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1. Introduction

The discovery of the tomb of Tutankhamun in 1922 by Howard Carter (Carter and Mace
1923; Carter 1927 and 1933) is one of the most important and celebrated archaeological dis-
coveries of modern times.! The king, who died prematurely when he was about 19, having
ruled Egypt for nearly 10 years (c. 1313—1323 BC), was buried in a small tomb in the Valley
of the Kings, near present-day Luxor. His body was accompanied by a large number of goods
to ensure a safe passage from this world to the next, as well as a comfortable and royal exist-
ence in the Afterlife, including furniture, chariots, clothing and food as well as weaponry.
One of the lesser-known objects in his tomb is a cuirass (Carter 1933, 143; Carter No. [CN]
587a;2 JE 62628; Exhibition No. 1674; SR1/880, GEM 11655; Figure 1), which is made of
rawhide scales that are attached to leather and cloth and is the subject of this article.

This work could not have been undertaken without the generosity of the Ministry of Antiq-
uities and Tourism that gave us access to the collections and encouraged collaboration. We
are indebted to various colleagues for their insights, discussions, and overall help over the last
twenty years, and would like to particularly thank: Sabah Abdel Razek, Mokhtar Abdo,
Mohammed Ayyad, Safwat al-Sayed, Omaima el-Said, Sohir el-Sawi, Hussein Kamal,
Mohamed Mahran, Nagmeldeen Morshed, Islam Morsheed, Hassan Mohamed, Mennat Allah
Mohammed, Martin Moser, Eman Nagaty, Mohamed Saleh, Tareq Tawfik, Mohammed
Yusri, and the Griffith Institute, Oxford.

1.1 Discovery

The cuirass was found in a small wooden box (CN 587) in the Annexe (Figure 2), together
with several other items (a fyt faience amulet, a pair of sewn sandals made of vegetal materi-
als, and a glass djed amulet). The box lay on top of a pile of objects, including baskets, ala-
baster lamps, and other wooden boxes. The box’s lid was missing, and no mention of it exists
in Carter’s records. A bedstead (CN 377) lay over the box and appears to have partially cov-
ered its opening.

* American University in Cairo (Egypt); ¥ Esplanade Museum, Medicine Hat (Canada); ¥ ICLT, University of
Northampton (United Kingdom).

! The documentation by Carter and his team (including all photographs by Harry Burton) is now housed in the
Griffith Institute in Oxford and available online http://www.griffith.ox.ac.uk/discoveringTut/.

2 On the numbering of the finds, see Murray and Nuttall (1963).
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The cuirass was the only piece of armour that was found in the tomb, and as there are no
other (near-)complete examples of organic scale armour known from New Kingdom Egypt, it
is a unique find. Other archaeological evidence for Egyptian armour does exist, however.
Individual bronze scales dating to the New Kingdom have been found at various sites, includ-
ing Lisht, Malqata, and Pi-Ramesse/Qantir (see Hulit 2002, 145-149 for an overview).
A single rawhide scale is described from New Kingdom Tell el-Amarna (Veldmeijer 2011a,
179; Figure 3), and a section of a later, first millennium BC scale armour is attributed to the
reign of Shoshenq (Hulit 2002, 6). Given the paucity of archaeological finds, it is not surpris-
ing that our knowledge of armour from pharaonic Egypt for some 130 years has largely been
based on depictions from tombs such as those of Ramesses III (Champollion 1835, plate 262),
Kenamun (Davies 1930, 27-28), and Paimosi (Davis 1963). Thus, this find from the tomb
of Tutankhamun allows for a unique insight as to the actual appearance and construction of
ancient Egyptian armour, how it functioned and protected the wearer, as well as further elu-
cidating leathercraft.

1.2. The Post-Excavation History of the Cuirass

After recovery, the armour was photographed by Harry Burton and, together with the
majority of finds, taken to the Egyptian Museum (Tahrir, Cairo) where it (or portions thereof)
seems to have been on display, at least for some time, sporting the exhibition number 1674.
It appears in early governmental guidebooks (No Author 1932), which are reprinted into the
end of the 20" century, and not always updated in terms of changes made to the collections
(the cuirass is still mentioned in the 1992 version; No Author 1992). According to the Special
Register book and information kindly provided by Sabah Abdel Razek, Director of the Egyp-
tian Museum, at one point the cuirass was kept in room P25 (currently the gallery that houses
the Yuya and Tjuyu material), Case 112, with portions stored possibly in the lower part of the
case. At some point, probably in the late 1980s, it was moved to storage in P.3W (the room
containing Tutankhamun’s mask). During research visits to the Egyptian Museum in 1998,
2000, and 2004, one of the present authors (Thomas Hulit) was granted the opportunity to
study the cuirass, when it was taken out of storage from P.3W. With the construction of the
Grand Egyptian Museum (GEM), the decision was made to move the cuirass to the Museum’s
Conservation Centre (GEM-CC). There the remains were most ably and professionally con-
served and prepared for exhibition. The GEM-CC administration generously gave the authors
several opportunities to observe the cuirass together with their colleagues of the GEM-CC, for
which we are most grateful. In addition, the authors have carried out a detailed study of the
high-resolution digital image of Burton’s photograph of the cuirass in the box, which proved
indispensable for our understanding of the construction of the cuirass now that so little of it
is actually preserved. This information is complemented by the results of recent experimental
work on leather and leather-scale production. Moreover, new relevant publications proved to
be helpful in our understanding of ancient Egyptian leathercraft as well as the way leather
preserves or decays over time. These combined studies have led to a re-evaluation of and
new insights about the cuirass, superseding earlier studies (Hulit 2002 and 2006; Hulit and
Richardson 2007).
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2. Description of the Cuirass

Carter’s description of the cuirass is terse and appears on only three tomb cards. On 587a-1:
“A leather cuirass upon a linen basis, crumpled up and cast into the box”. On 587a-2: “leather
attachment to linen basis. Leather straps holding the leather scales in place. Linen basis com-
prises six folds of linen. Red leather. The scales in the various rows range from 2.3 to 2.5 cents
in length. Ridge”, accompanied by a sketch of some scales and their mode of attachment on
a 1:1 scale. The final card, 587a-3 is devoted to the conservation treatment (see below section
‘2.1. Condition’). Unfortunately, Carter did little further work to document this unique object.

