it, but with the reconstruction of a 
(stereotypical) production process from documentable 
remains of workshops. Its implementation is based 
on positive traces in the archaeological findings with 
references to sources on craftsmanship from other 
times and places (often without clearly specifying 
them).70

Although Monteix reconstructs a (possible) chaîne 
opératoire, he encounters a fundamental methodolo-
gical problem in the course of his explanations:

‘Nevertheless, I must emphasize that this 
reconstruction is a theoretical synthesis: of the 
thirty-nine bakeries included in this study, not 
one presented all the features discussed above; not 
one produced bread using all of the possible steps 
mentioned.’71

From a methodological point of view, this statement 
reveals a logical-argumentative error in drawing 
conclusions from a lack of testimonies to the non-
implementation of work-steps.72 Monteix himself 

69  Monteix 2016: 153: ‘One way of approaching the material remains 
of Roman workshops is to investigate how they were designed 
specifically to accommodate the activity that took place within them. 
Such an approach may be based on the analysis, from a technological 
point of view, of a specific kind of workshop whose elements are 
all considered in their spatial context. In terms of theoretical 
background, such an approach relies on the notion of the chaîne 
opératoire (operational sequence), which was first defined by A. 
Leroi-Gourhan, was gradually refined by his successors, and was then 
applied to archaeology. The idea is that a close study of the different 
elements that characterise the operational sequence of a workshop, 
including materials, tools, gesture, knowledge, energy, and actors, 
combined with an analysis of their interaction, leads to further 
understanding of social and economic issues, particularly if one tries 
to take a more systemic point of view aimed at understanding the 
système technique or the complexe techno-économique.’ 
70  Monteix 2016.
71  Monteix 2016: 169. The individual findings are not presented in 
detail.
72  The fact that Monteix is well aware of this argumentative problem 
is shown, for example, in the exemplary explanations directly after 
the quoted passage, see Monteix 2016: 169: ‘For instance, bakery IX 
3, 19-20 contained the main three structures used during grinding–a 
water system for soaking, four mills, and the L-shaped small wall 
for sieving–and most of those necessary to knead and form loaves–
including a kneading machine, a boiler to warm water, embedded 
terracotta vessels for the first rising, and a table with two masonry 
feet. However, there are no clear traces of shelves, neither in the 
room where the kneading machine and vessels were situated, nor in 
the space where the table on which loaves were formed stood. In this 



335

Learning by ...? And learning what? 

explicitly formulates this point only shortly after the 
quotation and addresses it as a limitation for approaches 
to the production activities in workshops:73

‘Finally, a last technical point has to be made, 
despite its triviality: even at Pompeii, only 
production phases that can be traced through 
material remains can be reconstructed. Many, 
sometimes even crucial, operations cannot be 
studied owing to lack of physical evidence. [...] Some 
missing operations could perhaps be restored from 
textual or iconographic evidence, but such evidence 
should be treated cautiously in order to avoid over-
interpretation. [...] In this manner, however precise 
our reconstruction of the operational sequence may 
be, it will necessarily always remain incomplete, 
although this does not invalidate it as a heuristic 
tool for further analysis.’74

In this passage, Monteix takes a position that is very 
similar to ours: the starting point of the considerations 
and reconstructions should be the physical/material 
remains (and the traces recognisable on them) – in 
his case the remains of the workshops, in our case 
the remains of the Elgin Lyre. With due caution, it is 
possible to use additional sources, but this exposes us 
to a risk of over-interpretation. In my understanding of 
Monteix’s explanations, this objection is by no means 
the point behind the limitations that Monteix expresses 
in the passage quoted above. The argumentative 
limitations addressed there do not refer to the addition 
of the physical/material remains by or on the basis of 
further sources/remains, but to the subsumption of 
a comparatively high number of operations under a 
single chaîne opératoire:

‘These two examples clearly exemplify how the 
apparent uniformity of bakery structures is in 
fact misleading. There are no two identical bakeries: 
the whole spatial structure depended both on the 
features used but also, and more importantly, on 
the evolution of the workshop, and whether or not 
its owner was able and or willing completely to 
restructure the existing layout of the building.’75

particular bakery, the lack of shelves could be due to preservation 
factors: although shelves identified by holes in walls are the most 
common type of feature used for rising loaves in bakeries, they might 
not be the only one.’ See also the next quotation for a recourse to 
precisely this argumentative point.
73  Cf. also the limitations of his approach mentioned by Schiffer 1995: 
62: ‘The above discussion, it must be emphazised, presents a 
framework for describing the interrelations between behavioral and 
spatial-material aspects of activity performances with reference to 
the life history of cultural elements. This orientation demands that 
the description of activities performed at an archaeological site be 
expressed in terms of highly specific hypotheses on an empirical, 
behavioral level. The deduce the test implications of so broad an 
activity category as ‘food preparation’ is a trying if not impossible 
task; evidence for such a demonstration is always ambiguous.’ 
74  Monteix 2016: 170.
75  Monteix 2016: 173 (emphasis by the author).

As is explicitly expressed in this passage, Monteix 
assumes that behind every single, ‘individual’ bakery 
there is an independent, specific chaîne opératoire, 
which differs (to a certain degree) from the chaîne 
opératoire of every other bakery. This view goes back 
to the earliest days of chaîne opératoire research.76 
Despite this, Monteix elaborates a chaîne opératoire 
for a higher number of bakeries and attributes a certain 
value to it as a ‘heuristic tool for further analyses’.77

From our current perspective, this ‘heuristic value’ can 
be understood if we consider the chaîne opératoire 
as what Monteix calls it: as a ‘theoretical synthesis in 
the sense of a kind of average’ regression of all chaîne 
opératoires that can be observed or reconstructed on 
the basis of the findings and sources known to him and 
which, on this basis, can form the frame of reference 
for further considerations. Using it, you must always 
bear in mind that you are working with an ideal-
typical ‘average model’ and that individual stages may 
be omitted or added in the specific investigation case. 
Such an approach abstracts the chaînes opératoires 
of several bakeries into a kind of chaîne opératoire of 
a type of a bakery, which can be given a case-specific 
expression – an approach that can be traced back to the 
beginnings of chaîne opératoire research.78

Fragmentary chaînes opératoires

It is not only the extension(s) of the Elgin Lyre that 
is not accessible to us as a perceptible element; some 
(hypothetical) components also elude our direct 
sensory perception. All previous publications agree 
on the assumption that the wooden arms, the crossbar 
and the fragmentary carapace do not form a complete 
artefact even after their addition to complete and 
undamaged components, but represent a fragmentary 
state of preservation of such an artefact. Even if I do 
not want to dispute this assumption (based on the 
plausibility of common sense), I would like to point out 
that it is not formally and argumentatively compelling, 
since we have no information about the earlier states 
of the Elgin Lyre and alternative explanations for its 
current state, such as non-completion for reasons 
unknown to us, can be thought of. We will not deal with 
this argumentative problem in this paper, but assume 
(in accordance with previous publications and common 
sense) that the Elgin Lyre we can perceive today is a 
fragment of an artefact.

So far, we have dealt exclusively with possible chaîne(s) 
opératoire(s) limited to the preserved components 

76  See, for example, Lemonnier 1976; Pelegrin et al. 1988: 61.
77  See the passage quoted above: Monteix 2016: 170.
78  Leroi-Gourhan 1964: 132-133: ‘C’est en effet la règle pour tous les 
produits de l’industrie humaine aux temps historiques: il existe un 
stéréotype du couteau, de la hache, du char, de l’avoine qui n’est pas 
seulement le produit d’une intelligence cohérente mais le produit de 
cette intelligence intégrée dans la matière et la fonction.’
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of the Elgin Lyre. This allows us (ideally) to work out 
a complete chaîne opératoire of the fragmentary 
artefact, but only a fragmentary chaîne opératoire of 
the overall artefact. The latter contains chain-links for 
the positive elements and/or their extension that we 
can directly grasp. If our goal is to reconstruct a chaîne 
opératoire of the Elgin Lyre as a complete, potentially 
functional stringed instrument, we must significantly 
expand the range of chain links taken into account and 
accept hypothetical components as its parts as well. Our 
decision to subdivide the chaîne opératoire on the basis 
of the components of the artefact is not affected by this 
extension.79 We just have to accept that not every chain 
link necessarily contains at least one component of the 
Elgin lyre that is preserved today (Figure 5).

Debates about the reconstruction and/or rebuilding 
of now lost components of the Elgin Lyre make up 
the bulk of publications to date. The starting point 
for these considerations is additional sources of 
information in the form of written, pictorial and/
or artefact sources. If we consider the Elgin Lyre as a 
fragment of an ancient functional stringed instrument 
with certain characteristics, we can (potentially) 
draw on all sources from (or about) antiquity that 
can provide information about such instruments. For 
ancient stringed instruments, we have a comparatively 
rich compendium of pictorial sources at our disposal; 
ancient written sources, some with music-theoretical 
considerations, provide indications of possible tuning(s) 
or perceptual impressions of the sound behaviour of the 
instruments.80 Of particular importance for this topic is 
a myth referred to in several writings, which describes 
the invention and construction of the (first) chelys by 
Hermes.81 If we continue to focus on a functional (i.e. 
potentially playable) stringed instrument, we must 

79  For an indication of the ‘artificial’ (in my terms: observer-
dependent) character of decompositions, see already Lemonnier 
1976: 113-114; as well as Desrosiers 1991: 23-24.
80  For an overview, see for example Anderson 1995; Bélis 1985 (with 
specific discussions of the Elgin Lyre); Hagel 2015; Lynch and 
Rocconi 2020; Maas and Snyder 1989 (focusing especially on 
stringed instruments); Steinmann 2021; von Jan 1882 (on stringed 
instruments).
81  The written sources referring to this myth are mostly traced back 
to the Homeric Hymn to Hermes. On the Homeric Hymn and its 
dating, see (with partial or complete editions, translations and 
commentaries) Dumoulin 1992b; Schenck zu Schweinsberg 2017; 
Thomas 2020; Vergados 2013.

(at least) restore all components that are absolutely 
necessary for the performance of this function (i.e. 
through which sound production is possible).82

Based on the information in the ancient sources and 
current knowledge, the overall structure of the stringed 
instrument suggests that the tortoise shell at the lower 
end of the two arms of the Elgin Lyre most probably was 
a resonance box. We know from physical acoustics and 
modern instrument-making that a resonance box must 
be sealed with a vibratory material, for the optimum 
performance of its function.83 A similar effect might 
be assumed for the tortoise shell of the Elgin Lyre. The 
plausibility of this assumption is reinforced by various 
illustrations of ancient chelys all with a closed tortoise 
shell, and by the descriptions of the various versions 
of the Hermes myth, according to which the tortoise 
shell was covered with a cow-hide after the inner 
construction had been attached.84 As far as the Elgin 
Lyre itself is concerned, the addition of this animal skin 
is a hypothesis based exclusively on additional sources 
of the species in question. Traces of an animal skin are 
not preserved;85 however, some of the perforations 
could be interpreted as fastening holes and thus an 

82  In purely formal argumentative terms, other components could 
also be added which, for example, change or improve individual 
aspects of this functionality or which have a purely decorative 
function. We will not deal with these points in more detail in this 
article, as they are ultimately based on a generalization of the line of 
reasoning discussed below.
83  The materials of the resonance box and the air-space inside it 
absorb the vibrations of the strings and interact with them. See 
for example Bakarezos et al. 2012; Egry 2023: 77; Hutchins 1998: 70-
71. For an example of the importance of the sound box, see a short 
passage on the sound box of modern violins by Hutchins (1998: 70): 
‘Käme nun zur Saite nichts weiter hinzu, dann wären die Dinge recht 
einfach und alle Einzelfrequenzen würden gleichmäßig verstärkt. 
Der hölzerne Geigenkorpus besitzt aber selbst zahlreiche natürliche 
Eigenfrequenzen, mit denen er schwingen kann. Fällt eine der 
Korpusresonanzen mit einer Harmonischen der Saite zusammen, 
so wird sehr viel Energie auf den Korpus übertragen und der 
entsprechende Ton erheblich verstärkt.’ For the amplifying effect of 
the sound box of the modern concert harp, see also Egry 2023: 77.
84  (Pseudo-)Homeric Hymn to Hermes 5.49; Dumoulin 1992a: 92. The 
mention of reed stalks for the stave is only mentioned in the Homeric 
Hymn. According to Dumoulin, however, it was not needed to support 
the sound ceiling, and it can therefore be assumed that it only 
occurred very rarely. Dumoulin 1992b: 228-229.
85  A few remains of an animal skin are suspected on a shell of 
unknown origins (today in London, British Museum, inv. 38171), 
which is also only partially preserved. Dumoulin 1992a: 101 b, with 
further bibliography; Dumoulin 1992b: 229. A complete acoustic 
ceiling is also not detectable here.

