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The invention of mail armour ranks among the more
fascinating achievements of Iron Age technology.
Combining the rigid strength of metal with the
seemingly incompatible suppleness of woven fabric,
the concept of a protective garment composed of
interlocking rings has truly stood the test of time.
Since its adoption by Celtic warriors and Roman
legions, mail became the primary form of metal
armour worn in Europe for almost two millennia. In
various, sometimes quite distinct, forms, its use
would spread throughout Africa and Asia, as far as
the Indian subcontinent and Japan. Though
eventually made obsolete by the advances of early
modern warfare, the unique properties of mail
have ensured its survival in niche applications to
the present day.

In contrast with other, perhaps aesthetically more
attractive, types of armour, the study of mail
defences was long neglected by scholars. Even the
knowledge of their origins and manufacture
became lost to obscurity. During the 1950s, many of
these omissions were addressed by the work of E.
M. Burgess and his contemporaries, whose pioneering
efforts have been continuously revised and improved
upon by later generations following in their footsteps.
Even so, the study of mail armour remains a rather
under-reported field.
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9:00-9:25

Arkadiusz Michalak

Between rings and realms.
Technology and use of medieval
mail in the borderland of Silesia,
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and Lusatia

9:25-9:50

Piotr Kotowicz

'Lorice antique zerdzeviale'.
Notes on the mail armour in
Red Ruthenia region

9:50-10:15

Valeri Yotov

About the leg mail armour of skele-
ton No. 3 in grave 80 of Kyulevcha
necropolis

10:20-10:40

Coffee break

Opening
14:00-14:15 address
Investigating the joining of mail by
Keynote complementary techniques —
14:15-15:00 address Alan Williams metallography and neutron imaging
SESSION 1 Between the Alps and the Adriatic
Mail in the Slovenian territory between
the Middle Ages and the early Modern
15:00-15:25 Tomaz Lazar Period
Material remains of mail defences
15:25-15:50 Tomaz Nabergoj in Slovenia
Janka Istenic,
Lidija Korat Mail armour from Neviodunum
15:50-16:15 Bensa (Drnovo near Krsko, SE Slovenia)
Mail armour in the Croatian
16:15-16:40 Leon BosSnjak History Museum
16:45-17:30 Guided tour NMS Metelkova — Arms & armour collection
Buffet
17:30-19:00 dinner

SESsSION 3 Investigative approaches
10:40-11:05 David Nicolle Mail in medieval India
Mail armour in the Marzoli Museum
in Brescia. Presentation and brief
11:05-11:30 Marco Faccio insights
Mail: Evaluation of techniques of
11:30-11:55 Mark D. Chapman manufacture vs. historical examples
12:00-13:00 Lunch
SESSION 4 Construction and manufacture
13:00-13:25 David Edge Investigating solid mail links
Repair and recycling on the Roman
Martijn A. frontier. Insights from the Bonn
13:25-13:50 Wijnhoven hoard of mail armour

13:50-14:10

Sebastian Volk

Counting in tens. The mail
hauberk from Berane

14.10-14.20

Sebastian Volk

Mail armour terminology

14:25-14:40

Coffee break
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SESSION 5 Conservation and restoration

The role of conservation ethics
and decision-making in the care

14:40-15:05 Phil Parkes of mail armour
Historical approaches to conservation
and restoration of armour in the National
15:05-15:30 Natasa Nemecek Museum of Slovenia
Lea Legan,
Klara Retko, Analytical evidence of multiphase
Polonca Ropret, conservation treatments on mail armour
15.30-15.45 Eva Menart from the National Museum of Slovenia
Documentation and conservation-
restoration challenges in the case
of mail defences in the National
15:45-16:10 Zala Ursic Museum of Slovenia
16:15-17:00 Stroll through the historical city centre towards the old museum palace
17:00-18:00 Guided tour | NMS - Old Museum Palace, archaeological collections

DAY3

FRIDAY,
OCTOBER

'|'7th

9:00-18:00

‘ Bus tour to Celje and Ptuj
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Investigating the joining of mail
by complementary techniques -
metallography and neutron imaging

There has been much debate about the mass production
of mail during the Roman Empire, Middle Ages and early
Modern Period, with special attention to the questions of
forming and then joining links rapidly, when heat treatment
may have been involved.

The principal scientific technique employed to date to study
the manufacture of mail has been metallography; that is the
microscopic examination of prepared sections - a most in-
formative technique, but micro-invasive.