2.1. Condition

Carter (1933, 143) mentioned that the cuirass had been thrown into the box and was “too
far decayed for preservation”. However, Burton’s photograph (Figure 1) shows the armour in
what appears to be a complete and unbroken state, although crumpled up, inside the box. At
least the side that is visible in the image (see below) was still in a fair condition, especially
compared with the large majority of leather from the tomb, all of which had almost com-
pletely deteriorated beyond recognition due to the high humidity in the tomb.? The photo-
graph shows some cracks in the leather on the left-side of the armour (see below), indicating
that some gelatinisation* and embrittlement had taken place. The appearance of the cuirass is
deceptive, and it is likely that the skin was already severely chemically decayed. Microcli-
mates, which are formed in air pockets between the folded layers of the cuirass, may have
trapped moist air, causing the leather linings and layers of scales to begin to gelatinise and
become stuck together inside the box, with the upper, exposed section being better preserved.
The sewn sandals and other objects underneath the cuirass might also have provided a clue to
the condition and the preservation of the cuirass: if the leather was badly gelatinised, the pair
of sandals might have been stuck to it. Unfortunately, the sandals’ find card (587c) does not
offer a clear solution due to the somewhat enigmatic statement that the pair is “not accessible
owing to their being under the cuirass”. Possibly this indicates that they were stuck to it rather
than simply lying underneath, because otherwise they would have become accessible after the
cuirass had been removed from the box. No notes survive that inform us on any conservation
that was carried out on the sandals. Sadly, the sandals were not identified with certainty
among the collection of footwear that was studied in the Egyptian Museum (Tahrir, Cairo) as
some of Carter’s numbers had been mislaid in the decades since the objects came to the
Museum (Veldmeijer 2011b, 50-51).° It is also possible that the sandals were discarded as
they were too badly affected by the decaying leather. In addition, no mention was made of

3 See Veldmeijer et al. (2013, 259-260) on the high humidity in the tomb. For example, the chariot leather
(Veldmeijer and Ikram 2018) and the leather footwear (Veldmeijer 2011b, 35-41, 147-148 and the entries on the
leather sandals and shoes).

4 Gelatinisation is a non-scientific term used to describe the severe denaturing of the skin protein, collagen (see
e.g. Haines 2006), whereby the triple helix chains have broken apart due to hydrolysis (hydrolysis can occur rapidly,
but with ancient leather it can also happen very slowly, over millennia). The broken chains will unravel in humid
conditions and the skin becomes soluble and sticky, at worse, totally dissolving to form hide-glue (gelatine is a pure
form of collagen glue — hence the term ‘gelatinisation’).

3 There are no sewn sandals with large quantities of decayed leather on them, but the sandals might have been
cleaned by Lucas without writing a note about it, or perhaps even later by museum conservators.
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any decayed leather from the cuirass dripping onto any of the other objects underneath it in
the box, leaving us with no clearer idea either.

Carter’s card 587a-3 outlines the conservation measures employed on the cuirass. The
information is in handwriting on headed notepaper of the British Museum (London). The text
reads: “Treatment for Cuirass-leather 587 A. Amyl Acetate, Acetone, mix equal quantities
(vol), Add celluloid to give 2 %2 % sol". To this add pure castor oil and shake up. Until no
further solution. Wash finely with celluloid solution if necessary.” It is possible that the note
was sent from the British Museum with this advice, or, far less likely, a conservator from
the Museum was travelling with notepaper and scribbled down this treatment solution for the
conservation of the cuirass. There is evidence of this treatment on the surfaces of many of
the remaining scales, in the form of a yellow crust. The celluloid/castor oil mixture may have
originally been transparent, but it has yellowed with age.

The treatment was a failure, and it might have even accelerated the decay rather than stop-
ping it. Currently, the armour is in much poorer condition than when it was found (Figure 4),
although this is often the case with organic material after it has been removed from its origi-
nal context. The cuirass is broken into several pieces, and it appears that more than three
quarters of the armour is missing. Two larger sections remain, in which the scales are still
laced together; one of these retains the linen backing (Figures 4A—D). The condition of the
larger fragments of the cuirass is much compromised. One of the sections has a few scales
that are distorted and bent in places where the armour was folded to fit into the box. The
distortions that now exist are the result of the rawhide’s softening in the humid atmosphere in
the tomb, together with being stuffed casually into a box of unsuitable size by the ancient
Egyptians who cleaned up the tomb after it was violated by tomb robbers, and thus being
placed under certain pressure for more than three millennia. Subsequent gradual stabilisation
in the level of humidity in the tomb allowed the softened rawhide to re-harden over time,
permanently setting the distortions in the scales. It is unclear where the missing parts of the
cuirass are; were the very deteriorated and the unsalvageable portions discarded by the exca-
vators after the failed conservation attempt, or later on by museum personnel? Once at the
Egyptian Museum (Tahrir, Cairo), the larger pieces of the cuirass were stored in a new box,
and the loose scales carefully placed in a small tray (Figure 4E, F). Over two hundred loose
scales are present. For some of these scales it is possible to identify the section to which they
belong, although their precise individual position in the cuirass can no longer be established.

2.2. Technological Details

From our studies and the photographic evidence, it would seem that the cuirass takes the
form of a sleeveless shirt, unlike the short-sleeved one proposed elsewhere (Vogelsang-
Eastwood 1999), that is closed along the back rather than the front and is further secured at
the shoulders. There is an inset(?) of leather protruding from the backing that forms a collar
to protect the neck. The shirt is created with a leather/linen base with overlapping rawhide
scales with vertical impressed ridges attached onto it. The scales are of different sizes depend-
ing on their location on the cuirass. The lower parts of the sides differ from the rest of the
cuirass as an extra set of lacings criss-cross the recto, allowing for greater mobility and pro-
tection. The backing here is of leather only. The whole cuirass was brightly coloured red and
green, a common combination in Egyptian leatherwork (see Veldmeijer and Ikram 2018).
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2.2.1. Materials

Initial examination of the remnants of the cuirass in November 1998 suggested that the
scales were made of alum tawed leather (Hulit 2002, 88), which is a process whereby the hide
is cured with a solution of alum and common salt (see e.g., Waterer 1956, 150, 154-155).
Upon a second examination in February 2000, it appeared that the scales were in fact made of
untreated rawhide (Hulit 2002, 88). Recent investigations and considerations by the present
authors confirmed the identification of the scales as rawhide.

The raw material used for armour must have several physical properties in order to function
appropriately. First, it needs to be strong enough to protect the wearer from arrows and other
weapons. Second, it needs to be possible to cut the material and to retain a moulded shape and
rigidity when dry. Rawhide has these characteristics rather than alum tawed skin (Cheshire
2014, 74), because the increased porosity in tawed leather (due to the coating of the collagen
fibres in the alum, resulting in the inability of the fibres to collapse and stick together when
the skin dries) means that such leather retains flexibility upon drying and would not provide
the required density and stiffness that is needed for cuirass scales.

Rawhide is animal skin in its most basic form and requires little processing after removing
the skin from the animal and scraping the inside (flesh) surface clean. As water is removed
during drying, the fibrous proteins forming the structure of skin collapse and stick together,
creating a rigid and stiff sheet material. In this state rawhide has reasonable resistance to pen-
etration (Cheshire 2014, 72).