Figure 5: Visualisation of a chaîne opératoire as a simple ‘chain’ with chain-links related  
to preserved (grey) and lost (black) components (illustration by the author).
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indication of their original attachment. Similar holes in 
a matching arrangement are attested on other shield 
craters from tombs and sanctuaries, where they are 
usually interpreted in the same way.86

From a methodological point of view, we use the 
same argumentation structure for the addition of 
components that are no longer directly tangible as we 
used for the reconstruction of the extent of a preserved 
artefact (be it a component or an artefact composed of 
several components). This parallel allows us to discuss 
the argumentative procedure for the elaborations of 
this and the last section together. Formally, it is based on 
the connection of additional information to an observed 
‘data situation’, which is often supplemented by one 
or a group of initial assumptions and/or suppositions. 
In the case of our cow-hide, these initial assumptions 
are (among others) that the Elgin Lyre was originally 
a functional stringed instrument to which a resonance 
box was added to improve the sound quality; and that 
the fragmentary preserved tortoise shell performed 
this function. As we have no explicit indications of the 
original design of this (hypothetical) acoustic ceiling, 
in the next step we set out to search possibilities for 
the realisation of such a ceiling. We link the results 
we come up with to the Elgin Lyre and thus postulate 
that the chosen concept for the state of the Elgin Lyre 
at the time of its ‘completion’ in one or more ancient 
workshops is certain or at least possible – depending on 
the theoretical positioning. If we are not looking for lost 
components, but for tools used, means of production 
and/or the way of thinking and acting of the people 
involved in the production, we proceed according 
to the analogous scheme, with the only difference 
that we do not link hypothetical components to the 
preserved components of the Elgin Lyre, but elements 
of the expansion to the Elgin Lyre as a whole and/or 
to its preserved or hypothetical components (Figure 6 
[components], Figures 8, 9 [components and whole]). 
All additions, reconstructions and replicas are based on 
this approach, provided they are designed as replicas of 
the Elgin Lyre. If it is – as in the work and analyses of 
the teams led by Roberts, Bakarezos and Koumartzis87 
– a replica of a type, this type represents the reference 
point for the connection.88

If we focus on reconstructing a functional stringed 
instrument, we could end our discussion of the 
soundbox at this point and decide (ultimately at 
random) on one of the possibilities that we come across 
in our research. In most cases, however, the decision 
for a conceivable solution is based on additional 

86  Dumoulin 1992a: 101-106 with further bibliography; Dumoulin 
1992b: 228 (on interpretation); Holzmann 2016.
87  Bakarezos et al. 2012; Koumartzis et al. 2015; Roberts 1981.
88  Due to this text’s orientation, we will refrain from discussing this 
variant in detail. Basically, in it a concretely tangible (fragmentary or 
complete) artefact is replaced by a type.

parameters such as the sound quality/sound behaviour 
of the instrument, the efficiency and/or the cost/
benefit ratio and/or the (or a) ‘historical accuracy’ 
of the solution. Depending on the choice of decision 
criterion and the rigour of implementation, the other 
parameters may be completely overshadowed, so that, 
for example, comparatively high costs and labour costs 
are accepted, in order to achieve the highest possible 
historical precision of a replica or a reconstructed 
chaîne opératoire.89

If our goal is the reconstruction of a chaîne opératoire 
(and/or the production of a replica) with highest 
degree of historical precision within the framework 
of a historical (or archaeological) science possible, we 
have to assess our possible solutions with regard to 
the plausibility of their application to the Elgin Lyre. 
Afterwards, this assessment can form the basis for 
our decisions. Probably the most obvious and widely 
used classification criterion for the plausibility of a 
particular aspect, such as the use of a tool or the form of 
a lost component in historical or archaeological work, 
is its ‘presence’ in as close temporal and geographical 
proximity as possible to the historical production 
activity that is the focus of the work. To put it differently 
– and more simply – we often work with the following 
hypothesis: If a certain component, tool, technique, 
etc. is attested at a certain time in a certain place, it 
is more plausible that this component/tool/technique 
was used at this time in this place in the attested form 
than a component/tool/technique that is not attested 
at this place for this time.

In most cases, the implementation of this hypothesis 
faces two fundamental problems: the predominantly 
very poor evidence in periods of the distant past, and 
the spatially as well as temporally localised production 
activity. In the first case, even if the production activity 
can be safely dated and localised, no attributions can 
be made because the information required is either not 
available or to a limited extent. If the artefact under 
investigation is affected by the second problem, the 
working hypothesis cannot be implemented due to the 
lack of the necessary anchor points (Ankerpunkte)90 
that is, chronological and topographical ‘fixed points’. 
If both problems occur, our working hypothesis can 
only be applied in a very rough and uncertain way, if 
at all.

The Elgin Lyre is a good example of this conflict. Given 
the known facts about its ‘life’ and research history, any 
attempt to identify the date of its production or use 
turns out to be very difficult. According to the known 
publications, the British Museum in London acquired 

89  The approach of the Greifenberger Institut für Musikinstru-
mentenkunde reveals this area of tension in an impressive way.
90  For terminology see Bosche 2023 and Bosche (in preparation).
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the so-called Elgin Lyre on 06.10.1816 together with 
other pieces from Thomas Bruce, Seventh Earl of 
Elgin.91 In the same year, a first ‘Report from the Select 
Committee on the Earl of Elgin’s Collection of Sculptures, 
Marbles &c.’ mentions the stringed instrument twice. 
It informs us that the remains of the lyre were found 
together with ‘two flutes’ (the so-called Elgin Aulos, 
also in the British Museum) during the excavation 
of burial grounds near Athens.92 The context of the 
discovery leads us to the undertakings of Thomas Elgin 
in the early nineteenth century. Unfortunately, the 
events relevant to our instruments are only partially 
documented. Some information can be derived from an 
essay of Arthur Hamilton Smith in The Journal of Hellenic 
Studies of 1816. His words enable us to deduce some 
of the stages of the probable transportation route of 
the instruments after their discovery. Lord Byron and 
Giovanni Battista Lusieri are said to have left Piraeus on 
board the ‘Hydria’ ship on April 22, 1811 and reached 
Malta on April 30, 1811. Lusieri returned to Athens on 
July 4, 1811.93 While the ‘Pauline’ ship was anchored in 
the Athenian port of Piraeus from November 26, 1811, 
two boxes with smaller antiquities were brought on 
board by Lusieri. These two boxes were delivered from 
Malabar to Deptford from March 1812 and, according 
to the documentation, also contained the two musical 
instruments.94

Smith’s writings do not contain any further information 
about the discovery of the instruments. In the 1816 
report, they are mentioned in the appendix under 
Addenda: ‘One Lyre in Cedar wood; and, Two Flutes 
of the same material; found during the excavations 
among the tombs in the neighborhood of Athens’.95 
The locality of the tomb, its content and examination, 
and the route of the instruments from this tomb to 
the port cannot be deduced from the report. This 
lack of information led to several discussions about 
the identification of the find’s context as early as the 
nineteenth century. M.A.S. Murray, curator of the 
British Museum, reported in a letter dated 05.09.1878 
that the instruments were found in a grave on the road 
from Athens to Eleusis.96 Linked to these statements is 
a letter by Louis François Sébastien Fauvel, excerpts 
of which are printed in the second volume of the 
Magasin Encyclopédique of 1807 (Gevaert erroneously 

91  Steinmann 2021: 372. François-Auguste Gevaert (1881: 647) reports: 
‘the lyre and flutes, came to the British Museum with the Elgin 
collection.’ Thomas Elgin had recorded the lyre as number 501 in his 
collection. Steinmann 2021: 372.
92  Report 1816: 65, xliii.
93  Smith 1916: 281-283.
94  Smith 1916: 283-284: ‘A rough list of the objects forming this 
supplementary collection was supplied by Hamilton to the Select 
Committee. It included [...] the ex votos from the Pnyx, a cedar-wood 
lyre, and two cedar flutes, the bronze urn with enclosing marble urn, 
and a variety of inscriptions. The above list represents the cargo of 
the Hydriote polacca.’ 
95  Report 1816: xliii. See also Dumoulin 1992a: 101; Roberts 1981: 303.
96  Gevaert 1881: 647.

mentions the year 1809).97 Probably also related to this 
is a statement by the already mentioned Birch to von 
Jan: ‘the debris of the two lyres were found in a marble 
urn filled with ashes, together with a golden crown in 
a funerary hill on the path leading from Piraeus to the 
Salaminian ferry and Eleusis.’98

We will deal with the mentioning of two instruments 
in Birch’s letter in more detail below. While taking a 
critical look at this problem, Egert Pöhlmann separates 
the tomb reported by the letters and Fauvel from the 
finding context of the Elgin Lyre. The latter thus is only 
attested to by the scarce information in the report of 
1816. Their phrasing not only provides no information 
about the condition and location of the tomb, but also 
offers no hint as to whether the aulos and the lyre were 
found in the same tomb. Bélis, for example, assumes 
that the instruments were found together. However, 
she also states that the objects and the exact location of 
this tomb are not known.99

This conclusion deprives the date offered by Fauvel, 
who compared some of the grave’s contents with the 
Erechtheion on Athens, of its argumentative basis, as 
it is based on grave goods from the tomb he discusses, 
and not the Elgin Lyre itself.100 Since almost all previous 
and later datings are not explicitly justified and have 
the same or a very similar time-span as Fauvel’s 
proposal, the question is whether we should classify 
the Elgin Lyre as undated.101 In research literature we 
can only find two dating approaches, which refer to 
aspects of the Elgin Lyre itself. Unfortunately, neither 
of them is documented in a way that would allow their 
critical understanding, since in both cases there is 
no indication of the comparanda the argumentation 
used.102 Paul Courbin associates the shape of the arms 

97  Fauvel 1807: 363-364. Cf. Pöhlmann 1987: 324. On the reception, see 
Gevaert 1881: 647.
98  von Jan 1882: 17: ‘die Trümmer der beiden Lyren wurden in einer 
mit Asche gefüllten marmornen Urne gefunden, zusammen mit einer 
goldenen Krone in einem Grabhügel auf dem Wege, der vom Piräus 
nach der salaminischen Fähre und Eleusis führt.’ 
99  Bélis 1985: 213 note 27. 
100  Fauvel 1807: 363-364.
101  In the brief report of the year 1816, we can find only an 
undocumented dating (Report 1816: 65): ‘Of what antiquity do you 
consider the lyre and the flutes? – I have always conceived them 
to be of the best time of Greece – the time of the Grecian Republic.’ 
Gevaert (1881: 647) already states that there is no indication of the 
dating ‘unless M. Fauvel was correct in comparing the ornaments of 
the wood coffin with those of the architecture of the Erechtheum’. 
Pöhlmann (1987: 319) speaks without justification of a ‘instrument 
of the fifth century BC’. Steinmann reports the fifth-fourth century 
BC date given in the museum; Dumoulin (1992a: 101), referring to 
explanations offered by Panagiotis Faklaris, gives the fourth-first 
century BC. Strictly speaking, we should even ask ourselves whether 
we should consider the possibility that the find is not an ancient 
object, given the lack of evidence or sound arguments in bibliography 
and the lack of precise reference to the find’s context. Since, at least 
in this paper, we deal primarily with the production of the instrument 
and not with its significance for ancient music or similar questions, 
we may set the dating aside. However, we must return to it at least 
briefly at a later point.
102  For the argumentative background, see Bosche 2023: 247-287.
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with unnamed depictions of the late sixth-early fifth 
century BC.103 According to Bélis, the technique used 
to attach the yoke to the arms is also visible on vase-
paintings and a relief from the period between 510 and 
410/400 BC, whereby the latter could also date to the 
fourth century BC. This comparability should confirm 
the dating of the Elgin Lyre to the fifth century BC.104

Given this situation, we have only a very thin basis for 
any assessment of the plausibility of possible additions, 
reconstructions and extensions of the fragmentary 
Elgin Lyre by means of ‘historical accuracy’. Accepting 
the aforementioned information, we can associate 
the stringed instrument with the city of Athens. Yet, 
strictly speaking, we only know that it was deposited 
in a tomb near to that city, but not that it was produced 
nearby – which is the information we actually need 
for our argumentation. In the end, we are unable to 
gather any reliable information about the period of 
its production, as the proposed dates are based either 
on feeble arguments or perhaps even on a line of 
reasoning that is to be rejected (since the presentation 
of the written evidence is only superficial and offering 
insufficient details for us to expand or even formulate 
the argument). This means that we lack any frame of 
reference for classifying the plausibility of a solution 
on the basis of ‘historical accuracy’ at a specific place 
and time – a problem that is common in archaeological 
research.