Recently, however, neutron imaging techniques have been
developed, which, being entirely non-invasive, are particular-
ly suitable for cultural heritage science.

1
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Between the Alps
and the Adriatic

MAIL IN THE SLOVENIAN
TERRITORY BETWEEN THE
MIDDLE AGES AND THE EARLY
MODERN PERIOD

Situated on the political periphery of medieval and early
modern Europe, the Slovenian territory illustrates a rather
complex reality of military technological transfer. Apart
from the Adriatic coastline, dominated by the Republic of
Venice and influenced by Italian fashions, its continental
parts had adopted the South German military traditions
and equipment, though with increasingly widespread ac-
ceptance of the Hungarian-style light cavalry. In the ab-
sence of significant domestic production capabilities, the
supply of arms and armour largely depended on imports -
in some cases from Lombardy and the Veneto, yet the
majority coming from South German workshops that
also set the standards followed by the local elites and
professional soldiers.

Much like elsewhere across Europe, mail represented the
primary means of defence throughout the medieval peri-
od. The long mail hauberk seems to have served as a uni-
versal torso defence until the turn of the 14* century, usu-
ally complemented by a coif perhaps more commonly
worn separately rather than joined to the hauberk itself.
Heavily armed men-at-arms would complement it with
chausses and mittens, again sometimes integral but just
as often designed as stand-alone items.

Archaeological finds from the period are consistent with
typical Western mail, characterised by a combination of
fairly large whole and riveted links. There is little doubt
that a significant quantity of mail used during the late 13
and well into the 15" century must have been procured
from North Ttaly as attested to by the documented arms
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purchases of the Counts of Gorizia (Gorz) and other leading
noble families from the Eastern Alps.

While the Eastern Alpine men-at-arms were quick to in-
corporate rigid limb defences, they were slower to em-
brace the coat-of-plates, presumably perceived as a
cheaper alternative to the hauberk. Images of mail-clad
knights continue to appear in Eastern Alpine artwork
quite regularly throughout the first quarter of the 14th
century, and the more complete transitional armour in-
cluding rigid torso protection only seems to have been
adopted en masse towards the middle of the 14" century.

Nevertheless, the shift was quite rapid. From the late 14t
century, the artwork is dominated by images of mounted
knights and footsoldiers in a more or less complete suit of
armour. Until the middle of the 15" century, the latter was
still commonly worn over a mail haubergeon, though in-
creasingly combined with mail gussets and breeches as
well as neck defences and sabatons, the latter perhaps a
mark of Italian trends despite the overwhelming prefer-
ence for German-style plate armour. Physical examples
from this era consist almost exclusively of fully riveted
mail with flattened links typical of Nuremberg or South
Germany.

Even so, mail defences remained popular among more
lightly armed troops, particularly "hussar’ cavalry that
from the late 15" century onwards became the principal
countermeasure against the newly emerging Ottoman
threat. Their armament typically consisted of a long-
sleeved mail shirt worn with a helmet, gauntlets, and
sometimes a rigid or articulated (anime) cuirass. Ideally
suited for the needs of fast-paced frontier warfare, its
concept also inspired a gradual transformation of heavy
cavalry during the later half of the 16" century, as fully
armoured men-at-arms were largely replaced by mount-
ed arquebusiers wearing a cuirass and a pair of mail
sleeves, generally of fully riveted construction and with
rings flattened only along the overlap.

13
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MATERIAL REMAINS OF MAIL
DEFENCES IN SLOVENIA

Within the realm of personal protective equipment from
the Middle Ages and the early Modern Period in the mu-
seum collections in Slovenia there are not many pre-
served examples of mail. This is due to two main reasons.
First, there are almost no collections of arms and armour
from the last two centuries, either in private posession
nor in public museums, where such pieces could have
been preserved. One notable exception is the National
Museum of Slovenia where the majority of mail armour
is kept, the most complete and very well preserved spec-
imen being a 15" century German mail shirt acquired
from the Baron Hans Kometer’s collection at the Pukstajn
Manor (north-eastern Slovenia) in 1935. Some mail sleeves
and fragments of mail armour complete the museum col-
lection. Many objects of historic armour and arms must
have been sold and taken out of the land, lost, or destroyed
in the upheavels of the 19% and 20% centuries. This regards
especially World Wars one and two, nationalization of cas-
tles and their collections, ideological biases towards nobil-
ity from the past, and consequent neglect of medieval and
modern era military legacy from the Slovenian territory.