Methods were invented, particularly in Europe during the Medieval period, to increase the
hardness of rawhide even further, using a method known as cuir bouilli. This involves heating
rawhide in water until the skin is on the verge of shrinking (the collagen begins to denature),
and then processing it as one does untreated rawhide. Rawhide that has been treated by cuir
bouilli increases in translucency (Cheshire 2014, 72). In the cases where it is possible to see
the cross-section of the scales of the cuirass, one can observe the lack of visible fibres, and
translucency to the structure in the centre of the scales. The appearance of cuir bouilli and
degraded hide, however, can be the same when the skin is viewed in cross-section® and it is
not possible to say whether this translucency results from a cuir bouilli type of treatment dur-
ing the original cuirass manufacture, or whether it is due to degradation of the collagen owing
to three millennia of entombment and the various conservation treatments.

As no samples of the armour were obtained for proteomic analysis,’ it is impossible to
ascertain the species of animal from which the hide came. The thickness of the material, vary-
ing from approximately 1.3 to 2.5 mm (see section ‘2.2.2. The Scales’ below) would suggest
cattle hide — goat or sheepskin rawhide has a thickness of less than 1 mm (Skinner et al.
2020).

The leather laces are flexible, not translucent, and at least in some areas, such as Section 5
(Figure 5B), they were stained red. They have a more open-fibred appearance than the scales,
suggesting that they have been tawed using alum, or, more likely (if typical New Kingdom

¢ Even tanned/tawed leather will become translucent when the collagen denatures and loses its fibrous structure.

7 In summary, proteomic analysis, discussed in detail by Skinner et al. (2020) involves the processing and analy-
sis of the protein collagen, which leather is primarily composed of, by Mass Spectrometry to obtain a protein mass-
fingerprint (PMF). The PMF for different animal species is diagnostic on genus level. PMF enables sheep, goat,
cattle and also wild animals such as gazelle to be conclusively distinguished from each other.
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leather making techniques were used; Skinner In Preparation), leathered® using oil (see also
Skinner 2018; Skinner et al. 2020).” The authors have not been able to examine the grain
surface of the lace leather under magnification either, and thus cannot use the distribution of
follicle pattern to identify the species of animal that was used to produce them. However,
it may be deduced, from the fact that the lacing leather is of a much finer thickness than the
scales, that either goatskin or sheepskin was used. From a practical perspective, it is most
likely that goat rather than sheepskin was used, because goatskin makes stronger, more resil-
ient leather than sheepskin, which has a loose and stretchy fibre structure (Skinner et al.
2020). This needs to be confirmed by proteomic analysis.

Some of the smallest scales, on the sides of the cuirass, are cross-laced and attached only
to a thin leather backing, with no linen present (Figure 5A, B; see also Figure 4C; this is Sec-
tion 5 in Figure 13). The leather backing (Figure 5C) is 0.6 mm thick and is similar in appear-
ance to the leather used for the lacing, though thinner. The backing leather is stained red on
the grain side to match the colour of the red scales!'® while the flesh side is beige-brown. The
scales and this leather backing are attached flesh side to flesh side. Although the leather of the
backing is now rather friable, it was quite soft originally, as is indicated by many fine folds
and creases (Figure 5C). The rawhide scales of the rest of the armour are laced together in
rows and affixed to a backing of leather, which seems comparable to the leather backing
described for Section 5, and linen.!" The linen was made up of six layers as noted by Carter
(1933, 143). The leather backing must have been sandwiched in between the scales and the
linen layers, at least in some areas, rather than being on the inside and thus directly on the
skin of the wearer, where it would have engendered sweat.'? The leather backing, however,
has now almost completely gelatinised and is mainly visible as a black resinous/glue-line
mass. Thus, it can no longer be ascertained if it was present throughout the cuirass, though it
is highly likely that it was as it would not only offer more protection without any substantial
increase of the weight of the armour, but also provide more surface area to anchor the scale-
layer and protect the linen from chafing by the rawhide and its lashings. Moreover, there is no
technical or any other reason why only part of the cuirass would have been lined with an
additional layer of thin leather. The undyed linen is a very fine plain (tabby) weave, approxi-
mately 64 threads per inch. Originally the linen may have been sun-bleached to make it white
in colour, but it currently has a yellow hue.

2.2.2. The Scales
Shape and Size

Carter’s description, as quoted above, did not include measurements of the complete cui-
rass, and he only drew three laced scales in 1:1 scale (mentioning the length of the scales

8 Leathering is used to describe animal skin that has been processed to obtain leather-like properties but has not
been ‘tanned’ to become fully imputrescible.

® See also Schwarz (2000, 58-62), Moreno Garcia (2018) and the response to this by Veldmeijer (2018).

10" See the section ‘colour’ in ‘2.2.2. The Scales’ where the material that might have been used to give the leather
a red and green colour is discussed in more detail.

11 See ‘Lacing’ in section ‘2.2.2. The Scales’ on the possible ways this was done.

12 Not only is the concept of leather clothing, with the exception of the loincloth (which was also [mainly?]
worn on top of a linen loincloth), unknown in ancient Egypt (Veldmeijer 2017, 56; Veldmeijer and Skinner 2019,
491-502-503), the linen would have been more comfortable, especially in absorbing sweat.
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varying from 2.3 to 5.3 cm). Although Burton’s photograph (Figure 1) did not include a scale
bar, we can estimate the size based on the dimensions of the box in which the cuirass was
originally placed. Its exterior dimensions are 53.0 cm long by 36.7 cm wide and 33.4 cm high
(Card 587-1), with the interior measuring 50.0 cm long by 34.0 cm wide and 23.0 cm deep
(Card 587-1). The interior depth is considerably less than the overall height, as the box stands
on short legs. Based on the small volume of the box, the overall size of the armour can be
estimated, suggesting that, in fact, it is smaller than one might initially assume looking at the
photograph.

There are four basic types of scales, which differ slightly from each other in shape and
size: ‘long-wide square-topped’ scales (length: 57-58 mm; width: 20-24 mm; an example is
marked A in Figure 4F)'3, ‘long-narrow round-topped’ examples (length: 45-58 mm; width:
14-19 mm; marked B), ‘small round-topped’, marked C, and ‘small square-topped’ scales,
marked D (length of both types: 26-28 mm; width: 8-10 mm). The thickness of the scales
varies between 1.3 and 2.5 mm, with the smaller scales usually being slightly thinner. The
vertical ridges, which drop short before the top and bottom edge, measure approximately
1.9 mm in depth in the large scales and 1.3 to 1.5 mm depth in the small scales. These ridges
stand proud on either the left or right side of the scale depending on whether the scales in
a row overlap in a left-hand or right-hand direction. The smaller scales usually have the ridge
positioned more centrally on the scale.