If we want to continue with our project, we may need 
to significantly expand our frame of reference – in 
the case of the Elgin Lyre, for example, to the ‘Greek 
Classical period’ or even ‘Greek antiquity’ in a broader 
sense. Since we have no artefact-bound parameters 
for determining such a chronological extension, the 
decision can only be made on the basis of ‘artefact-
external’ factors. If we accept the idea that an aspect is 
temporally and spatially determined, we have to pay a 
high price, as we will see below. If we postulate that an 
artisanal solution, which is attested to us for example for 
the third century BC in Sparta, was used in the context 
of a chaîne opératoire of the fifth century BC in Athens, 
we assume that this solution was constant (at least) in 
the range of the temporal and spatial distance between 
these two points. If we regard the proposal as certain or 
as the only conceivable solution, we are in high danger 
of thereby denying any development of this technology 
between these two spatial and temporal anchor points. 
If we concede alternative reconstruction hypotheses, 
technology development is possible, but would not be 
observable at least at the two points we considered. In 
other words, the solution in both cases has a temporal 
and spatial constancy between the production activity 
we examined and the additional source associated with 

103  Courbin 1980: 109 note 51.
104  Bélis 1985: 215.

it. If we have further sources from this distance range 
(or at least later time and other location ranges) at 
our disposal, we can increase the plausibility of such 
an assumption, but formally and argumentatively it 
always remains a hypothesis, since it is dependent on 
interpolations.

Ramifications

Let us briefly recapitulate and draw a conclusion from 
our considerations so far. From the outset, we focused 
on the individual components of the Elgin Lyre. In the 
course of our considerations, we have encountered 
preserved and (hypothetically) reconstructed parts 
that form an (overall) whole artefact and can (but do 
not have to) be treated as independent artefacts. If 
we want to transfer this notion to a chaîne opératoire 
and retain its understanding as a description of 
the production sequence that culminates in the 
completion of an artefact, we encounter two different 
‘types’ of chaînes opératoires of an artefact: chaînes 
opératoires of an artefact as a whole; and chaîne’s 
opératoires of a component-as-artefact incorporated 
into a chaîne opératoire of an artefact as a whole.105 
With this differentiation in mind, we may return to the 
starting point of our thoughts and take a closer look 
at the basic/essential concept of chaîne opératoire 
formulated at the beginning of the first section: the 
assumption that it describes an arranged sequence of 
steps between two states of an artefact as visualised in 
Figure 3. With this, we turn our focus to the theoretical 
background concept implicitly used when talking about 
the chaîne opératoire of an artefact. By incorporating 
hypothetically reconstructed components, tools, means 
of production, processes, people, etc. into our chaîne 
opératoire, we have already – albeit subcutaneously – 
dispensed with the possibility of working out a clear 
chaîne opératoire for the production of an artefact 
such as our Elgin Lyre. If the available evidence does 
not allow us to narrow down the spectrum of possible 
reconstitutions to one historically secure option, we 
are confronted with the necessity of incorporating 
case differentiations (hypothesising one scenario for 
each possible option) into the conception of our chaîne 
opératoire for all aspects of the artefact’s extension 
and/or components that are subject to uncertainty. 
Thus, we do not deduce a single chaîne opératoire 
that describes the production of the artefact under 
investigation (component or overall whole artefact), 
but a spectrum of possible chaînes opératoires, which 

105  See Figures 3, 4 and footnote 58. Cf. a passage from the work of 
Pierre Lemonnier (1976: 106-107): ‘Une activité technique peut 
demander l’organisation relative et la combinaison de plusieurs 
chaînes opératoires; cette organisation et son d´déroulement dans 
le temps forment un processus technique.’ In my understanding, the 
same basic idea is expressed in this passage, though not presented 
as chaînes opératoires. For the thematisation of an ever more 
progressive ‘fragmentation’, see also Lemonnier 1976: 117-118.
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may or may not include the actual historical one.106 
In other words, we implicitly have used a separation 
between the ‘actual historical reality’ and the (content-
charged) theoretical model used to describe this 
reality. While we tend to assume that there was a 
single, ‘true reality’ of the past, it is very common 
to consider theoretical models (at least partially) 
constructed by research, even though there might be 
some interconnection between the ‘constructed’ and 
the ‘real’.107 All statements and considerations that 
we deal with in this paper therefore refer to one (and 
every) possible variant of this spectrum, provided that 
no case-specific narrowing down is feasible.

Focusing now on a single (possible) chaîne opératoire, 
we have dealt with the question of its unity. Based 
on formulations very common in bibliography, our 
first approach has started from the assumption that 
the individual chain-links of our chaîne opératoire 
can be uniquely determined by selecting a certain 
‘definition element’. For the sake of simplicity (but 
without justifying it in detail), in the implementation 
of this assumption we have declared the individual 
components of the composite artefact ‘the Elgin Lyre’ to 
be the definition or ‘core elements’ (Kernelemente).108 
At the same time, we have associated each one of these 
components (at least potentially) with its own, separate 
chaîne opératoire and thus hypothetically composed 
the chaîne opératoire of the Elgin Lyre of the chaînes 
opératoires of its components. If we follow a very 
schematic approach, this seems to suggest the possibility 
of sorting the components or their chaînes opératoires 
in order to obtain the order of the production steps of 
the chaîne opératoire of the Elgin Lyre. This ‘simple 
sorting approach’ is based on the assumption that each 
stage of the chaîne opératoire can be treated as a self-
contained unit. Any case differentiations (outside the 
components and their extension) only affect the order 
of the stages.

For a further discussion of our preliminary model, we 
have to turn our focus back to its application dealing 
with the Elgin Lyre. During the starting paragraphs 
we have deduced the preliminary theoretical model 
from argumentation lines present in bibliography 
and/or common in archaeological research. We have 
abstracted from the contents discussed there to isolate 
the structure of a theoretical background model 
implicitly sometimes applied in them. However, the 
same argumentation lines will also help us to see why 

106  Due to the usual limitations of our knowledge (the state of 
conservation and research, etc.), we cannot claim to be able to 
describe a complete spectrum. In addition, the selection of aspects 
that determine the individual chain is linked to the research question, 
the approach and the artefact/technology under investigation. For 
example, see Desrosiers 1991: 23-24; Lemonnier 1976: 113-114.
107  This depends on the personal epistemological/ontological 
positioning. In this paper we will skip this discussion.
108  For terminology, see Bosche 2023.

we have to label our model as preliminary and why the 
simplistic approach indicated in the last paragraph is 
not appropriate to cover all needs of archaeological 
research. For this, let us take a closer look at some 
further points that arise while applying our theoretical 
model to the discussion of the making of the Elgin Lyre.

The applicability of such a schematic approach to 
the sorting or sequential ordering of (reconstructed) 
production steps is determined (among other things) 
by the connections of the components of the Elgin Lyre. 
If it were feasible, it would have to be possible that all 
components had been produced entirely separately 
and independently without any reference to each 
other. Only later steps could have included attachments 
of the components to each other. Even though we only 
have partial information about the connections of the 
individual components of the Elgin Lyre, we should 
take a less schematic approach to the conception of 
a possible chaîne opératoire of its production in light 
of the recognisable aspects. Bélis investigated the 
connection of the transverse yoke with the two arms 
and documented it both verbally and graphically 
(Figure 6). The transverse yoke lies in the recess of a 
short fork in the vertical corner pin, which is inserted 
through a hole in the transverse yoke.109 This solution 
requires that the fastening of the elements to each other 
had to be taken into account during the production of 
the individual components. In other words, fabrication 
and later assemblage of the components have been 
somehow interlinked during the planning and 
realisation of the instrument. The chaînes opératoires 
of the wooden parts therefore contain (at least) the 
intended concepts of the other wooden parts, and/or 
the overall artefact requires testing of the fitting with 
the other constituent parts of the instrument in the 
course of their manufacture.110 Since all wooden parts 
are provided with elements of this fastening solution, 
it is highly unlikely, if not impossible, that one or two 
of the components were designed after the third one 
had been made and they adapted their design to it The 
planning concept of the attachment solution must 
have been known or developed already before or, at the 
latest, during the production of all three components 
for the given assemblage to be possible.

The attachment of the wooden construction to the 
tortoise shell is far more difficult to reconstitute, since 

109  Bélis 1985: 215; see also figs. 13 and 14 on p. 124. Cf. Dumoulin 
1992a: 101: ‘Das Joch liegt also praktisch auf dem Absatz auf, der an 
dieser Stelle der Arme entstanden ist, und war dort befestigt.’, as well 
as Steinmann 2021: 374: ‘Das Ende der Arme läuft in einen konisch 
sich verjüngenden, mit feinsten halbrunden und nur Millimeter 
kleinen Verzierungen versehenen Teil aus, auf welchen einst das Joch 
aufgesetzt war.’
110  On the Elgin Lyre there may be an indication of an earlier planning 
concept. In a footnote, Steinmann (2021: 408 note 21) reports traces of 
(‘einer im originalen Holz eingeritzten Konstruktionshilfe mit einem 
Kreis und Punkten’). Unfortunately, having not seen the object, I 
cannot verify this point.
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it is only poorly preserved. Nevertheless, we gain 
insight from a similar/comparable situation. Birch, an 
official of the British Museum, mentions in a letter to 
von Jan ‘an iron peg or nail by means of which it was 
attached to the body of the lyre’.111 However, as we shall 
see, the statements of this official should be treated 
with great caution. Steinmann reports after his autopsy 
that at least one of the two arms of the Elgin Lyre was 
tapered. This might indicate that the ends of the two 
arms were fixed to each other in the tortoise shell.112 
If this observation is correct, the conception of the 
carapace and its intended relationship to the wooden 
construction would have been incorporated into its 
production as well. Whether the natural characteristics 
of the used tortoise shell were used for the attachment, 
as was the case in the production of the replica by 
Roberts’ team,113 cannot be traced in detail because 
large parts of the original tortoise shell are missing.114 
We do not know whether such solutions had also been 
employed in the construction of the Elgin Lyre in 
antiquity.