On the other hand, there have been almost no systematic
archaeological explorations of sites which could have
yielded remnants of mail, like castles and other fortifica-
tions, not to speak about battlefields. The lack of investiga-
tions of such sites is a consequence of the late develop-
ment of systematic archaeological research devoted to the
epochs after the early Middle Ages, and of a low interest of
scholars dealing with the Medieval and early modern pe-
riods in military history as well as arms and armour spe-
cifically. There are a few mail fragments in museum collec-
tions which have been found by metal detectorists.

The preserved objects are nevertheless interesting from
the typo-chronological and technological aspects of their
manufacture. Several analyses have been made from the
archaeometalurgical point of view, as well as efforts to re-
construct accurately the making of riveted mail. The spec-
imens of mail in Slovenian museum collections shed light
on some historical aspects of its production, supply and
use in the territory of Slovenia, at the crossroads of geo-
graphic regions, political and military spheres and fash-
ion trends.

MAIL ARMOUR FROM
NEVIODUNUM (DRNOVO
NEAR KRSKO, SE SLOVENIA)

Among the artefacts from the Roman town of Neviodu-
num (modern-day Drnovo near Kr$ko in SE Slovenia)
are a lump of corroded iron mail or a large part of it, and
a small piece of another iron mail. In the talk, we will
present and discuss the characteristics of both mail
finds, as revealed through macroscopic examination,
inspection under optical microscope, and X-ray comput-
ed microtomography (micro XCT). Particular attention
will be given to the diagnostic features relevant for the
dating of the mail.
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MAIL ARMOUR IN THE CROATIAN
HISTORY MUSEUM

The Croatian History Museum houses a relatively small
collection of mail armour, which includes well-preserved
shirts as well as fragments of both European and Asian
origin. Notably, several of these pieces were among the
earliest entries in the Museum’s inventory books. Despite
their significance, many items have received limited cu-
ratorial attention. Recent restoration, completed in 2024,
has allowed for a detailed examination of most of these
mail pieces for the first time. One especially notable item
is a mail shirt recently (re)discovered in the Museum’s
depot. All mail artefacts have been systematically re-eval-
uated with the aim of providing as accurate as possible
classification in preparation for the Museum’s first per-
manent exhibition. Given the absence of documented ar-
chaeological contexts and, in some cases, unknown prov-
enance, comparative analysis with published extant
examples has been essential in this effort. The current
level of classification together with the configuration and
defining features of the collection’s most interesting mail
pieces will be presented with the aim of providing enough
data to encourage discussion and further research on
these pieces.

Between the Baltic
and the Black sea

BETWEEN RINGS AND REALMS.
TECHNOLOGY AND USE OF
MEDIEVAL MAIL IN THE
BORDERLAND OF SILESIA,
BRANDENBURG, GREATER
POLAND AND LUSATIA

This lecture will explore the evolution, application, and
gradual decline of mail in the borderland of Silesia, Great-
er Poland, Brandenburg and Lusatia, from the 12 to the
15* century. Drawing on both iconographic and archaeo-
logical evidence, it will demonstrate the shifting role of
mail in medieval military equipment under increasing
pressure from advancing weaponry, such as crossbows.
Despite its proven vulnerabilities, mail retained a crucial
protective function well into the late Middle Ages, often
used in conjunction with textile gambesons and later with
plate reinforcements, such as brigandines and cuirasses.

Iconographic sources, including effigies and altar panels,
confirm the widespread use of complete mail shirts and
accessories - coifs, collars, sleeves, and armpit guards -
well into the 15% century. Detailed descriptions of knightly
effigies, such as that of Prince Henry IV of Zagan, provide
insights into the integration of mail with emerging plate
elements, and the adaptation of mail to new tactical needs,
including its use as a connector between rigid armour com-
ponents.

Archaeological evidence further substantiates these ob-
servations. Nineteen examples of mail recovered from
Krosno Odrzanskie, Miedzyrzecz, Santok and Zagan re-
veal diverse manufacturing techniques - riveting, weld-
ing, and punching - and a broad range of ring sizes and
construction methods. Notably, the Miedzyrzecz castle
yielded fragments from five chronological phases (from
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1269 to the end of 15" century), mirroring the historical
trajectory of mail armor use: from its dominance to its
relegation as supplementary protection. These finds align
with broader Western European trends in mail technolo-
gy and usage.

The data presented enhances our understanding of re-
gional military practices and technological transitions in
armour development, emphasising not only the resilience
of mail as a functional defence over centuries but also its
dynamic adaptation in the face of evolving threats and
materials. The study contributes to the growing body of
knowledge on transitional armour and the interplay be-
tween archaeological material culture and martial ico-
nography in medieval Europe.