Colour

The scales were originally either red or green in colour; even now some of the scales
retain this colour. The red coloured surface is flaking away from the grain surface in a few
small areas on the laces. This type of red stained leather is quite typical for leather objects
dating to the New Kingdom (see Veldmeijer and Ikram 2018), which are often made from
goatskin, and leathered using oils. Although the leather from the cuirass has not (to the
knowledge of the authors) been subjected to archacometric analysis, it is likely that the bright
red surface staining is composed of a colourant that is made using red madder (Skinner In
Preparation). This deduction stems from comparisons with other red leather from the New
Kingdom, which has been scientifically analysed, and where madder has been detected
(Elnaggar et al. 2016; Leona 2009; Skinner In Preparation). Experiments have not been car-
ried out to establish the exact application methods or composition of the red and green col-
ourant applied to the scales. However, from the appearance of the scales, it emerges that the
colour was only applied to the outer surface. In the case of the red scales,'* the colourant
penetrated slightly into the surface, indicating that it was applied as a non-viscous wash on
to the grain surface and allowed to soak in. The green colourant appears thicker and would
have been applied as a paste. Once dried, a protective layer of oil and beeswax might have
been rubbed on, in order to attain a burnished shine (cf. Skinner 2018, 93-94). Scientific
analysis of the green colourant on other New Kingdom leather objects has revealed that it
was composed of cupric palmitate and cupric stearate. Daniels (2007) and Scott (2010) have
found that these copper salts of higher acids (termed ‘copper-oleate’ by Scott) were sometimes

13 A representative sample of fourteen scales was measured for total length, width at the widest point, width at
the narrowest point, thickness, and weight.
14 See also section ‘2.2.1. Materials’ on the red used for other leather in the cuirass.
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used as pigments on Egyptian artefacts. For colouring leather, they are formed from a reac-
tion between metallic copper and lipid mixtures (Skinner In Preparation). It is possible that
copper-oleate was used to colour the green scales.

Unfortunately, not enough of the colour is preserved on the actual remains to ascertain
which rows in the cuirass were green, and which were red. However, from Burton’s photo-
graph (Figure 1), a thick coating on some of the rows can be identified suggesting that these
particular rows were green. The overlay shown in Figure 6 reflects this feature and suggests
that approximately two thirds of the rows were red, and the rest were green. Some of the
scales have a high lustre to their surface, especially those which are the brightest shade of red.
Only the recto of the scales (which is the grain side of the rawhide) has been coloured. The
verso of the scales (which is the flesh side of the rawhide), however, appears to have been
coated in a layer of a matt-white substance of unknown composition. This is different from
the yellow crust of celluloid that was noted on the surface of some of the scales when the
cuirass was examined. The intended function (if any) of the white layer is currently not under-
stood (Figure 4F, second row, scale 4—6 from the left).

Lacing

In every area of the cuirass each scale overlaps its neighbour, and each row overlaps the
one below it (still clearly visible in Figure 1), thus making a layer four scales deep (note that
in the diagrams of Figure 8 the scales are not shown in overlap so that the methods of lacing
are more easily understandable). Each scale in the cuirass has a series of lacing holes (Fig-
ure 7) and thus far six patterns have been observed. It is highly probable that if one type of
lacing pattern is noticed, e.g., Scale Type 4a, then its mirror image Type 4b would also be
used in the construction of the armour as it is assumed that the left and right halves of the
back of the cuirass, which are visible in Figure 1, were symmetrical. It is likely that more
patterns were present in the cuirass since particular construction requirements demanded vari-
ous sizes of scales and lacing methods (see below). Some parts of the cuirass would need to
be more flexible and have a deeper curvature to fit the contours of the body, e.g., the side of
the body, and over the hips; the chest and back sections would be less deeply curved, prob-
ably less flexible and consisting of larger scales. However, due to the fragmented state and the
many missing pieces, it is not possible to determine the full range of lacing hole patterns that
might have been present in the original armour; certainly different types of scales (and thus
to a certain extent different lacing methods) were used in various parts of the armour.

Although the size and exact shape (Figure 4F) of the scales differ, all scales have several
features in common: a single hole along the upper edge that was used to secure the scale to
the backing (discussed below) and a vertically running ridge pressed in high relief (standing
proud on the recto) on either the left or right half of the scale. In addition, each scale has
several pairs of holes for lacing: a pair of lacing holes in the upper half of the scale on either
the right-hand side or the left-hand side of the ridge and one, two or three additional pairs of
holes located in the lower half of the scale (with, in the case of three pairs, one pair situated
at the very tip). This pattern of holes determines the method of lacing them into rows (Fig-
ure 8). Thus, the scales were all laced together and then secured to the thin leather (and six
layers of linen backing).

Three basic methods of lacing the armour scales together have been identified (Figure 8).
Some methods are similar, regardless of the location of the holes in each scale. Thus, Lacing
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Method One (Figure 8A), securing scales with patterns 1 and 2 (Figure 7), are the same, and
only differ depending on the direction of the overlap as la and 2a overlap right over left
and 1b and 2b overlap left over right. This method involves two laces, one at the top and
another near the bottom. The lace passes from the recto to the verso of the scale through the
right-hand hole, and from the back to the front through the left-hand hole, which is repeated
with the subsequent ones (a sort of running stitch using leather laces). The lacing is protected
by the pointed tips of the scales in the row above, which overlaps it. The lacing through the
pair of holes at the lower half is comparable, although it passes from the verso to the recto.

Lacing Method Two (Figure 8B), securing scales with patterns 3 and 4 (Figure 7), involves
three laces — these too overlap as described for scales with patterns 1 and 2 presented above.
The lacing through the upper part of the scales is the same technique as described for Lacing
Method One. However, in the lower part, two laces, running at the verso, cross over one
another at the recto in the lower pairs of holes. This method of lacing provides slightly more
flexibility in the finished armour.

Lacing Method Three (Figure 8C) is seen for scales with patterns 5 and 6 (Figure 7). This
method involves four laces. At the top and more towards the bottom, the scales are laced as
described for Scale Type 1 and 2 above. Here, however, additional cross-laces over the recto
link the horizontal rows of scales to each other using an additional pair of holes at the tip of
the scale. This lacing pattern creates greater flexibility in both the X and Y axis and, since
there is only a thin leather backing where this lacing method is used (Section 5, see Figure
13), reinforces the layer as well.

Where the lacing holes are all to one side of the scale (Patterns 2 and 4 in Figure 7), the
armour would wrap around a curve more easily than with scales with Patterns 1 and 3 in
Figure 7. These scales were possibly used for the parts that would cover the side of the torso.