The reconstruction of the covering of the carapace 
can be classified as somewhat safer, since it might 
be part of our previous chaîne opératoire, drawing 
on current knowledge and the information from the 
Hermes myth. According to the latter, the carapace was 
covered with cow-hide before the arms were attached 
to it.115 However, Panagiotis Faklaris reconstructs a 
reverse sequence, since according to him the arms 
are said to have been fastened tightly to the walls of 
the carapace.116 For Dumoulin, ‘the description of the 
attachment of the arms and cross yoke [...] is consistent 

111  von Jan 1882: 17: ‘eisernen Pflock oder Nagel, mittelst dessen 
dieselbe an dem Körper der Lyra befestigt war’.
112  Steinmann 2021: 373. The procedure for the actual attachment of 
the arms to the plaster cast of the tortoise shell is not comprehensible 
to the viewer. Steinmann 2021: 374.
113  Roberts 1981: 304. The detailed craftsmanship of the replica by the 
team around Steinmann’s team is unfortunately not published. For 
considerations on the attachment of the arms into the carapace from 
Argos, see Courbin 1980. For general considerations on this question, 
see Dumoulin 1992b: 233-235; Faklaris 1977: 226-230.
114  The inside of five tortoise shells with perforations found in 
Gordion were artificially smoothed. Holzmann 2016: 548.
115  (Pseudo-)Homeric Hymn to Hermes, v. 49-50.
116  Faklaris 1977: 226-230. Cf. Dumoulin 1992b: 233-234. Athanassios 
Vergados (2013: 259) concludes from this that the myth does not 
present the steps in the correct order. 

with the traditional image of the chelys: the arms are 
attached to the sonic body and connected to each other 
by the yoke’.117

In the case of an attachment that relies on 
mechanisms inside the carapace, the cow-hide would 
necessarily have to have been attached to the shell 
after the arms and all other construction work inside 
it. This is due to the technical requirements and 
the hide’s intended function as a sound cover, since 
once it was attached, it would no longer be possible 
to work inside the carapace without damaging the 
sound cover and thus rendering it unusable.118 If 
it was really attached to the shell with the aid of 
holes, this production step would have to be taken 
into account (at least) during the processing of the 
carapace, unless the holes were created subsequently 
(i.e. after the arms had been attached and when the 
need for fastening options had been determined). 
At the same time, while creating the holes, the 
components to be attached to them and their 
arrangement had to be considered, for the position 
of the holes to be determined. As the exact fastening 
mechanism of the acoustic ceiling on the Elgin Lyre is 
unknown, this question must remain open. Even with 
our very fragmentary knowledge of the technical and 
planning solutions applied during the manufacture 
of the Elgin Lyre, complex interdependencies 
and interactions between different stages of its 
(potential) chaîne opératoire emerge (Figure 7a-c). 
These interdependencies make it impossible to work 
with completely separated, discrete stages similar 
to chain-links. Turning back to the conception of 
our theoretical model we therefore have to give up 
the idea of discrete, sequentially ordered stages 
resembling the metaphorical image of chain-links. 
Rather, we have to integrate possible ramifications 
between the single chain-links, making them only 
some kind of ‘gravity centres’ within a deeply 
ramified nest. For example, if we assume the use of a 
certain hammer in stages A and B, this hammer acts 

117  Dumoulin 1992a: 92: ‘die Schilderung der Anbringung von Armen 
und Querjoch stimmt mit dem überlieferten Bild der Chelys überein: 
die Arme sind am Schallkörper befestigt und untereinander durch 
das Joch verbunden.’
118  Cf. Schenck zu Schweinsberg 2017: 121-122.

Figure 6: Visualisation of a chaîne opératoire as a simple ‘chain’ with chain-links embedded  
into a web of external relations (‘extension’) (illustration by the author).
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as some interweaving connection between these two 
stages.119

Those ramifications make it impossible to limit our 
case differentiation to several possible sequential 
orders of the stages (or, as we might now say, the 
‘gravity centres’) of our chaîne opératoire. First of all, 
their mere presence leads us to integrating possible 
sequential parallels like two elements being planned 
and/or executed ‘at the same time’ (for example 
by different persons) in our spectrum of possible 
sequences. Second, since there (at least potentially) 
are no entirely separate stages, we can only sort their 
‘gravity centres’, if at all. Other aspects connected to 
them – like our hammer – somehow transcend the 
sequential ordering since they span the otherwise 
sequential stages (Figure 7b and c). Third, those 
connected aspects are subject to the well-known 
uncertainties and knowledge deficits, as well. If we 
abandon the hypothesis of the use of the hammer in 
Stage A, the associated link between the two stages can 
no longer be maintained.120 This does not only mean 
that it cannot be used as an argument for a sorting 
procedure; the ‘existence’ of its ‘bridging/spanning 
function’ is also subject to uncertainty. If we want to 

119  If we take up an idea of my dissertation that is only incidentally 
relevant to this paper, this interweaving ‘would not exist from 
the perspective of the hammer’, and we would work with partial 
delimitations between the stages. For this idea, see Bosche 2023: 
401-474. Since the conception of theoretical descriptive units is not 
discussed in this paper, I will refrain from not elaborating on this 
topic at this point.
120  Making the visualisations of Figures 8 and 9 only one observer-
dependent possibility.

integrate it into our discussion, we have to accept case 
differentiations for this point, as well.

Besides the chain-links of a (hypothetical or actual) 
chaîne opératoire, its overall course, too, is affected by 
the possible interweaving and interlocking of several 
stages. In other words, the integrating of possible 
ramifications in our thoughts might influence the 
identification of the starting and ending points of 
our chaîne opératoire. Let us assume for our further 
discussion, that we intend to deal with a ‘functional’ 
stringed instrument, referring to its (potential) 
playability or use for the intended production of sound 
events. Neither the joining of the wooden parts and the 
tortoise shell nor their covering with a sound-board 
are sufficient to produce intended sound events of the 
kind we expect from musical instruments. As testified 
by the additional sources mentioned above, a chelys 
like the Elgin Lyre can only produce its intended sound 
when strings are attached to it. As far as the remains 
of the Elgin Lyre itself are concerned, only indirect 
indications of the presence of strings can be found. 
The original strings have not been preserved and thus 
they belong to the reconstructed components of our 
chaîne opératoire.121 Whether they were made of sheep 
intestines, as reported in some versions of the Hermes 
myth, remains a hypothesis.122

As early as in 1862, Birch mentions ‘traces of the strings 
on the crosspiece, but no signs of pegs for tuning or 
tensioning the strings’.123 According to him, the lyre 
should have had nine strings.124 Since the ‘traces’ are 
not described in more detail, it is not possible to deduce 
what this information is based on – an important 
point, since Birch’s explanations of the strings and 
the tuning device of the Elgin Lyre contain a number 
of misconceptions. In addition to the indication of the 
number of strings, he formulates a hypothesis about a 
tuning mechanism not otherwise attested in antiquity. 
This mechanism includes a tuning of the strings ‘from 
below’ and not by pegs on the yoke’.125 Von Jan and 
several other authors embrace this hypothesis and build 
on it, partly in combination with further ‘observations’ 
– but without having carried out an inspection of the 
preserved remains themselves. They conclude that they 
have discovered a ‘new’ tuning mechanism that is not 

121  Considering the hypothetical character of our assumption of a 
former playability of the instrument, whether strings ever existed is 
hypothetical. In the end, we do not know whether the instrument has 
ever been played. As mentioned, we will not deal with this problem 
here.
122  (Pseudo-)Homer’s Hymn to Hermes 51. According to Roberts 
(1981: 311), strings made of other materials are also known. Dumoulin 
(1992b: 239-240), considers sinews and intestines to be attested in the 
ancient sources. Steinmann’s reconstruction team (Steinmann 2021: 
406) refers to the production of sheep intestine.
123  von Jan 1882: 17.
124  von Jan 1882: 18.
125  von Jan 1882: 18.

Figure 7: Drawing 
of the connection 
between the yoke 
and the left-side 
arm (after Bélis 
1985: 214 fig. 13,  
© École française 

d’Athènes).
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Figure 8: Visualisation of three ramified forms of a chaîne opératoire with ramifications  
realised by the contact points of the chain-links (a), by extension factors/external web (b),  

and both the above (c) (illustrations by the author).

a

b

c
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attested in the ancient written sources.126 Since (possible) 
tuning elements of the Elgin Lyre are not preserved,127 
there are no grounds for refuting Birch’s hypothesis 
on actual evidence. Nevertheless, the discovery of an 
alternative mechanism may raise scepticism. This 
occurs with Pöhlmann, who investigated this problem 
in 1987. In his letter quoted by von Jan, Birch speaks 
of ‘two lyres’. Pöhlmann can identify one of these 
two ‘lyres’ as the hinge of a small box. This discovery 
entails that all thoughts and arguments based on these 
elements should be removed from the discussion.128 
The presence and form of the tuning mechanism, 
strings and a possible tail-piece on the Elgin Lyre can 
only be reconstructed hypothetically. Thus, all sound 
events produced today on the basis of replicas are also 
based on the sound of these hypothetical elements. 
Accordingly, the supposedly ‘new’ tuning mechanism 
is no longer addressed in later publications; instead, 
the usual mechanisms known from the ancient sources 
are used for the reconstruction. Dumoulin speaks of 
‘notches that should hold the strings in their intended 
position’.129 Bélis adds the remark that no holes for 
fastening the strings can be found in the yoke.130 
According to her, the yoke of the Elgin Lyre should have 
carried eight kollopes, which were attached in such a way 
that the strings did not touch the wood. There are no 
notches that could have been caused by direct contact 
between the string and the wood. The marks should 
run around the entire round circumference of the yoke. 
Perhaps this is a system similar to that shown on a bowl 
from Delphi or on a crater fragment in Amsterdam.131

Our information about these kollopes is based exclusively 
on an interpretation of ancient written and pictorial 
sources, partly including modern instruments. Von Jan 
had reconstructed the tuning mechanism based on an 
etymological derivation of the term by Eusthathios in 
combination with a reference to the African Kissar as 
a string fastening by means of a sticky coil wrapped 
around the crossbar, which held the string in position. 
This view was taken up by many later authors and has 
been communis opinio for a long time.132 Pöhlmann and 
Eva Tichy object to this interpretation after a critical 
examination of the sources.133 Without more detailed 

126  Pöhlmann 1987: 319-321 with bibliography.
127  See also Bélis 1985: 216; Steinmann 2021: 373.
128  Pöhlmann 1987: 319-321.
129  Dumoulin 1992a: 101: ‘Kerben, die die Saiten in der für sie 
bestimmten Position halten sollten’. 
130  Bélis 1985: 217.
131  Bélis 1985: 219.
132  Pöhlmann and Tichy 1982: 287-289 with further literature, in 
particular 288 note 16 with the later receptions of von Jan’s 
interpretation. See also Roberts 1981: 305-307 in the context of the 
presentation of its reconstruction.
133  Pöhlmann and Tichy 1982: 299: ‘Sieht man von jenem letzten 
Zeugnis ab, so kann man feststellen, daß überall, wo die 
Stimmvorrichtung gemeint ist, entweder eindeutig als ‘Pflock, 
Wirbel’ oder Verwandtes zu verstehen ist oder jedenfalls ohne 
weiteres so verstanden werden kann. Jans Theorie, die sich auf eine 
antike Fehletymologie — κόλλοψ von κόλλα und ἕψω — sowie auf 

studies and analyses, the exact reconstruction of the 
(possibly existing) tuning mechanism of the Elgin 
Lyre should remain open due to the interpretative 
uncertainties in some cases also noted by Pöhlmann 
and Tichy and the general argumentative limitations.134 
The remains of a lyre found in a grave at Locri could 
provide some help. Some of the parts are interpreted by 
Stefan Hagel as tuning pegs and used as a basis for the 
reconstruction of a yoke that would fit the dimensions 
of the yoke of the Elgin Lyre.135 Without more detailed 
studies, I would rather not take a position on this 
proposal or make any further statements about the 
attachment of the strings and (possible) tunability.

With this limiting comment, let us turn back to our 
theoretical considerations regarding the chaîne 
opératoire. Although the core elements for sound 
production are not precisely known, their inclusion 
in the chaîne opératoire has massive implications for 
our argumentation line. Due to structural similarities, 
some basic elements of those points might be projected 
onto many other aspects regarding the functional 
or even symbolic understanding of the Elgin Lyre. As 
expressed by Sellet, for example, a chaîne opératoire 
often starts with the procurement of raw materials and 
ends with the completion or discard of the artefact.136 
In our relativism of a schematic separation of the 
individual stages of our chaîne opératoire, we have 
so far omitted discussing the connection between the 
first and the final stage, or, in other words, the start 
and the end of the chaîne opératoire. If we adhere to 
the schematic separation of (if only) those two stages, 
the only connection between the start and the end 
would be the chaîne opératoire itself (cf. Figures 
3 and 5). Re-applying the argumentation line used 
above, the raw materials in this case had to be selected 
without reference to the intended function and design 
of the artefact and without taking into account the 
knowledge, tools and processing methods available; 
the same applied to the choice of all elements of the 
extension(s) of the individual stages, the planning of 
the shape and conception of the components, etc. All 
elements of the chaîne opératoire – all raw materials, 
tools, workstations, planning concepts, manufacturing 
processes, etc. – would be selected completely without 
context-bound decision criteria. The result would be a 

jene suggestive Analogie zu der afrikanischen Kissar stützte, findet 
also auch in den literarischen Belegen keine Bestätigung.’ 
134  For some considerations on possible tuning devices see also 
Dumoulin 1992b: 240-243.
135  Hagel 2016. Hagel (2016: 161) interprets this as an indication of an 
‘organological optimisation mediation between conflicting demands: 
on the one hand, the need for a stable yoke that would not bend 
significantly during tuning; on the other, for an amount of friction 
that ensured that the strings would hold tight enough to maintain 
their grip on the yoke, while not becoming so tight that they would 
rather snap than allow re-adjustment.’ If his reconstruction is correct, 
this would probably have circumvented some of the difficulties that 
Roberts encountered in her reconstruction.
136  Sellet 1993: 106.
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random conglomerate of individual components and 
influences, of which the form and design, conception, 
usability and sound behaviour were only influenced 
by chance, which from this perspective determined 
the choices of the actors involved. As was the case 
with the interconnections between the other stages 
discussed above, our daily observations speak against 
the applicability of such an assumption.