'LORICE ANTIQUE ZERDZEVIALE'.
NOTES ON THE MAIL ARMOUR IN
RED RUTHENIA REGION

The paper focuses on presenting the problem of mail ar-
mour in the territory of medieval Red Ruthenia, the south-
easternmost part of the Polish Kingdom, formed after
1340. Information about this type of armour is known pri-
marily from written sources, mainly documents regard-
ing the military duties of local nobility, mayors, and vil-
lage heads. There are also mentions of the L'viv makers of
such defences and their prices. Unfortunately, the ar-
chaeological base for the existence of mail from this ter-
ritory is very modest. We know almost nothing about the
mail recovered from the Styr River (Ukraine), which is
broadly dated to the 15" and 16" centuries. The only find
confidently dated to the second half of the 14™ century is

a fragment discovered during excavations of the Market
Square in Krosno (Poland). This source base is supple-
mented by a presentation of iconography, connected with
both Latin and Orthodox circles, where we have the rep-
resentation not only of hauberks but also other parts of
mail armour, such as collars, mail breeches or chausses.

ABOUT THE LEG MAIL ARMOR
OF SKELETON No. 3 IN GRAVE
80 OF KYULEVCHA NECROPOLIS

Of the dozens of studied Proto-Bulgarian pagan necropo-
lises and single graves from the time of the First Bulgarian
Kingdom, there are relatively few cases of deposited weap-
ons and equipment. The offensive weapon is represented by a
total of 12-15 sabers, battle axes and spears. The equipment of
the horse and rider is represented by the same number of stir-
rups, spurs and bridles. The least numerous are the defensive
weapons, consisting of single plates of armour.

Against this background, one find, at skeleton No. 3 in mass
grave 80 of the Kyulevcha necropolis (not far from the first
capital Pliska), is an exception. It represents a tight weave of
iron rings that covers the upper part of the sole of the left
foot to the ankle of a male individual.

Two main hypotheses have been advanced to explain the
mass graves (only two cases in total) in Proto-Bulgarian pa-
gan necropolises. In the case of the circular structure in the
Devnya 3 necropolis, not discussed further in the present pa-
per, women and children were beheaded and buried in con-
nection with the dramatic events surrounding the conversion
of the Bulgarians after 866.
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The second case concerns the mass grave in the Kyulevcha
necropolis, directly relevant to our discussion. In a pit about
10 m long and at a shallow depth, the skeletons of 25 young
men (most of them in a distorted anatomical order) were
placed and the hypothesis is that they were killed during
the invasion of the summer of 811 by the Byzantine emperor
Nikephoros I Genicus north of the Balkan Mountains be-
fore the capture of the capital of the Khanate of Pliska.

This hypothesis is very likely and is supported by what
was also studied in this necropolis: the grave of a warrior
with a horse; two spurs (not typical of nomadic horse-
men); details of a warrior’s belt, etc.

INnvestigative
approaches

|
MAIL IN MEDIEVAL INDIA

Mail armour was certainly used in medieval India and
had also been widely used by those who influenced Indi-
an military technology before the Islamic invasions of the
9t to 15 centuries CE. Furthermore, there are reasons to
believe that Sassanian armour styles and technologies
had a significant impact within the north-western prov-
inces of the Indian subcontinent. Whether this extended
further south and east, and to what degree, remains
problematical. Thereafter mail became increasingly im-
portant across much of the Indian subcontinent during

20

the medieval period, largely as a result of Islamic military
pressure, cultural influences and trading links.

A widespread belief that, while only light armour was
used in India during the early medieval centuries, Indian
armour later became heavier - along with an increased
use of mail - appears to be justified. In a clear attempt to
combine the flexibility of mail with the anti-penetration
and shock-absorbing capabilities of plate armour, a new
form known as mail-and-plate was developed within the
eastern Islamic lands during the latter part of the medieval
period. This style would become very popular throughout
India among both Islamic and non-Islamic forces, pre-
sumably because it was relatively light and could even be
described as well ventilated.

Archaeological and Textual Evidence
Very little mail remains from this period within the Islam-
ic Middle East and eastern regions and none, as far as I am
aware, have been found within a medieval Indian context.
Meanwhile, those ancient and early Indian texts which
refer to armour rarely offer much detail. In contrast, east-
ern Islamic and Indo-Islamic written sources are easier
to interpret. For example, the specifically Indian loha-jal
and loha-jalika, literally meaning 'iron net’ or ’little iron net,
was a form of armour probably of mail rather than scale or
lamellar construction. The term kavaca or kavacha was
more commonly and perhaps more broadly used, but the
contexts could indicate a lamellar, scale or mail construc-
tion. Nevertheless, this armour’s vulnerability to arrows
might indicate mail rather than scale or lamellar.