The laced scales are fastened to the backing by stitches through the single hole close to the
upper edge. In the sections of the armour that could still be examined only every third scale
was secured to the backing. The scales were secured using leather thongs (Figure 9), sinew,
and possibly linen thread, but the poor preservation of the remains makes it impossible to be
absolutely certain. Though seemingly the scales were secured with isolated stitches, remnants
still visible in the original photograph (single black arrows in Figure 9) suggests that scales
were not secured with an individual stitch, but rather using a whip-stitching method with one
piece of thong/thread to secure several scales. Such a technique of securing bindings is the
default in contemporary leatherwork (e.g., the Tano leather in Veldmeijer and Tkram 2018,
97-119) and makes sense. Isolated stitches are difficult to secure properly and are less strong.
Moreover, a whip lashed thong, besides fastening the scales to the backing, also connects
larger parts of the scale layer and thus further strengthens the whole structure. Furthermore, it
is less time-consuming to produce. A drawback of such a way of fastening is that, if this
thong is slashed through, the whole row that was secured is in danger of falling off.

2.2.3. Seams and Stitches

The study of the seams and edges using Burton’s photograph is somewhat problematic,
especially because one cannot see the reverse of the cuirass and the parts that are visible
might be folded and thus are not shown entirely. Furthermore, it could not be established what
kind of material was used for the stitching. Though an indication of the scales’ colour could
be deduced by the appearance of the surface (see above) the colouring of the leather of the
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edging could not be identified with certainty from the original black and white photograph
(Figure 1) and only small parts of edging with preserved colour survive.

The horizontal edge of the collar (1 in Figure 10) consists of two horizontal, parallel strips
that border the row of scales. However, it continues over a leather area (encircled with ‘1),
which is the top of the vertical edge of the opening at the back (visible a bit further down,
marked 2 and 3 in the figure, discussed below). The strip that faces the scales is secured at
either side onto the leather with whip stitches, but the area above the scales is only secured
at the side facing the second strip (1 in Figure 10). The first piece of the vertical edge that is
visible (2 in Figure 10) shows an edge binding that might have been made from the edge of
the leather backing rather than from an individual piece of leather. It is secured over the edges
of the leather with whip stitches, after which the leather of the binding was pulled over this
edge, thus protecting the edge and the stitching, and continues as the backing. Possibly, it
includes a second layer. A narrow appliqué strip is attached against this binding, probably
secured with whip stitches at either edge of the strip. Though not visible in area ‘2’, a bit
further down the edge, the short, diagonal impressions at the edges clearly suggests this type
of stitches (see below with ‘37).

A bit lower along this edge there is a change (3 in Figure 10): the narrow appliqué strip
and the edge are separated. The appliqué strip continues vertically, but the edge changes its
shape, creating a small more or less semi-circular horizontal tab. This tab is probably related
to securing the back, serving as a reinforcement and/or a means of protecting a closure system
(toggle closure?) that is neither visible in the photograph nor among the preserved fragments
(4a in Figure 10). Extending sections used to reinforce the fastening of leather were identified
in the so-called Tano chariot as well (Veldmeijer and Ikram 2018, 97-119). Possibly, a com-
parable construction is seen in diagram 4 in Figure 10. Here, however, the tab seems a bit
larger than the one marked ‘3’. Moreover, the area in between the appliqué strip that probably
is the extension of the one seen in the area marked ‘2’ (discussed above), and the edge bind-
ing proper, is filled by two more appliqué strips (diagram 4b). They are cut to fit the space.
The edge binding equals the one described for ‘2’; the strips are all secured with whip stitches
at either side.

The shoulder bands of the back and front part of the cuirass were tied together over the
shoulder with lengthwise folded leather thong (5 in Figure 10). The edge binding (6 in Fig-
ure 10), is made from the edge of the red leather backing. It carries over the edges (and
stitches) of the various layers and is secured with whip stitches. The folded edge includes two
stair-step overlapping(?) coloured (probably in red and green) appliqué strips as well as the
layer of scales. These strips served two purposes: to reinforce the edges of the cuirass panels,
providing a place to attach straps securely, and to create a decorative band around the cuirass’
edges. Presumably, the edging also secured the linen backing.

The edge described for the shoulder part is comparable to the edge that is marked ‘7’ in
Figure 10, and which is the top edge of the upper section that protected the side of the body
(Section 4 in Figure 13). There are, however, differences; it has a stair-step overlapping appli-
qué strip, made by the folded over edge of the backing, and seemingly two parallel wide
green strips that are situated slightly apart, showing the red underlying leather. It is finished
with a narrow red leather line of folded leather, which, if this is the case, must be another
layer of leather between this and the layer of scales. The binding proper is secured with run-
ning stitch, the appliqué strips with whip stitch.
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A more enigmatic edge is marked ‘8’ in Figure 10. It appears fairly different from the pre-
viously described ones, which might be due to the fact that its purpose was to connect two
sections of different layout: Sections 4 and 5 (Section 5 is without the linen backing, see
above). The visible surface suggests that both edges of a strip of leather are folded inwards
and at least one (and several impressions?) tiny whip stitch is still visible that secures the two
together. Could it be a strip that was sewn to the leather backing of Section 4 (and over the
scales) and the edge of Section 5, secured with stitches, after which the sides of the strip were
folded inwards to hide the connection (8 in Figure 10)?

The last edge binding that is visible in Burton’s photograph is marked ‘9’ in Figure 10. It
is clear that there is a wide strip, which is secured at either edge with whip stitches to the
main body of the leather, as well as a narrower strip that makes the edge. This narrower strip
seems to be folded over, but the rest remains unclear. There is some uncertainty as to the
identification of which part of the backing it is that emerges from the collar opening (see sec-
tion ‘3. Commentary’), but might be an extension of the backing of the scaled part (or, alter-
natively, an inserted piece of leather of which the seam that secures it to the backing proper
is not visible in the photograph)'’ that covers the shoulder between the neck and cuirass
proper (diagram in Figure 9). The lengthwise folded bands, comparable to those mentioned
previously though slightly wider, pierce the leather. The piercing is reinforced with a leather
patch. Several places show where a fresh piece of leather was inserted to continue the binding
(encircled in Figure 10).

The technology that was used to protect the edges and, at the same time, the stitching that
secures it, combined with aesthetic choices, has striking parallels with the Tano chariot leather
and differs from other leatherwork, where bindings do not combine these tasks and/or do not
protect the stitching. Strips of appliqué decoration that are secured at either edge with whip
stitches, as shown for the vertical edge of the back panel, are also seen in the side of the bot-
tom of the Tano bow case (though here consisting of three parallel strips rather than two), and
have not been identified in other leatherwork thus far (Veldmeijer and Ikram 2018, 118-119).
The technique of using new leather where bindings end is also seen in the tubes with draw-
string in the main casing and siding fill of the Tano chariot (Veldmeijer and Ikram 2018,
104).

2.3. The Manufacture and Construction of the Armour: an Experimental Approach

In order to test the hypotheses on how the cuirass was fabricated, experiments were con-
ducted by two of the authors (Thomas Hulit and Lucy-Anne Skinner) independently.