In addition to the argumentative weak ‘daily 
observations’, we can also counterargue for such an 
assumption while discussing (a) possible chaîne(s) 
opératoire(s) of the Elgin Lyre. Let us briefly mention 
some exemplary points. Regarding craft activities, 
the nature of the materials has a direct impact upon 
the choice of tools, the processing methods used and 
the knowledge required.137 Maple and cedar wood (the 
two types of wood discussed for the Elgin Lyre) have 
partly similar, but also different properties. Their 
processing thus might pose different challenges.138 At 
the same time, the sound behaviour of the stringed 
instrument directly depends on the wood the 
instrument is made of. Modern instrument-making 
and physical acoustics teach us that properties such 
as the vibrational behaviour of the materials used 
in an instrument can contribute to the character of 
its sound.139 Due to a lack of sources, we do not know 
whether aspects such as the sound behaviour were 
taken into account during the planning of the Elgin 
Lyre. However, an observation by Steinmann suggests 
that this is at least possible. According to him, ‘the 
forward-facing annual rings [of the stone arm] should 
allow a hugest strength possible’.140 Unfortunately, 
there are no further details that explain or justify 
this statement. Of course, we do not know whether 
the ancient instrument-maker deliberately chose this 
aspect or whether the observed image was created by 
chance. If the processing qualities and perhaps even 
the tonal properties of the wood were incorporated 
into the design of the instrument, the instrument-
maker had to consider the desired behaviour of 
the instrument before selecting the raw materials 
and base the choice of raw materials and further 
processing on this.

Depending on the quantity and quality of the aspects 
involved in the planning process, it might require 
knowledge far beyond pure craftsmanship skills. Even 
if many details of the possible tuning(s) of antique 

137  A causal connection between the nature of the materials, and the 
working techniques and the finished products has been an integral 
part of chaîne opératoire since the beginning of its research. See, for 
example, Lemonnier 1976: 108-109.
138  Wagenführ and Wagenführ 2022: 57-61 (maple), 892-893 (cedar).
139  See e.g. Bakarezos et al. 2012; Egry 2023; Hutchins 1998. For specific 
statements on the Elgin Lyre or generally on the use of different 
materials in chelys-like instruments, further analyses are necessary.
140  Steinmann 2021: 374: ‘die nach vorne gerichteten Jahresringe [des 
Steinarms] eine grösstmögliche Festigkeit erlauben’.

stringed instruments are unknown to us,141 it seems 
rather unlikely that all the strings of the Elgin Lyre 
produced arbitrary pitches or even the same tone. 
Rather, they were tuned to different pitches (either once 
while fastening the strings or time and again by means 
of a tuning mechanism). From a physical point of view, 
different pitches can be generated by several approaches. 
The pitch of a string is the result of its vibration intensity. 
It can be changed by varying the string’s thickness, 
length or the tension applied to it, provided that the 
string’s material is constant. If the strings are made of 
different materials, we not only experience different 
timbres, but are also confronted with different physical 
features of the strings.142 The overall design of an 
instrument plays an important role in the adaptation of 
those points. The length of the strings is determined by 
its dimensions. Different string lengths are only possible 
if the instrument was built accordingly. This solution 
seems rather unlikely in the case of the Elgin Lyre due 
to the at least approximate symmetry of the wooden 
arms and the position of the fastening elements on the 
yoke. However, since we lack the fastening mechanism 
of the strings at the lower end of the resonance body 
has not been preserved, we can only conjecture on this 
point. Still, an overly large difference between the string 
lengths seems very unlikely.

Assuming that all strings were made of the same 
material and that they were tunable, different pitches 
of the strings of the Elgin Lyre were probably realised 
by means of thickness and/or tension applied. If this 
is true, the tuning and, by extension, also the making 
and fastening of the strings can be separated from the 
production of the instrument body (wooden arms, 
yoke, resonance box) – at least at first glance and to a 
certain extent. Taking a closer look, such a separation 
can only be maintained if the sound behaviour of the 
body was not taken into account when the instrument 
was built. In stringed instruments with a resonance 
box, ‘the strings and body form mechanically coupled 
resonators [...]. Energy is cyclically exchanged between 
them, resulting in a beat.’143 To reach an instrument’s 

141  For a summary, see Hagel 2015: esp. 76-92, 103-134 with biblio-
graphy.
142  For the physical principles, see for example Egry 2023: 70-73. For a 
reference to ancient stringed instruments, see also Hagel 2015: 76-92.
143  Hutchins 1998: 71: ‘Saiten und Korpus [bilden] mechanisch 
gekoppelte Resonatoren [...]. Zwischen ihnen wird zyklisch Energie 
ausgetauscht, wodurch eine Schwebung entsteht.’ Bakarezos and his 
team (Bakarezos et al. 2012: 481) describe the interaction between the 
components of their reconstructed chelys during sound production 
in the following terms: ‘The emitted Chelys sound is generated as 
follows: the strings are plucked by the plectrum and the resulting 
vibration, known as Helmholtz vibration, which consists of many 
frequencies is transferred to the bridge (magas). The bridge in turn, 
starts to vibrate and the energy is transferred to the front part of 
the sound box (leather). The lower side of the bridge is in full 
contact with the front side of the Chelys sound box. This is also the 
case for the lute-type musical instruments, such as the guitar, one 
of the most widely studied plucked string musical instruments. This 
category is of great interest due to its long history, since it includes 
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full potential, the vibrational behaviour of the strings, 
the tortoise shell, the sound-board, the air and wooden 
construction inside the resonance box and their 
interactions had to be taken into account in the course 
of planning and building the instrument. Furthermore, 
the vibrational characteristics were not only important 
during the planning and construction phase, but 
also while using the already completed instrument. 
Environmental conditions and the tensions applied to 
the instrument can lead to later deformation of the 
materials.144 We have no sources telling us whether the 
tonal potential and the later behaviour of the materials 
were taken into account in the construction process of 
the Elgin Lyre or other ancient stringed instruments. If 
this was the case, knowledge of wood- and horn-working 
would not be sufficient for the production of a stringed 
instrument such as the Elgin Lyre. The people involved 
in the planning and production process would either 
have to be qualified with theoretical and/or practical 
musical knowledge themselves and/or collaborate with 
musicians.145

A rigorous linearity of the chaîne opératoire in the 
sense of a kind of ‘transformation’ of an initial state to 
a final state through a sequence of work-steps without 
overlaps, interactions and spiral steps does no justice to 
the complexity of an artefact production. It can only be 
applied if the representation of the process – for example 
by means of a chaîne opératoire of the overall arte- 
fact – is limited to and focused on the ‘transformation(s)’ 
of one (or, under certain circumstances, a few) 
parameters while neglecting the rest. This point will 
lead us back to the central concern of von Rüden and 
my objection to it.

Learning by ...? And learning what?

We have abandoned the idea of isolated chain links and 
the notion of a linearity of the chain between an initial 

the necked chordophones, of which the Chelys is an example that 
was used in ancient cultures Furthermore, there is also no direct 
connection between the bridge and the back side of the sound box. 
The initial excitation of the instrument is modulated by the bridge 
due to its geometry and elastic properties which make some of the 
initial frequency components be transferred to the sound box more 
efficiently than others. This excitation is further dispersed to the 
remaining sound box, where the frequency components are further 
modulated depending on the sound box geometry and its elastic 
properties.’
144  Such observations were also made, for example, by the team led 
by Bakarezos (Bakarezos et al. 2012: 479) when dealing with the 
acoustic properties of an antique chelys: ‘Small deviations were 
observed from the desired tuning frequencies, and these were 
attributed to the instrument sensitivity to different string tension 
and ambient conditions, suchas temperature and humidity.’ Cf. the 
observations by Roberts 1981: 305. 309-311.
145  In the absence of explicit indications, we cannot answer whether 
the strings were produced, stretched and perhaps even tuned by the 
craftsmen who made the remaining parts of the instrument body. 
Following the Homeric Hymn of Hermes, Steinmann (2021: 262) 
assumes that several crafts were involved in the construction of a 
chelys.

and a final state. Due to the interlocking of the initial 
state and the intended final state, as well as all other 
intermediate and later states of the chaîne opératoire,146 
our chain takes on a ramified form including, among 
others, connections between the first and the final 
state. Figure 8 gives an impression of the crowded and 
branched character our descriptive model of a chaîne 
opératoire has assumed while adding more and more 
aspects and relations between them. The clear-cut 
stages we started with (the ‘chain-links’) are blurred 
by a tight network of relations within and between the 
stages. Their boundaries fade or even vanish, if we are 
willing to accept them as created by our own definition. 
If we include case differentiations necessary due to 
lack of information and/or a spectrum of possibilities 
(which unfortunately cannot be properly visualised in 
a 3D-graphics focusing on the structure of one given 
chaîne) the number of potentially relevant elements 
and relations further increases significantly. Leaving 
aside (artificial) preconditions and hypotheses – as 
necessary for research as limiting for the object under 
investigation – we are free to include any aspect we 
can think of in a content-related application of our 
theoretical model.

Turning back to considerations on the ‘real-life level’ 
including humans, objects, artefacts, concepts etc. 
however, we might wish to employ at least one basic 
premiss that certainly limits the extent of our content-
related model of (a) certain chaîne(s) opératoire(s) – but 
also values some argumentative tension regarding the 
accessibility of human perception. For an exemplary 
discussion of this point (related to one of the deepest 
problems of philosophy) we might look back at the 
starting and end point of a chaîne opératoire and focus 
on the character of the ‘transformations’ of the former 
while reaching the latter.

The notion that a chaîne opératoire does not 
necessarily have to be linear should not be credited 
to us, since it can already be found in some of the 
earliest publications dealing with the theoretical 
concept. A short passage of Pierre Lemonnier, for 
example, illustrates the decomposition of a chaîne 
opératoire into several smaller, separable chaînes 
opératoires,147 which we have dealt with in our previous 
explanations.148 Those ‘smaller’ chaînes opératoires can 

146  Basically, the raw materials and their properties affected the 
artefact even after the last step of its production.
147  Lemonnier 1976: 106: ‘Une chaîne opératoire ‘série d’opérations 
qui transforment une matière première en un produit’ (Cresswell 
1976), est constituée d’actions sur la matière de phases de préparation, 
matérielle ou non, de ces actions, et de temps morts, n´nécessaires ou 
non à l’obtention du résultat technique visé. Ces éléments ont une 
dimension temporelle: ils se succèdent, se d´déroulent simultanément 
ou se chevauchent; si une chaîne opératoire possède un début et une 
fin, elle n’est pas n´nécessairement linéaire.’ 
148  In another passage, Lemonnier (1976: 107) mentions ‘parties de 
chaînes opératoires’. For the ‘staggering’ see also Lemonnier 1976: 
112.
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be arranged in sequence one after the other, but they 
can also take place simultaneously or overlap (Figure 
7a-c).149 Yet, there is one important difference between 
our approach and the one formulated by Lemonnier. 
The chaîne opératoire in his elaborations does not 
represent the ‘highest level’ of his theoretical concept, 
but is integrated into a kind of ‘superordinate’ concept: 
the ‘Processus Technique’.150

The terminological separation between a single chaîne 
opératoire (for the production of an artefact as the 
‘final state’ of an organised manufacturing process) 
and the Processus Technique (as an organisational 
concept for more complex technological processes) 
renders more relative, if not abandons, the idea that 
all ‘sequence concepts’ lead up to a single artefact. 
Rather, it is combined with an additional focus on the 
relationship between productions of several artefacts 
(as ‘independent production results’ or parts of a 
‘superordinate production’). The investigation of 
an individual artefact production, however, is not 
abandoned. During the last sections we have taken up 
a similar core idea by distinguishing between a chaîne 
opératoire of a (construction) part of an artefact and 
a chaîne opératoire of an entire artefact. However, we 
have not followed the (at least terminological) shift of 
considerations towards technology research, which in 
my opinion is evident in Lemonnier’s explanations.