Pictorial evidence

Representations of arms and armour in ancient and me-
dieval Indian art are notoriously difficult, and sometimes
impossible, to interpret with confidence. With rare ex-
ceptions, the question of whether any such materials
were mail or mail-lined remains a matter of interpreta-
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tion. One exception is a superb 7" or 8% century CE wall
painting of magnificently attired military figures from a
Buddhist monastery in Funduqistan in Afghanistan
which includes a faithful illustration of a perhaps sleeve-
less mail shirt. Similarly, the battles on 11""-12* century
CE wall paintings in the cave temple at Ellora include sev-
eral warriors almost certainly wearing mail armour.

Mail can also be found, though very rarely, in later medi-
eval temple, and other, carvings from central and south-
ern India from the 13" century CE onwards.

Things get considerably easier where later medieval In-
dian manuscripts are concerned, even though the dating
of several late medieval or very early modern Indian
manuscripts remains a matter of debate. What is obvious
is a strengthening of both artistic and technological in-
fluence from the Islamic World. This is accompanied by
increasingly clear illustrations of mail armour. Neverthe-
less, persistent differences in the style of such mail, mail-
and-plate, and mail-lined soft armours also highlight the
persistance of earlier Indian technological and military
traditions.

MAIL ARMOUR IN THE MARZOLI
MUSEUM IN BRESCIA. PRESENTA-
TION AND BRIEF INSIGHTS

Between 2024 and 2025, I conducted a systematic and en-
tirely new study of the mail armour collection preserved
at the Museo Marzoli in Brescia, with the authorization
and valuable support of the curator, Dr. Merlo. This re-
search resulted in the first comprehensive photographic
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survey of the collection and in the identification of almost
all the pieces, with only four or five items temporarily ex-
cluded, pending further analysis. The project included
detailed photographs of each artefact, displayed on a
mannequin to highlight structural features, precise
measurements, and a preliminary examination of their
main characteristics. This approach provided an un-
precedented overview of the collection, revealing several
items of significant typological interest, worthy of schol-
arly attention and intended for inclusion in the next offi-
cial catalogue of the Museo Marzoli.

The work was carried out both on-site and off-site, requir-
ing numerous full-time days of activity. Approximately for-
ty mail pieces were examined, coming from the museum’s
storage and from the permanent exhibition, often con-
cealed beneath plate armour that were dismantled and
subsequently reassembled. The data collected was com-
pared with iconographic documentation and digital re-
cords from public and private collections worldwide, in
order to refine the identification of various artefacts. For
each piece, a dedicated descriptive record was produced,
the outcome of a process that further developed my spe-
cialist expertise in the field, with the aim of achieving a
consistent and reliable classification.

The identification method applied required the full extent
of my current knowledge and skills, while also raising new
questions and encouraging the formulation of hypotheses
and interpretative lines still under investigation. Although
this presentation will not include a full description of the
methodology - which will instead be detailed in the com-
plete study catalogue currently in preparation - the process
has provided a solid foundation for future scholarly dis-
cussion... T hope. No metallurgical analyses were performed
on the pieces studied, at the moment.

The analysis made it possible to examine in their entirety
several items of mail armour that had long remained hid-
den from view, originating from a variety of geographical
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areas and chronological contexts. Notable examples in-
clude two bishop’s mantles virtually identical to others
preserved in major international institutions such as the
Wallace Collection, the Saint Louis Art Museum, and the
Burrell Collection, suggesting a form of serial production
for a specific patron. Two shirts of mail can be plausibly
attributed, on the basis of manufacturing characteristics,
to the 14™ century, along with other examples of exception-
al workmanship, clearly indicating high production quali-
ty and significant manufacturing costs. Particularly note-
worthy is a mail piece of probable Italian manufacture
which, although requiring further confirmation, could
represent a rare late-15"-century mail skirt (gonnella), and
thus merits further study.

The historical catalogue records preserved in the muse-
um archives, compiled several decades ago, offer only
brief and nearly useless descriptions, with imprecise dat-
ing, and are therefore inadequate for rigorous scholarly
analysis. The new survey, supported by updated photo-
graphic and descriptive documentation, seeks to fill this
gap by providing a reliable tool for both the preservation
and dissemination of the collection.