In experiments to determine which kind of animal skin or hide was used, and whether
untreated rawhide or cuir bouilli were utilised to produce the scales, a piece of salted cattle
hide, and a goatskin were obtained. After soaking these in several changes of water for
approximately five hours to remove the salts, the skins were defleshed over a wooden beam,
using hand tools, and two portions of the hide and skin (each 50 x 50 cm) were cut out. The
raw, hydrated skin of both animals was thick and rubbery, the cattle hide measuring 8 mm in
thickness and the goatskin 4 mm. They were then dried flat. After drying, the cattle hide
measured 2.5 mm in thickness and had a similar appearance and suitable stiffness to produce

15 Discussed in detail in section ‘3. Commentary’.
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cuirass scales. The dried goatskin shrank to 0.5 mm thickness, becoming slightly papery and
flexible — quite unsuitable for producing cuirass scales.

One of the sheets of cattle and one of goatskin were subjected to a cuir bouilli treatment.
They were placed in water, which was heated to 65-70° C. This induced the raw skin to
shrink in overall area by about 30% and to curl up and stiffen very quickly. The speed of
stiffening made it difficult to flatten out, cut and dry effectively. It proved not possible to
punch holes through the cuir bouilli (for lacing holes) before the skin had stiffened. Interest-
ingly, upon drying, the goatskin cuir bouilli measured about 1.5-2 mm in thickness (evi-
dently, the dramatic effects of hydration on collagen fibres in cuir bouilli production resulted
in a tightening of the structure, causing it to maintain some of the original skin thickness).

Replica scales produced from the rawhide and the cuir bouilli experiments were examined
and tested in a rudimentary way, using a copper point tool struck against the scale, using
a mallet. In these (non-scientific) tests, the cuir bouilli was found to be brittle and the impact
caused it to shatter. While the rawhide scales were permanently dented by the impact, they
did not break. Although the cuir bouilli experiments were not carried out in a strictly scien-
tific manner, and the final thickness of the goatskin cuir bouilli was similar to the cuirass
scales, it may be suggested that given the challenge of creating a consistent, suitable material
using the cuir bouilli method, it was not used to produce the cuirass scales. Not only is
untreated rawhide easier to manipulate than cuir bouilli, but it also produces scales with
a similar appearance to those used on the original cuirass. Plus, the rawhide scales are stronger
and better resistant to blunt force.

In the scale reproduction experiments, rawhide was used for the scales. The impressed
ridge, which, in the original cuirass was located off centre towards the side of the scale
(depending on the location of the scales in the cuirass, as explained above), was located cen-
trally for the sake of simplicity. A template was used to mark out scales on a section of raw-
hide (Figure 11A). The ancient Egyptian craftsmen most likely used templates too in order to
cut the scales evenly in shape and size as they are too uniform to have been cut without. The
experiments showed that, prior to cutting and shaping the scales, the rawhide was first par-
tially hydrated (Figure 11B). If too wet, it is difficult to control the drying and the scales
would shrink to an uneven shape. If too dry, however, the hide is difficult to cut and will have
sharp edges, which could abrade and damage the laces (unless hand smoothened, as seems to
have been done, see below).

Lacing holes were punched through using a small chisel-ended punch (made from a small
screwdriver) when the hide was partially hydrated. The holes were punched from the flesh
side through the grain surface (this is from the verso to recto compared to the position of the
scales in the armour) (Figure 12A). This method is indicated by the scales in the original
cuirass, where the edges of the lacing holes are slightly raised where the point of the tool,
piercing the hide, emerged through it (thus the grain surface = recto).

Once cut to the appropriate size and shape, the vertical ridge was formed by placing the
flesh side of the scale over a suitable channel or groove that served as a mould for the ridge
(Figure 12B), and pressing down, thus creating an even, repeatable ridge on the grain side.
When executed while the scale was still somewhat hydrated, the ridge would not recede when
the rawhide dried (Figure 12C).

When each scale was shaped, it needed to be dried under controlled conditions to manage
shrinkage, and under a small amount of pressure to maintain its flatness. It is likely that the
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scales were dried between sheets of, for example, linen to absorb excess moisture (Fig-
ure 12D). It took approximately twenty-four hours for the partially hydrated rawhide to be dry
enough to remove the scales from pressure without danger of them becoming misshapen.
The edges of each scale appear to have been smoothed and sanded, or polished to thin
them, particularly at the lower, pointed end. This would make the scales shiny and aestheti-
cally pleasing and would also have had a practical purpose, as the smoothened and thinned
edges'® would shift more easily over each other without catching or scratching. Any rough
and sharp edges that might have remained would also have been removed by this process.
During research on scale armour between 1998 and 2001, one of the authors experimented
with a variety of lacing methods (see Hulit 2002; Figure 12E), including those attempted by
Ventzke (1983) and Kendall (1974), basing their work on bronze armour scales found in the
eastern Mediterranean that were of contemporaneous date to Tutankhamun. No pattern
attempted was as simple, effective, or elegant as the method employed in Tutankhamun’s
cuirass. It is quite probable that the method of construction found in Tutankhamun’s cuirass
was used across the ancient world (see below). In addition, the six layers of linen padding that
were used to line the cuirass (except for Section 5, which only had a leather backing), com-
bined with the thin leather backing would have added to the effectiveness of the armour.!”

3. Commentary

Before discussing a hypothetical reconstruction, it is necessary to explain what is actually
visible in the in situ photograph (Figure 1). The visible parts in Burton’s original photograph
(Figure 13) are part of the right half of the back of the armour (Section 3), including the
shoulder part (Section 2), and of the right side (Section 4 & 5). The square collar is clearly
visible (the right part is approximately 7.5 cm in length and thus half the size of the collar’s
total opening). The leather protruding from this collar (Section 1; Figure 9) probably is a por-
tion of a separately inserted piece of leather, as it seems slightly thicker than the backing
proper or the leather backing that extends beyond the opening of the collar. It is finished with
an elaborate binding (see section ‘2.2.3. Seams and Stitches’) and contains two lengthwise
folded straps that must have been used to tie the back and front over the shoulder. The tear,
showing paired stitch holes along one edge (white arrow in Figure 9), indicates that it was
once sewn onto the leather of Section 3, rather than displaced leather backing: the crack indi-
cated by the white arrow, does not extend all the way to the edge of the leather but drops short
before the edge, indicating an intact, not torn bit of leather. Further arguments for such
a design are that the decorative binding of Section 1 would have been invisible if the leather
were part of the backing proper. Moreover, there are no holes in the edge of the shoulder part

16 Schwarz (2000, 99-100) argues that in Theban Tombs 39, 67, and 100 an edge shaver is depicted, which was
used to get rid of sharp edges and smooth edges (see also Darke 2006, 105-106; Seymour 1984, 122). Worked
edges were identified in soles of pharaonic leather sandals (Veldmeijer 2009).