The differentiation between chaîne opératoire and 
technical activity/process or technology leads us to 
the words of von Rüden, who deals with Lemonnier’s 
approach in the course of her essay.151 One of her 
central objections to Lemonnier’s approach is his 
definition of technology as ‘physical renderings of 
mental schemas’, since, according to her, it is based on 
‘a somehow Aristotelian perspective which conceives 
the mental schema as the primacy which is then 
physically rendered or executed in a bodily or material 
practice’. ‘Hence, despite his wish to integrate the 
material and the mental world, he carries forward a 

149  Pelegrin, Karlin and Bodu (Pelegrin et al. 1988: 60) summarise 
Lemonnier’s considerations: ‘De plus la description d’une chaîne 
opératoire n’est pas une simple organisation linéaire de données. 
C’est aussi l’articulation et l’interaction de tout un ensemble 
d’éléments qui permettent de pondérer chaque moment de valeurs 
différentes.’ See also Balfet 1991: esp. 17.
150  Lemonnier 1976: 106-107: ‘Aussi en employant l’expression 
processus technique voulons-nous définir un ensemble de faits 
plus large que celui que représente une Chaîne opératoire. Une 
activité technique peut demander l’organisation relative et la 
combinaison de plusieurs Chaînes opératoires; cette organisation et 
son d´déroulement dans le temps forment un processus technique.’ 
Cf. Lemonnier 1976: 105: ‘Sous ce terme [processus technique] nous 
regroupons l’ensemble des opérations enchainement d’actions sur la 
matière, attentes etc. qui interviennent lors d’une activité technique.’ 
Cf. Lemonnier 1976: 128. The concept is repeated by Pelegrin, Karlin 
and Bodu (Pelegrin et al. 1988: 58): ‘Des suites de gestes ou d’opérations, 
qui sont les processus techniques, eux-mêmes décomposables en chaînes 
opératoires regroupant des séquences gestuelles.’ 
151  For the connection between chaîne opératoire and technology, see 
also Bar-Yosef and Van Peer 2009: 105.

Cartesian division and marginalises the integrative 
aspect of the bodily gesture and embodiment’.152 Von 
Rüden expresses a similar objection to Leroi-Gourhan’s 
approach:

‘Beyond this more general methodological approach, 
his aim was to understand the development of the 
human mental abilities in accordance with rhythm, 
movement and technique. The human subject was 
therefore always at the center of Leroi-Gourhan’s 
considerations, but maybe surprisingly one can 
nonetheless trace a certain neglect of the human’s 
sensual involvement in his description of technical 
processes. In his book ‘Le Geste et la Parole’ of 1964 
he described the ‘progress’ of techniques from an 
evolutionist perspective: techniques conducted 
by the human body, techniques with tools moved 
by a human ‘motor’, and the externalization of 
technologies to machines. Certainly driven by 
a fascination for technologies and machines, he 
draws parallels between machines and humans, 
culminating in a description of habitualized human 
operations as ‘automatic’ or ‘machine-like’ (Leroi-
Gourhan 1988: 289-293). Such a labelling of these 
often highly complex technical practices puts them 
closer to mechanics and technological functioning, 
and draws them away from the human sensual 
involvement in techniques. Whether intentionally 
or not, his choice of words reduces the motion 
within these techniques to a mechanical one, 
marginalizes the specific human character of the 
sensually guided body movement, and therefore 
dehumanizes techniques (von Rüden 2015: 36-37)’.153

I have a great deal of understanding for the fact that 
the quoted formulations by Leroi-Gourhan can evoke 
the associations that von Rüden expresses. However, 
considering my own perception and some other 
formulations that Leroi-Gourhan uses, for example, in 
his (admittedly brief) explanations of the concept of 
chaîne opératoire, the question arises as to whether 
the tension between the approaches of Leroi-Gourhan 
and Lemonnier on the one hand and von Rüden on the 
other could not be summarised in an alternative way. 
If my view of the explanations is correct, it is not so 
much different research interests or perspectives on 
the significance of the cognitive aspects of the people 
involved in a production process that come together 
in them, but rather different ways of how cognitive 
processes can support and enrich current theoretical 
research on ancient craft activities.

In order to explain the concept, we need to take a brief 
excursion into some of the early trends in the history 

152  von Rüden 2017: 73-74 with reference to the (translated) passages 
by Lemonnier.
153  von Rüden 2017: 72.
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of research also addressed by von Rüden. We may start 
with the work of Leroi-Gourhan, which Lemonnier 
(among others) cites as a direct reference in several key 
passages. Leroi-Gourhan defines the chaîne opératoire 
in brief words in a passage in his work ‘Le Geste et la 
Parole’:

‘La notion de Chaîne Opératoire sera reprise aux 
chapitres VII et VIII mais il est nécessaire de 
l’évoque içi pour comprendre le lien entre technique 
et langage. La technique est à la fois geste et outil, 
organisés en chaîne par une véritable syntaxe qui 
donne aux séries opératoires à la fois leur fixité et 
leur souplesse.’154

In this short passage, Leroi-Gourhan distinguishes 
between three aspects: the ‘chaîne opératoire’, the 
‘séries opératoires’, and the ‘syntaxe (opératoire)’. The 
latter establishes the connection between these three 
aspects and has two ‘tasks’: it organises movements/
gestures (geste) and tools (outil) in a chain (I), and it 
offers the séries opératoires (depending on the need 
or situation) independence and flexibility (II). The 
‘starting point’ of the syntaxe opératoire for Leroi-
Gourhan is situated in the memory, where (according 
to my interpretation of the passage) it is ‘stored’ after 
its emergence through an interaction between the 
brain as the centre of the human cognitive apparatus 
and the material world that surrounds man and can 
be perceived by him. As ‘stored information’ it can be 
‘retrieved’ (and also modified) as required:

‘La syntaxe opératoire est proposée par la mémoire 
et naît entre le cerveau et le milieu matériel.’155

In my understanding of this passage, Leroi-Gourhan 
describes human learning through interaction with the 
(physical-material) environment. Sensory experiences 
necessarily play just as central a role in this learning 
as the cognitive processes in the human cognitive 
apparatus that are based on them. For Leroi-Gourhan, 
a tool is a kind of ‘secretion’ (‘sécrétion’) of body and 
brain, which should be treated as an ‘artificial organ’ 
(‘organe artificiel’) according to the rules that also apply 
to ‘natural’ organs. For this reason, ‘il doit répondre 
à des formes constantes, a un véritable stéréotype’.156 
With the caution required for hasty connections or 
even for drawing parallels in complex situations, I 
would at least like to point out similar considerations 
from the context of today’s cognitive sciences.157 Even if 

154  Leroi-Gourhan 1964: 164. The chapters referred to cannot be 
found in the publication.
155  Leroi-Gourhan 1964: 164.
156  Leroi-Gourhan 1964: 132.
157  See, for example, some considerations from the field of embodied 
cognition. For an overview: Shapiro and Spaulding 2021 with 
bibliography. The exact relationship between the concepts needs 
to be examined in more detail. For such an interpretation of Leroi-
Gourhan, see also, for example, Audouze and Karlin 2017: 2-3: 

this point requires much more comprehensive analyses 
than can be accommodated in the scope of this paper, 
in my understanding, the previously quoted and 
paraphrased passages at least tend to take into account 
the body-bound level of perception or sensation in the 
conception of human cognition (which is admittedly 
strongly focused on the human brain). However, I am 
alarmed by the connection between human cognitive 
processes and a ‘stereotype’, which is at least hinted at 
in one of the passages. We will come back to this point 
later and in a different context.

The interplay between tool and action is taken up by 
Lemonnier.158 He distinguishes between the three 
levels of work equipment (‘moyens de travail’), chaînes 
opératoires and technical knowledge (‘connaissances 
techniques’) when dealing with a technique. In 
the summarised presentation of these three levels, 
Lemonnier emphasises (very clearly in my opinion) 
different research possibilities for these three levels. 
The means of labour would be by far the most frequently 
investigated by technologists, since ‘the only material 
traces of human activity can be related to this category 
of technical facts’ (‘sans doute parce que les seules 
traces matérielles de l’activité humaine se rapportent 
à cette catégorie des faites techniques’).159 Technical 
knowledge, on the other hand, was mostly ignored in 
technological studies, as were also the definitions, since 
it left few material traces.

Despite these methodological limitations, Lemonnier 
ascribes essential importance to knowledge in 
the study of technical phenomena.160 He presents 
cognitive concepts such as technical skills as a kind 
of complementary level to the chaîne opératoire and 

‘«Pour Leroi-Gourhan qui la nomme, la chaîne opératoire est dans 
le prolongement de sa vision biologique» (Schlanger 1991: 2004). 
On est loin de la méthode analytique sophistiquée que va devenir 
la chaîne opératoire au cours des années.’ For some considerations 
on the relationship between ‘body’ and ‘mind’ in Leroi-Gourhan 
see, for example, Leroi-Gourhan 1964: 87. In my view, this passage 
also shows a differentiation between the ‘constitution’ of man and 
his ‘acquisition’, in the context of which ‘body’ and ‘mind’ ‘depuis 
toujours’ are regarded as separate.
158  See, for example, Lemonnier 1976: 107: ‘On a souvent insisté sur le 
caractère indissociable du couple geste-outil (Haudricourt, 1940: 760 ; 
1948 : 54 : 1955 : 32 ; 1964 : 31 ; Leroi-Gourhan 1965 : 35 sq); l’action sur 
la matière ne peut être comprise qu’en complétant la connaissance de 
l’outil par la connaissance du geste qui le met en œuvre, il est inutile 
d’y revenir. L’étude d’une pratique technique doit donc comporter, 
a` côté de la description des moyens de travail et des connaissances 
techniques mobilisés, la description des différentes actions sur la 
matière mises en œuvre, de leur succession (chaînes opératoires), de 
leurs agencements relatifs, etc.’; cf. Pelegrin et al. 1988: 60.
159  Lemonnier 1976: 103-104.
160  Lemonnier 1976: 104: ‘Elles sont généralement ignorées dans les 
études technologiques (sans dout parce que laissant peu de traces 
matérielles), voire même omises dans les définitions du domaine 
technique; elle en sont pourtant un élément essentiel, ne serait-ce 
que parce qu’elles forment un préamble nécessaire à tout pratique 
technique. La difficulté de leur raisir ne doit pas faire oublier la 
complexité des choix et des élaborations intellectuels non exprimés 
et souvent non exprimables qui accompagnent tout processus 
technique.’
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does not explicitly integrate them into it. Instead, these 
flow into the Processus Technique together with the 
traces of work. Such a (admittedly rather schematic) 
differentiation can justifiably give the impression that 
the material and mental levels appear and are treated as 
clearly separate in Lemonnier’s theoretical conception. 
However, in my opinion, this differentiation results – at 
least to a certain extent – from the different accessibility 
of these areas, as emphasised by Lemonnier.