The presentation prepared for the National Museum of
Slovenia symposium will offer a visual overview of the
items studied at the Museo Marzoli, accompanied by brief
in-depth analyses of the most significant items. The aim is
to share the findings of this investigation, allowing the re-
search community to have access to new museum refer-
ences to compare and study.

MAIL: EVALUATION OF
TECHNIQUES OF MANUFACTURE
VS. HISTORICAL EXAMPLES

For more than a thousand years mail was produced in vol-
ume across Europe, the Middle East and India, yet no docu-
mentation exists of the actual process steps involved. The
only period woodcut illustrations are of the final assembly
step yielding no clues to the precursor steps and few to the
final assembly process. From these woodcuts it appears
that a hammer, small anvil, and tongs were involved in the
final garment assembly, but little else is shown. As an exam-
ple, simple reverse engineering of the flattened mail links
can identify necessary steps in the process; wire drawing,
coiling the wire, cutting links free from the coil, flattening
the links, overlapping, flattening the overlap, piercing and
finally clenching the rivet/shaping the overlap area.

The key steps in the process that determine the final form
are; the cutting of individual links from the coil, flattening or
not flattening the link wire, the piercing of the overlap re-
gion and then the clenching and forming of the overlap re-
gion. A forensic examination of existing mail links in com-
parison to proposed manufacture techniques can yield
confirmation or denial of proposed methods and tools used
in the process. Tool marks present on the mail also provide
clues to the tools involved and how much wear is present
post-manufacture.

Proposed tools, manufactured via techniques appropriate
to the 12" to 15" centuries will be presented. Concentration
will be on wedge riveted mail. An evaluation of the mail
links made with these tools will compare link to link consis-
tency as well as the degree to which they duplicate the form
and manufacturing artifacts of historical European mail.
It should be noted that methods of reproduction are
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extremely sensitive to wire size and require significant fine
adjustment to produce the desired result. New insight into
a possible more practical tool approach will also be pre-
sented.

Modern reproduction mail is typically made from mild
steel wire. In this study, conclusion from the mild steel link
manufacture are also checked against reproduction mail
made from pre-17" century charcoal forged wrought iron
hand drawn into wire to confirm that conclusions are not
biased by the use of modern materials.

Each process step is examined to determine: 1) is it neces-
sary? 2) is the tool used appropriate to the medieval peri-
od? 3) do resulting microcharacteristics that continue in to
the finished link match existing historical mail? 4) if there
are alternate tools that can do the job, was each used in
period, and can we distinguish which was actually used?

Finally, the key step for the final shape of the overlap region
is believed to be set by a die process involving the setting
tongs used. Experiment has shown that the final result is
extremely sensitive to wire size vs. the size of the wells in the
clenching tongs. This sensitivity appears to be at the sub 0.2
mm level. The medieval craftsman could not afford to make
multiple tongs until one turned out correct. Thus, methods of
manufacture and adjustment are key factors in determining
how this key tool was manufactured and fitted to a particular
wire size link.

Finally, two resulting patches of reproduction mail will be
compared: one fresh from manufacture and one that has been
subjected to weeks of tumbling in a rock tumbler with grit to
simulate wear. They will be compared to see what this can tell
us about the blurring of initial manufacturer characteristics.

Construction
and manufacture

INVESTIGATING SOLID MAIL LINKS

Traditional metallographic analysis of individual solid
(as opposed to riveted) links of mail has been able to
shed some light on the methods of their production.
Modern ‘non-invasive’ techniques such as neutron dif-
fraction are increasingly being used to augment this
research, although the results may not necessarily be
as useful as hoped. The creation of a broader database
of analysed specimens, now in the process of assembly,
should help to improve our knowledge of how solid links
of mail were made.

REPAIR AND RECYCLING ON

THE ROMAN FRONTIER. INSIGHTS
FROM THE BONN HOARD OF
MAIL ARMOUR

The Bonn hoard, a remarkable find in Germany, offers
valuable insights into the resource management practic-
es of the Roman military along its northern frontier. This
study explores the intersection of recycling, repair, and
urban connections in the Roman military economy. The
hoard, consisting of over 14 kg of mail armour, reveals how
the Roman army’s self-reliance in equipment production
led to efficient recycling strategies. The paper investigates
the motivations behind the deposition, shedding light on a
likely stockpile of mail repair materials in a Roman vicus.
This discovery underscores the complexity of resource
management within the Roman military and its urban
surroundings.
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COUNTING IN TENS.
THE MAIL HAUBERK FROM
BERANE