17 Though it may seem that linen had little to no protective value, tests conducted at Saqqara with National
Geographic in 2004 by Thomas Hulit show that the layered linen backing did indeed provide some protection.
While full-force axe blows would cause great damage and even break scales away from the armour, the linen was
very difficult to pierce. Blunt trauma would have been severe, but skin penetration (and the accompanying risk of
infection), avoided.
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(Section 2) through which the straps shown in Section 1 could have been pulled. Indeed,
the strap that is pulled through in the shoulder area (Section 2) would have been in about the
same position if Section 1 served as the backing of the shoulder area. This leather section
would protect the king’s throat and neck. The conclusion that the back is shown in the
photograph, rather than the front, is suggested by the depth of the collar, which is too shallow
to be worn at the front. Moreover, Section 3 has an edge (marked ‘2°, ‘3’ and ‘4’ in Fig-
ure 10), which is at right angle to the collar and thus a vertical central edge running down at
the back.

The shoulder area to the right in Figure 13 (Section 2) shows four rows of small scales
overlapping uniformly in the same direction (Figure 14A, B). In this back part, the left side
of the armour would likely mirror the right side, with the scales overlapping in the opposite
direction. Based on the dimensions of the box containing the armour (see above), these rows
of scales are approximately 15 cm wide and would be of a suitable length to create a covering
from the neck to the point of the shoulder. There is no indication of sleeves. Short remnants
of leather straps (double black arrow in Figure 9), together with the aforementioned straps in
the leather collar, suggest that it was closed at several points along its length.

The rows of scales (18 to 20 rows of long-wide square topped scales) in Section 3 alternate
in overlap direction (arrows in Figure 14B). The left half of the back of the armour would
mirror the right half. Since it is argued below that the front part was made of one piece, its
rows of scales would consist of uniformly positioned overlapping scales, the direction only
alternating per row rather than the symmetrical overlap direction for each half in the same
row as seen at the back. Most of the orientation of the scales in the rows can be identified
from Burton’s photograph (Figure 14A), but some of the construction hypotheses are based
on assessing how the overlap of the scales would protect the wearer (see section ‘4. Protecting
the King’).

Section 4 is made of rows of the long-narrow round topped scales, but since the cuirass is
now so fragmented it is hard to estimate the original number of rows, though in the photo-
graph it seems that there are 14 or 15. This section would cover the top part of the wearer’s
side. As a person’s side is more deeply curved than their front or back, the narrower profile
of these scales would allow for a slightly deeper curvature, thus giving a better and more
secure fit. The scales in the rows all overlap in the same direction, each scale being over-
lapped by the scale directly to its left and each row partly covered by the row directly above.
Such a surface would prevent the point of a weapon from slipping beneath the scales should
the attack come from the wearer’s front. This section on the opposite side of the body would
be constructed the same way, except that the scales would overlap in the opposite direction.

Section 5 is the only part without linen backing. The scales are cross-laced at the recto
(Figure 5A, B), which is only seen in this part of the cuirass, to increase flexibility (see
below). The Section is directly attached to Section 4 by a seam.

Figure 14 shows the reconstruction of the cuirass as a sleeveless shirt of approximately
57 cm in length at a minimum (thus extending to the mid-thigh on Tutankhamun), and secured
at the back like a modern hospital gown. The front and back are connected over the shoulder
(Section 2) and secured by leather thongs. The sides were closed by Section 4 (backed by
linen and leather) and the cross-laced part (Section 5), with only a leather backing along the
lower edge for increased flexibility. Since the armour would lace or tie up at the back (with
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possibly even the seam protected by slightly overlapping tabs at the edge of the right panel
over the left as suggested in section ‘2.2.3. Seams and Stitches’), it would have made a cohe-
sive, uniform surface with the opening or fastenings protected.

4. Protecting the King

A cuirass made of scales like Tutankhamun’s is not rigid but rather a semi-flexible layer
that would have served to protect the wearer much as the shirts of “chain” mail that were
common many centuries later. In tests conducted by Hulit (2002, 132), slow motion videos of
arrows striking a replica reveals that the transmitted force from the impact ripples outward,
thus diffusing the blow.

Rawhide scale armour would not provide the same amount of protection as an identical one
of bronze, but the rawhide version would allow for greater mobility; the increase in protection
afforded by bronze scales would be offset by the greater weight and decreased mobility. The
direction of overlap of the rawhide scales (Figure 14) is meant to minimise the potential for
a penetrative weapon (arrow, spear, or sword-point) to enter beneath the scales and pierce the
body. In order to prevent an attack from a particular direction, or foil a particular style of
attack, in some places several rows of scales overlap in the same direction, causing the weapon
to slide over the scales rather than slip beneath them. Most attacks against a person in battle
will come from the front or from the sides, so the overlap of the scales would reflect this fact.

The design of any form of body armour that extends below the waist requires considera-
tions to provide for adequate mobility. While the scale armour of the Late Bronze Age/New
Kingdom Egypt was almost certainly used exclusively by chariot archers, these soldiers would
still be required to walk, run or sit on occasion. In any form of armour where the hips and
thighs are protected the armour must be constructed so that it is flexible and provides
mobility. In many types of armour, a gap or split along the lower hem is present (personal
observation by Thomas Hulit), allowing the front and rear sections to part, providing for
adequate movement of the legs. The approach that was used in Tutankhamun’s armour is
somewhat different — a section of scales with more flexibility is used at the lower sides and
across the hips (cross-laced scales without linen backing, Section 5 in Figure 13 and Fig-
ure 14). This is probably not a unique feature, but since Tutankhamun’s cuirass is the only
(fairly) complete example known from this time-period, this supposition is difficult to prove
or reject.

Armour is meant to aid in protecting the wearer rather than to stop all blows completely,
and the increased mobility afforded by a lighter armour could be valuable in certain circum-
stances (Figure 15). Thus, the choice of materials to make a coat of armour would be dictated
by several factors including protective value, weight, mobility, cost of materials, time of man-
ufacture, the situations in which the armour would be used, and various social considerations
such as conspicuous consumption. The fact that both rawhide and bronze scales have been
found in Egypt suggest that armour was custom made to suit different purposes.

Tutankhamun’s cuirass is by far the most complete example of Late Bronze Age/New
Kingdom armour from anywhere in the Eastern Mediterranean, and the only specimen retain-
ing evidence of its overall construction. Re-examination of the armour has given insight into
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the methods of construction and thereby challenges the existing hypotheses on scale armour
construction, which are largely based on brief analyses of excavated fragmentary examples
carried out by 19" to mid-20"™ century scholars (see Catling 1970; Karageorghis and Masson
1975; Kendall 1974; Ventzke 1983; and Yadin 1963). Each of the mentioned scholars made
attempts to understand the method of lacing, developing methods to lace all the scales together
as a whole without affixing rows of scales to a backing material. In each case their hypotheses
were based on much later scale armour which used very different types of scales that have not
been found in New Kingdom Egypt or, indeed, the Late Bronze Age. Nonetheless, the fact
remains that the patterns of lacing holes as seen in the scales in Tutankhamun’s armour are
almost the same across the Eastern Mediterranean at this time, evidenced by small numbers
of scales in bronze and other materials from many archaeological sites, including, besides the
aforementioned examples from Egypt, Megiddo, Ugarit, Kamid el-Loz, Nuzi and Mycenae
(see Hulit 2002, 8-16 for an overview). This suggests that the way the scales were laced in
Tutankhamun’s cuirass was fairly standard and widespread.