As Lemonnier emphasises at various points of his 
explanations, his approach to the study of technology 
is focused on the interaction between humans and 
matter.161 In line with this, cognitive aspects play an 
essential role in Lemonnier’s search for technological 
issues; however, limitations are posed by methodological 
problems, since these aspects – unlike, for example, 
certain work processes that leave tool marks – leave 
no material traces and thus cannot be ‘read’ on the 
artefacts.162

In my opinion, this methodological problem plays 
a central role in the fact that cognitive aspects tend 
to recede into the background in some of the later 
works dealing with the concepts of Leroi-Gourhan and 
Lemonnier. Sellet, for example, describes the chaîne 
opératoire in the following words: ‘It is a chronological 
segmentation of the actions and mental processes 
required in the manufacture of an artifact and in its 
maintenance into the technical system of a prehistoric 
group.’163 His summary of the development of the 
concept in the history of research reveals a rather 
schematic conception of the integration of actions, 
objects/tools and cognitive concepts such as technical/
technological knowledge:

‘Subsequently, a chaîne opératoire study was 
seen as integrating three levels of analysis, which 
would reveal the technical decisions made in the 
process of tool manufacture. The most basic level 
is represented by the objects themselves (tools 
and by-products of the manufacture process); then 
comes a series of gestures or technical sequences 
(the methods by which the tools are produced); 
and finally, at the most abstract level, is the 
specific technical knowledge shared by all group 
members.’164

Sellet traces the composition of this sentence back 
to a passage in Jacques Pelegrin, Claudine Karlin and 

161  See, for example, Lemonnier 1976: 103: ‘En limitant le domaine 
technique aux phénomènes relatifs à l’action de l’homme sur la 
matière [...].’ 
162  Lemonnier 1976: 104: ‘Il est certain que notre analyse ne peut pas 
appréhender de manière exhaustive des processus mentaux 
largement inexprimables tels que ceux qui permettent à un acteur de 
suivre la piste d’un animal [...].’ 
163  Sellet 1993: 106.
164  Sellet 1993: 107.

Pierre Bodu, who in turn summarise Lemonnier’s 
explanations. In the course of this ‘chain of reception’, 
the network of interaction between humans and 
‘material’ seems to recede further and further into the 
background, at least in the formulations used. Pelegrin, 
Karlin and Bodu discuss the ‘connaissances spécifiques’ 
as one of the three levels on which technical activities 
can be grasped, and mention in this context that they 
could not always be expressed by the actors and that 
their analysis could be underpinned by ‘well thought-
out reproductions’.165 However – and at this point we 
reach the associations that von Rüden also sees – the 
three authors also bring in at least one formulation an 
(apparent or actual) ‘primacy’ of the mental166 over the 
following physical realisation:

‘L’analyse de cette démarche, aidée de reproductions 
raisonnées, a néanmoins permis d’aborder le 
registre délicat du schéma conceptuel préexistant à 
tout projet dans l’esprit du tailleur et, parallèlement, 
l’espace des possibles et des choix dont il disposait 
selon ses connaissances, ses habitudes culturelles, 
ses ressources et les limites d’un matériau 
contraignant.’167

The italicised passage is close to a parallelism of one of 
the two most precise definitions (explicitly naming the 
materialising aspect implicitly present in the former 
passage) of the background to von Rüden’s approach 
to her wish ‘to bridge the Cartesian way of analysing 
technique in anthropological and archaeological 
research:168

‘Archaeological research often tends to consider 
ancient techniques as a mechanical process, which 
simply materializes mental representations. This 
Cartesian perspective draws the attention away 
from the human sensual involvement and reduces 
techniques and in general crafts to externalized 
knowledge or bare information of mechanical 
functioning and hence clearly distorts our ideas of 
ancient crafts.’169

Let us now return to our theoretical model of the 
chaîne(s) opératoire(s) as presented at the beginning of 
this chapter, and think about the difference between the 
first and the final state of the chain. Von Rüden criticises 
that this difference ‘would be measured’ exclusively in 
the material (or better: materialising)170 dimension, for 
example in the previously quoted passage by Pelegrin, 

165  Pelegrin et al. 1988: 58.
166  Cf. a formulation by von Rüden 2017: 73 (emphasis by the author): 
‘Therefore, despite his careful analysis a certain Cartesian separation 
of his layers is still maintained as well as the idea of a primacy of higher 
mental processes.’ 
167  Pelegrin et al. 1988: 58 (emphasis by the author).
168  von Rüden 2017: 74.
169  von Rüden 2017: 71 (emphasis by the author).
170  For terminology and a complete research approach based on it, 
see Lucas 2012, discussed in Bosche 2023.
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Karlin and Bodu. Sensory experiences, on the other 
hand, would fade into the background.

I am not in a position to make statements about the 
majority of archaeological and anthropological research 
approaches, as I do not want to claim to have complete 
knowledge of published work in these two research 
areas or at least to have carried out a systematic 
examination of this aspect on a random basis. I can only 
state that, based on my personal, subjective impression, 
I would not be surprised if this were the case, and that 
the reception of the passages by Leroi-Gourhan and 
Lemonnier may be understood as an indication in 
this direction.171 However – and this is where my view 
partly differs from von Rüden’s words – I do not see 
that the topic addressed by von Rüden is completely 
absent from the theoretical work on the concept 
chaîne opératoire.172 I merely see that it is shifted out 
of focus – in line with an observation by von Rüden in 
the introductory abstract (‘This Cartesian perspective 
draws the attention away from the human sensual 
involvement.’).173 In order not to break with my own 
argument, I am not able to judge at this point whether 
the reason for this ‘focusing’ is any kind of ‘Cartesian 
perspective’. However, there might be an alternative 
justification: the inclusion of individual/personal 
sensory experiences in scientific investigations in 
the sense of a science oriented towards any kind of 
‘discourse of validity’ can present us with even greater 
problems than the beyond infinite number of possible 
case differentiations in the inclusion of as many details 
as possible in the reconstruction of a chaîne opératoire. 
This holds even in the case of an (in my opinion 
impossible) ideal reproduction of all and every planning 
and production contexts, if the attempt is made to 
uncritically transfer one’s own sensual experiences to 
other people (for example, the ancient producers of 
the Elgin Lyre), the inclusion of individual/personal 
sensory experiences in scientific investigations in 
the sense of a science oriented towards any kind of 
‘discourse of validity’ can present us with even greater 
problems than the beyond infinite number of possible 
case differentiations in the inclusion of as many details 
as possible in the reconstruction of a chaîne opératoire. 

So far, we have focused on the integration of artefact 
components and physical-material entities in our 
theoretical model of the chaîne opératoire – speaking 
of the Elgin Lyre, for example raw materials, tools, 
etc. possibly used for its manufacture. Thus, we have, 
at least at the beginning, taken up the perspective 

171  For some critical considerations on the inclusion of mental 
concepts in chaîne opératoire research up to 2009, partly with similar 
implications as in my following remarks, see Bar-Yosef and Van Peer 
2009: 113-115. For the consideration of cognitive factors in chaîne 
opératoire research, see also Soressi and Geneste 2011: 344-345.
172  See also some formulations in Lemonnier 1976: 118.
173  von Rüden 2017: 71.

of focusing on the (physical) material remains, as 
advocated by Lemonnier, for example. When we 
spoke of human interactions with these ‘non-human 
actors’, we described them verbally in a comparable 
form and attempted to reconstruct them in the form 
of hypothetical representations. We did not undertake 
any manual activities of our own. I completely agree 
with von Rüden that the sensory experience and 
understanding of production processes provides 
us with essential knowledge that allows us to view 
research interests like production processes of the past 
from different perspectives. Even from my personal 
experience alone, I also hold the view that certain 
things can only be learnt by incorporating one’s own 
observations and experiences in such a way that a 
satisfactory result is achieved. A musician must adjust 
to his instrument and harmonise the feedback from his 
body with the instrument in the literal sense in order 
to improve his sound quality – and I can report from 
my own experience that, at least for me subjectively, 
an examination of my own body perception is very 
conducive to this process.174 Even though my own 
manual skills are rather limited, especially in specialised 
areas such as the processing of natural materials, it is 
very natural for me to assume something similar in an 
area that depends on the interaction between material, 
tool and body. However, this topic raises a central 
problem in the scientific discourse, which von Rüden 
deals with in detail in her essay and explicitly expresses 
in her concluding remarks:

‘This might be related to the fact that these aspects 
of craft are difficult to approach with the help 
of so-called rational and objective methods of 
archaeological research, the way we are categorizing 
our archaeological evidences, and our still very 
Cartesian way of thinking, no matter if we contrast 
mental processes or representations with bodily 
experiences and the material world. Furthermore, 
to articulate all these largely nonverbal, embodied 
experiences in a theoretical, and therefore necessarily a 
verbal, discursive paper seems to be a paradox in itself (von 
Rüden, 2015). One can even postulate that a theoretical, 
and therefore necessarily a verbal, discursive paper about 
embodied knowledge and skill is not an appropriate way 
of approaching these aspects.’175

174  At this point, in the course of self-reflection and in anticipation of 
a quite possible and in part certainly justified objection, I would like to 
allow myself a brief self-positioning: I am writing these explanations 
not only as a theoretical researcher, but also from the perspective 
of an (ambitious) amateur musician with many years of (classical) 
training on various (modern) instruments, including several years 
of lessons in stringed instruments (classical concert guitar and 
violin) in addition to my current focus on woodwind instruments. I 
therefore have some practical knowledge of stringed instruments – 
even if not on an antique chelys – and of the craftsmanship of musical 
instruments, as I maintain and repair most of my instruments myself 
as long as my knowledge and skills allow me to do so without the help 
of an expert, even though I am not a trained instrument maker.
175  von Rüden 2017: 77 (emphasis by the author).
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I fully agree with von Rüden on this point as well: the 
‘necessity of representation’ is a massive problem for 
sensory comprehension. However, it is also inevitable 
if communication (scientific or not) is to be possible 
over greater distances. Von Rüden and I share the 
view, that communication is essential for scientific 
discourse. From this perspective, I see no fundamental 
contradiction between the representation-based 
forms of representation of cognitive aspects (partly 
supplemented by experimental procedures) within the 
framework of the chaîne opératoire in the older works 
(even if these can sometimes fade into the background) 
and von Rüden’s concern, even if I can only agree 
that the emphasis on the great importance of sensory 
experiences is essential with regard to some of the 
works I am familiar with.

Despite – or perhaps just because of – the essential 
importance of this point, I cannot avoid advising a high 
degree of caution and delicacy in its realisation for 
ethical reasons. If we want to integrate mental aspects 
or even sensory experiences in research questions like 
chaîne(s) opératoire(s), we have to find a way of grasping 
mental aspects and/or sensory experiences of other 
people, perhaps having lived centuries and miles apart. 
With this, we encounter a basic methodological problem 
that we have dealt with extensively in the previous 
section. However, now, we do not limit it to physical-
material aspect, but extend it to sensory and mental 
phenomena. Such an extension is highly problematic, 
since the applicability of the method depends on the 
adaption of a fundamental premiss/precondition 
considered axiomatic as concerns certain aspects of the 
physical-material world, but at least partially refuted 
for mental and/or sensory phenomena. Let us take 
a closer look at this area of tension starting with the 
physical-material. If we deal with a projection and/or 
extrapolation of aspects (in the broader sense) or even 
conclusions across topographical and chronological 
(or, by extension, social and/or cultural) distances – be 
it by incorporating insights from modern crafts or by 
theoretical considerations – we presuppose a constancy 
of these projected aspects at least across the distances 
spanned. If these aspects are physical, chemical and/or 
other ‘scientific’ characteristics of entities, our laws of 
nature provide us with a millennia-long tradition and 
very plausible reasons for accepting this assumption. 
We assume – in my opinion in all plausibility – that 
wood of a certain type behaves in the same physical, 
chemical and biological way today, in Sparta in the 
third century BC and in Athens in the fifth century BC, 
and that on this basis we can at least calculate back (or 
transfer) individual aspects of our chaîne opératoire. 
Thus, in all areas that are based exclusively on natural 
laws and the aspects they can describe, we can perform 
‘back-calculations’ from documented observations 
and conclusions – for example, from many parts of the 
construction processes of the components, the nature 

of the raw materials, tools and components, and their 
reactions to each other under certain conditions, like  
the effect of a hammer blow on a piece of wood – provided 
that the elements and movements involved are exactly 
identical. If we include a tolerance range and/or other 
probability parameters in our considerations, we can 
significantly extend the applicability of these methods, 
even if this comes at the price of obtaining a spectrum 
of possible results rather than a certain result. If we 
stay within the limits of scientific laws, this spectrum 
can even be classified by probability values. This allows 
the individual options to be weighed against each other 
and, on this basis, their weighing within the spectrum.