This explores arguably the only surviving example of a
mail hauberk with an integrated coif, shedding light on
its construction, origin, and historical context. The mail
coat was discovered by locals in the 1930s near Berane,
Montenegro. Its precise find location and its archaeologi-
cal context are uncertain, yet its condition is remarkably
well preserved, given the uniqueness of the object and
the circumstances. Before this investigation, it was hy-
pothesised that it may represent a European hauberk
from the 11" to the 13" centuries. Examination of the coat,
notably its design and adherence to the decimal system,
suggests a non-European origin, likely Ottoman, dating
back to the second half of the 15" century.

In order to understand and preserve the object, the miss-
ing rings were systematically filled in with look-alike, but
distinguishable, replacement rings. The now-reconstruct-
ed shape gives hints to how its makers practically ap-
proached the making of the armour and who they were.
This involves demonstrating new methods of using pat-
tern transitions and orientation of the rings to backtrace
the assembly of the garment, including the reconstruc-
tion of missing areas. There are so far unseen functional
considerations in the garment’s design, like the skewed
placement of the coif for left-facing fighting styles, such
as the Parthian shot manoeuvre. This study also intro-
duces a novel perspective on the connection between nu-
meral systems and mail garment construction, offering
insights for broader applications in material culture re-
search.

|
MAIL ARMOUR TERMINOLOGY

The topic of mail armour was long neglected by scholars -
overall, yet especially regarding its manufacture and oth-
er practical aspects. With the recent renaissance of the
lost craft of mail-making and shaping it becomes more
and more obvious that a consistent and standardised ter-
minology for mail armour is lacking. There are a handful
of phenomena and points of interest unique to mail ar-
mour that no neighboring fields of research, such as tex-
tiles or plate armour, can cover. Hence, such terminology
is required for further facilitating the exploration and
highlighting the particularities of this craft. The mail ar-
mour symposium Link by link in Ljubljana is the first in-
ternational convention of experts in the field of its kind
and provides a perfect opportunity to establish and agree
on such a vocabulary.

A collection of phenomena is presented including weave
patterns, deviations from weave patterns as well as the
orientation of the patterns in relation to other sections of
weave and/or the garment. Furthermore, a variety of
seams and the assembly of garments from sections is
brought to public awareness. As far as the time-frame al-
lows, the shape of individual rings is also covered. All is
done with the intention to find common words useful for
describing the nature of mail armour. To this end, a col-
lection of photos is prepared for the symposium as well
as a list of terms already in use. These terms, sometimes
in conflict with each other, need to be evaluated regard-
ing their practicability and current spread of usage. In
many ways, new terms will be presented by the speaker
or need to be found through interaction with the audi-
ence. The outcome of that will be documented in an arti-
cle about the symposium by Sebastian Volk.
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THE ROLE OF CONSERVATION
ETHICS AND DECISION MAKING IN
THE CARE OF MAIL ARMOUR

Mail armour has been used and repaired both during its
active lifetime and subsequent role in collections and dis-
plays. This presentation will look at conservation ethical
frameworks and the decision-making process around the
repair and conservation of mail armour. The use of careful
study and object significance statements will be consid-
ered and their use in practice illustrated with case studies.
There is no ‘right way’ of carrying out conservation on
many objects and the use of an informed decision-making
process and thorough documentation is essential for the
preservation of armour without compromising future
study and care.

HISTORICAL APPROACHES
TO CONSERVATION AND
RESTORATION OF ARMOUR
IN THE NATIONAL MUSEUM
OF SLOVENIA

The conservation-restoration profession in Slovenia has
its roots in the early days of the Provincial Museum of Car-
niola in the 19™" century. This tradition has been an integral
part of the activities of its successor institutions ever since.
Today, the National Museum of Slovenia continues this leg-
acy through its Department of Conservation and Resto-
ration, which is the largest museum conservation-resto-

ration department in the country. The department
employs eleven specialists, each focusing on specific areas
that are generally divided into archaeological and cultur-
al-historical materials.

The restoration of arms and armour in Slovenia is a rela-
tively new field within conservation-restoration. Accord-
ing to departmental records, systematic work began in
the 1962 when Ferdinand Tancik was hired as a conser-
vator, then referred to as a preparator. This field first
gained prominence when numerous historical weapons
were restored for a new permanent exhibition at Bled
castle in 1967 and later for the 1971 exhibition under
Tancik’s supervision titled Arms and Armour from the
Settlement of Slovenians to the End of the 17" Century,
which showcased the evolution of military technology.
Following his graduation with degrees in history and art
history, Tancik became the National Museum’s first cura-
tor specializing in arms and armour. Unfortunately, his
professional career was tragically cut short by his un-
timely death in 1973.