From the choice and treatment of the materials, the cutting and fine-tuning of well over
4000 scales (the fact that every scale has a hole in the upper edge, even if it is not used to
secure each scale to the backing individually, suggesting that the scales were batch produced),
the lacing and the technology used in the edge bindings, to the different layout of the various
sections, the entire armour shows the high degree of knowledge of the materials and overall
technology that was used in the production of the armour. Moreover, this knowledge was put
to use to produce adequate protection that was flexible and lightweight at the same time,
meeting the specific demands of the owner.
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Fig. 1: The box (CN 587), with the cuirass (CN 587a). The box was found without a lid.
Still visible in the right-hand corner is the heel of a sewn sandal. Photograph by Harry Burton.
Courtesy of the Griffith Institute, Oxford.
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Fig. 2: The box with the cuirass was found in the Annexe, on top of a pile of goods.
The bed (CN 377) that lay on top, partially sealed the box. Photograph by Harry Burton.
Courtesy of the Griffith Institute, Oxford.
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Fig. 3: One rawhide scale was found in Amarna. It compares well in shape,
size and further details to some types of scales from the cuirass from
Tutankhamun’s tomb (cf. Figure 4E, F). Verso and recto respectively.

Scale bar is 10 mm. Photograph by André J. Veldmeijer/Erno Endenburg.
Courtesy of Amarna Trust/Egypt Exploration Society.
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Fig. 4: Some of the remains of the cuirass (photographed in 2004). A) Large piece of linen backing
with several patches of the lashed scales (in their storage box); B) A small isolated patch with linen
backing with badly gelatinised leather and one still clearly visible row of laced scales; C) Two small
but relatively well-preserved fragments. On the left, laced scales retaining some of the red leather
backing (arrow). To the right, a fragment of the cross-laced scales (Section 5, cf. figure 14B); D) Four
small fragments of laced scales (Section 5). The middle one of the rows below still includes the fairly
well-preserved red leather backing; E) The tray with the isolated scales, as stored in the Egyptian
Museum (Tahrir, Cairo) in 2004; F) Several examples of the scales from the box shown in figure E.
The capitals refer to the different types of scales as explained in the text. Photography by Thomas Hulit
(2004). Prepared for publication by Erno Endenburg. Courtesy of the Ministry of Antiquities and
Tourism.
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C

Fig. 5: Section 5. A) Detail of the cross-laced scales as photographed in situ by Harry Burton;
B) Detail taken in 2004; C) Detail of the thin, red leather backing. Although the picture
does not show the backing of this section, it is, however, comparable (see text).
Photography by Thomas Hulit (2004). Prepared for publication by Erno Endenburg.
Courtesy of the Ministry of Antiquities and Tourism. The black and white detail
is by Harry Burton, courtesy of the Griffith Institute Oxford.
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Fig. 6: The colour of the scales indicated on the cuirass, with ‘1’ indicating the green rows.
Diagram by Lucy Skinner.
The arrow points to an example of scale with a thick paste on it, indicative of green colouring.
Photograph by Harry Burton. Courtesy of the Griffith Institute, Oxford.
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Fig. 7: Diagram of the six lacing hole patterns in
the scales with their (partially hypothetical)
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mirror image. Diagram by Thomas Hulit.
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Fig. 8: The system of lacing, showing the recto. The scales are drawn next to each other to enhance
clarity, whereas in the cuirass the (rows of) scales overlap horizontally and vertically. Dotted lines
indicate the lace is not visible as it runs at the back of the scale. A) Lacing Method of scales with
hole pattern 1 and 2; B) Lacing Method of scales with hole pattern 3 and 4; C) Lacing Method of

scales with hole pattern 5 and 6 (limited to Section 5). Not to scale. Diagrams by Thomas Hulit.
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Fig. 9: Detail of Burton’s photograph of the right collar of the back of the cuirass, with the leather
backing or a separate insert protruding that filled up the area between the neck of the wearer and
shoulder of the cuirass (as indicated in the diagram insert). The single black arrows point to leather
thong that probably runs from one scale to the next, skipping two, to fasten them to the backing.
The white arrow indicates the crack with paired stitch holes, discussed in section ‘3. Commentary’.
The * and * in the diagram correspond with those in the photograph. The double black arrows
indicate the strap to tie the cuirass over the shoulder.

Photograph by Harry Burton. Courtesy of the Griffith Institute Oxford.

Diagram (not to scale) by André J. Veldmeijer/Erno Endenburg.
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Fig. 10: The original photograph of the cuirass with the seams and other technological leatherwork
features marked and visualised by diagrams. Dashed lines in the diagrams indicate uncertainty.
Photograph by Harry Burton. Courtesy of the Griffith Institute.

Diagrams (not to scale) by André J. Veldmeijer/Erno Endenburg.
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Fig. 11: Experimenting with the scales.
A) A template was used to mark out scales on a section of rawhide.

B) The rawhide was humidified briefly. Photographs by Thomas Hulit.
Prepared for publication by Erno Endenburg.
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Fig. 12: Experiments with the scales.
A) Punching the holes from the flesh side through the grain side;
B) Pressing the scale into a groove with the grain side down to obtain a ridge
standing proud on the grain side (= the recto of the scale and cuirass);
C) A finished scale;
D) Drying the humidified scales needed to be carried out under controlled conditions;
E) A piece of laced scales.
Photographs by Thomas Hulit. Prepared for publication by Erno Endenburg.
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Fig. 13: The sections of the cuirass, numbered 1-5, shown on the original photograph
by Harry Burton. Courtesy of the Griffith Institute Oxford. By Thomas Hulit.
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Fig. 14: Orientation of the overlap in scales.

A) Indication of the orientation of the scale. Photograph by Harry Burton, courtesy of the Griffith
Institute Oxford. By Lucy Skinner (prepared for publication by André J. Veldmeijer).

[ green
I red

B) Partially hypothetical diagram of the cuirass, showing the back, indicating the direction of overlap
of the scales with arrows. The number of scales is approximate. Details, such as the tabs at the back
and the extra leather at the collar, are not included. Not to scale. Diagram by Thomas Hulit.
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Fig. 15: Artist’s impression of the cuirass. By Bianca van Sittert.