The line of reasoning becomes much more problematic 
when we wish to include factors that lie beyond the 
boundaries of the natural sciences (in the classical 
sense) and/or whose scientific prerequisites cannot be 
measured in the preserved remains.176 If we look at the 
fundamental approach to artefacts in archaeological 
theory, we can grasp a certain consensus towards 
the assumption that an artefact is embedded in a 
superordinate (according to ‘traditional’ language, 
cultural and/or social) ‘fabric’ or ‘web’ (e.g. network, 
entanglement, network, entanglement) (Figure 9)177 
that is structured quite differently depending on 
the approach, and which, in addition to non-human 
physical-material entities, might also include humans 
and immaterial entities.178 In research projects with a 
similar orientation, the extension of the overall artefact 
and its components (the artefacts of the individual 
chain links) cannot be limited to aspects that can be 
reconstructed by applying the laws of natural science. 
The scientific aspects relevant to those studies among 
others also include the sensory experiences of the 
individual human being. Even if we know from scientific 
disciplines such as biology, medicine and the cognitive 
sciences (and ultimately also from our everyday 
experience) that large areas of the basic structure of the 
human anatomy represent a connecting factor for large 
parts of living (and deceased) people,179 there are also 

176  Although Schiffer’s approach differs from mine in many respects, 
there is a hint in his explanations that at least points in a similar 
direction. The aim of his approach is not to formulate universally 
applicable generalisations to explain human behaviour, but to codify 
our assumptions and our provisional knowledge about behaviour in 
specific circumstances. LaMotta 2012: 65-66; Schiffer 2010: 11-12.
177  The differentiations of Figure 8 can be visualised accordingly.
178  The bibliography on this topic is extremely extensive and cannot 
be compiled in full at this point. For example, see Fowler 2013 
(assemblage); Hodder 2012; Hodder 2014 (entanglement); Lucas 2012 
(assemblage and interdisciplinary, with theoretical considerations). 
For a discussion see Bosche 2023: 175-223, with bibliography. The 
refusal to reduce the behaviour of non-human physical-material 
entities to their scientifically ascertainable characteristics has been an 
integral part of archaeological research from the very beginning, and 
was never abandoned even during the methodological controversy 
in the second half of the twentieth century. The social and cultural 
dimension also plays a central role in Lemonnier’s explanations. See, 
for example, Lemonnier 1976: 57-58, 105, 111-112, 118, 137-138.
179  This formulation is chosen very carefully for ethical reasons – I 
hope carefully enough.
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many smaller or even larger deviations in all areas. The 
sharpness of vision and hearing varies from person to 
person (a central factor for the chaîne opératoire of our 
Elgin Lyre, as we have seen), the tertiary sulci (troughs 
of the folds in the human brain anatomy developing 
comparatively late during fetal development) of our 
brains differ, and so forth.180 Certainly, the similarities 
between us offer us the opportunity not only to 
communicate with each other, but also to transfer 
certain aspects (empathically and/or rationally) 
between us. Nevertheless, we should be careful about 
which aspects we apply these generalisations to 
(because that is what they are essentially), as for to 
run the risk of making statements about one type of 
person and (explicitly or implicitly) assigning our own 
perceptions and sensory experiences a primacy over 
the individual perceptions and experiences of another, 
equally individual people. The desire to learn something 
about the sensory experiences and perceptions of 
other human individuals (for example the producers 
of the Elgin Lyre) from our own sensory experiences 
and perceptions is, in my opinion, associated with a 
very high level of ethical responsibility and respect for 
the individual human being. After all, everything we 
learn today through our sensory experiences is first 
and foremost our perception181 – and we must look 

180  For the (neuro-)anatomical foundations of human cognition, see 
for example Trepel 2015.
181  A comparable objection can be found in Bar-Yosef and Van Peer 
2009: 113-114. Cf. Grüner 2019: 188, with a reference to the 
explanations of Immanuel Kant. In my opinion, it is already expressed 
Lemonnier 1976: 111 (with an additional reference to practical 
realisability): ‘Mais les processus techniques se présentent comme 
un continuum d’opérations’, de séquences gestuelles et de gestes, 
eux-mêmes décomposables et analysables en termes anatomiques 
ou physiologiques. La question se pose alors de savoir où porter 

with great respect and even greater caution for the 
possibilities and limits, but also the risks and dangers, 
when we attempt to transfer them to people of antiquity. 
In other words, we should always ask ourselves: do we 
learn something about (the production of) an artefact, 
or do we learn something about the (or a) person who 
produces a (certain) artefact – and in the second case: 
who is this person?

Conclusion

The concept of chaîne opératoire was formulated 
and further developed as a methodological tool182 
and, at a time when debates on scientific theory and 
epistemology revolved strongly around method-critical 
aspects, it fulfilled important needs and offered the 
possibility of capturing, documenting and presenting 
complex work processes through organising principles. 
Despite the sometimes strong further developments in 
the theoretical field, these basic needs are still present 
in scientific questions, and so it is hardly surprising 
that the chaîne opératoire as a term continues to be 
an important model in craft and technology research 
in the broader sense. At the beginning of the paper, 
we have started our thoughts with one (it not the) 
core ideas of the concept: the transformation of raw 
materials to a product, an artefact, with a certain 
form and function. This ‘transformation’, obviously, 

notre regard. Nous voudrions ici insister sur le fait qu’il n’y a pas a 
priori de niveau d’analyse plus pertinent qu’un autre, déterminé par 
un quelconque ‘bon sens’. Il faut par contre reconnaître que notre 
champ d’analyse est limité par des facteur matériels. Nous ne savons 
pas étudier le détail d’un geste (‘prendre une pomme’), et nous n’en 
avons pas les moyens en hommes, en temps et en matériel.’ 
182  Cf. also Audouze and Karlin 2017: 3.

Figure 9: Visualisation of a chaîne opératoire as a simple ‘chain’ with extensional webs around  
the single chain-links (orange), several chain-links tying them together (dark orange)  

and the whole chain (red) (illustrations by the author).
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includes the ‘help’ from other materials, instruments, 
tools, persons etc. Thus, the extent of a single stage 
of the chaîne opératoire cannot be limited to the raw 
materials and components, but has to include those 
elements as well (or at least relations to them). The 
extension of a single chain-link reaches beyond the 
element that defines it at the beginning. Thinking of 
everyday practicability and observations on preserved 
artefacts like the Elgin Lyre both the extension and the 
‘core’ of the chain-links might (and often do) entail 
interconnections, since, for example, one tool is used 
in the manufacture of several components or the latter 
ones had to be planned together to ensure their later 
combination. Depending on the perspective taken on 
the descriptive model, the boundaries between the 
chain-links and their extensions are crossed, blurred 
or even transcended (in other words: not visible 
from the actual perspective). In addition, including 
self-reflection and epistemological concerns in our 
discussion we have to label many of the elements we 
wish to include in our content-filled application of the 
theoretical background model of a chaîne opératoire 
hypothetical/only potentially relevant. Formulation 
of case differentiations might help us describe a 
spectrum of possible models for a certain case, yet 
the uncertainties remain. The formulation of a single 
chaîne opératoire is only possible on an abstract 
background level without any ‘real-life’ content apart 
from the theoretical concepts used to describe the 
abstract elements. In this paper, we have explored some 
facets of such a model and visualised them in several 
graphics. Yet, as usual in archaeological science, we 
have developed most of our thoughts with reference 
to a historical artefact and/or topics necessary for its 
discussion. And it is this content-charging that leads 
us to a further and further increase of the number of 
elements and relations in our (now content-charged) 
model of a (still theoretical) chaîne opératoire.

This way parallels the development of the initial notion 
of the concept chaîne opératoire in archaeological 
and anthropological research. The parameters of the 
approach(es) to the investigation of past technologies 
and craft activities have developed in many respects in 
the recent decades and have also changed in some cases. 
The number of factors to be taken into account during 
a production step has increased enormously. The focus 
is not only on the interaction between the (more or less 
stereotypical) tools used, raw materials, thought and 
trading processes, forms of organisation and possible 
cooperation; the physical, natural and social and/or 
cultural environment in which a production process 
takes place has also become an integral part of the 
discussions. Due to the complex interdependencies 
observed and/or assumed there between a large 

number of (potential and actual) ‘actors’ in the sense 
of entities that have or can have an influence on other 
entities in their environment,183 a decomposition of a 
chaîne opératoire into several, clearly distinguishable 
and only one-dimensionally connected stages (‘chain-
links’) can only be maintained if the analysed work 
process is only described from a single perspective. 
If – for example by choosing alternative definition 
points of the individual chain links or by including or 
reconstructing different extensions of these definition 
points – several perspectives are integrated into a 
discussion, not only the one-dimensional development, 
but also the linear sequence is placed in relation to the 
perspective adopted. Thus, even the last visualisation 
of the theoretical model of a chaîne opératoire (Figure 
8) only gives one possible appearance of the theoretical 
model, changing its appearance with every turn of 
perspective.

However, if the spectrum of aspects described by (or 
integrated into) a chaîne opératoire is extended to such 
an extent that potentially all conceivable factors that 
can be perceived during a contemporary production 
process are to be transferred to historical production 
processes, one exposes oneself to what I consider to 
be a great risk of generalising human perception and 
cognition. My intention in making this point is not to 
argue in favour of abandoning this approach – quite 
the opposite: in my opinion, we can learn a great deal 
from today’s experiences, which is of great importance 
for the investigation of a historical chaîne opératoire. 
However, we should always bear in mind that these 
experiences only provide us with insights into what 
can be relevant during the production process – and 
not how exactly it was during the production process. 
At least as far as the perception of the historical actors 
is concerned, I believe that we always remain within 
a hypothetical framework if we recognise people as 
individuals. Even with an ideal information situation 
about all actors and their nature in the extension 
of a completely observable chaîne opératoire, our 
maximum result thus always remains, in my opinion, 
a chaîne opératoire of an ‘artefact like...’, and not a 
chaîne opératoire of the concrete historical artefact 
that is before our eyes and of which the historical 
production process we are trying to investigate. If we 
integrate this theoretical discrepancy into the further 
handling of our statements, we have created a valuable 
and promising starting point for further work, despite 
these theoretical limitations.
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ΕΡΓΑΣΤΗΡΙΑERGASTERIA
Premises and Processes  

of Creation in Antiquity

Ergasteria offers insights into aspects of creation, manufacture and processing in antiquity, viewing craftsmen and 
artists in their socio-cultural and geopolitical setting. New finds from Greece, North Africa, the Black Sea, Italy and 
Central Europe provide a trigger for discussion. Bronze foundries for life-size statues were the birthplace of proportions 
and harmony which imbued the perception of beauty, but could also be a source of nuisance. The mastery of modelling 
in any material evolved from coping with constraints in the course of manufacture, and craftsmen invented ways of 
overcoming obstacles. Polyvalent ateliers suggest the artisans’ adaptability, in addition to their specialisation. An 
investigation of the first step in the process, namely the extraction of material, reveals that quarries were manned with 
a specialised workforce (stonecutters, sculptors) who carved the marble volumes to an advanced stage, prior to their 
refinement. Meticulous preparation was also crucial in the field of logistics, particularly in large-scale public works, such 
as temples or fortifications. Interaction of artists with architects and the workforce in general can be primarily observed 
in sanctuaries, which became open-air workshops of stonemasons, carpenters etc. Accordingly, part of the book is 
devoted to construction-sites, the mobility of craftspeople who propelled the diffusion of knowledge, and the range of 
practices employed in individual settings thereby allowing us to grasp both the diversity of artistic expression and the 
composite population that it may reflect. The mountainous, littoral, urban or suburban space in which manufacturing 
took place is also taken into account, along with the socio-historical context, which had an impact upon artisans, as 
politics and military coalitions could instigate or disrupt a creative process. Cases of adaptive reuse are evaluated from 
the viewpoint of aesthetics, ergonomics, managerial issues concerning spolia, and the technical skills required. The 
book benefits from the intersection of the contributors’  perspectives, mirroring the multifaceted nature of the topic.
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