According to the sparse descriptions from the depart-
ment’s documentation in March 1963, we assume that the
mail shirt currently on permanent display at Metelkova,
along with three mail sleeves, had been restored during
preparations for the exhibition of the National Museum at
Bled Castle. During the 1960s, standard conservation-res-
toration methods included electrolytic cleaning, and the
use of strong acids prevailed.

Due to inadequate working conditions, arms and armour
restorers were frequently replaced. Until the 1990s, the
museum lacked a specialist in this field. In 1994, a new re-
storer specializing in arms and armour was hired, trained
as a mechanical engineer. Since the museum lacked expe-
rience in this area, the head of the department decided
that the new restorer should gain practical knowledge
through education abroad. As a result, the restorer com-
pleted a three-month training course at the Wallace Col-
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lection in 1995. This period marked a shift in conserva-
tion-restoration methods. Instead of relying on electrolysis,
the focus shifted to the use of acids and mechanical clean-
ing techniques.

The symposium Link by link: New insights into mail ar-
mour now serves as an opportunity to analyse the state of
past interventions, assess their suitability, and explore more
effective procedures for the future conservation-restoration
of arms and armour in the National Museum of Slovenia.

ANALYTICAL EVIDENCE OF
MULTIPHASE CONSERVATION
TREATMENTS ON MAIL ARMOUR
FROM THE NATIONAL MUSEUM
OF SLOVENIA

Mail armour, composed of interlinked iron rings, rep-
resents one of the most widespread forms of personal pro-
tection in Europe from antiquity to the early modern peri-
od. The subject of this study were three mail sleeves (inv.
nos. N 35370, N 35372, N 4584) from the collection of the
National Museum of Slovenia, which were preliminarily
analysed by X-ray fluorescence spectrometry (XRF). XRF
analyses revealed substantial amounts of phosphorus and
zinc on the iron surface, indicative of zinc phosphate con-
version coating. The objects were further investigated by
means of Fourier-transform infrared (FTIR) and Raman
spectroscopy. The analyses revealed a complex sequence of
conservation treatments carried out during the 20® century,
reflected in both inorganic and organic surface residues.

Detected components include wax coatings, hydrated zinc
phosphate (hopeite, Zn,(PO,).,-4H,0) indicative of chemical
passivation, modern synthetic polymers (acrylic copoly-
mers, epoxy resin), tannins forming iron-polyphenol com-

plexes, and proteinaceous residues from older adhesive ap-
plications. Iron oxides additionally record the corrosion
history of the objects.

The combination of traditional protective materials with
modern consolidants illustrates the development of conser-
vation practice from the mid-20" century onwards. These
findings provide new insight into the conservation history
of mail armour and contribute to the understanding of the
long-term stability and impact of different treatment strat-
egies.

DOCUMENTATION AND
CONSERVATION-RESTORATION
CHALLENGES IN THE CASE OF
MAIL DEFENCES IN THE NATIONAL
MUSEUM OF SLOVENIA

The arms and armour collection of the National Museum
of Slovenia contains several pieces of mail armour that
have been subject to conservation-restoration treatment
multiple times in the past, primarily for the needs of vari-
ous exhibitions or catalogues. However, after occasional
attention from curators and conservators, the individual
pieces were returned to the depot, where they were stored
in a disorganised and inappropriate manner in various
boxes and improvised supports. Without consideration of
the problem of storage and presentation, they once again
waited for the next opportunity to see the light of day.

Such an opportunity presented itself in the spring of 2025,
when we began preparations for the October symposium
on mail armour. Upon arrival in the conservation work-
shop, the mail fragments were temporarily stored in a
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cardboard box, individually wrapped in bubble wrap and
paper. Improper storage had worsened the already rather
poor general condition of the fragments, and constant fric-
tion during transportation and handling caused damaged
rings to fall off. The upcoming symposium presented an
opportunity for a comprehensive and in-depth conserva-
tion-restoration treatment of the mail inventory; our goals
were to produce clear graphic documentation, research
the method of tailoring and construction of individual
pieces, review and evaluate past conservation-restoration
interventions, present the fragments to the professional
audience at the symposium, and resolve the issue of dam-
age repair and long-term storage.







