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Abstract

The paper discusses a recent find of a copper alloy light cannon discovered at the Old Castle in Grodno, Belarus. The
research aim was to analyse the artefact in all its possible aspects, including archaeological and historical contexts,
possible analogies, and the gun’s technology of manufacture. This latter was done against a broad comparative back-
ground of what is known on manufacturing technologies of late medieval and modern period copper alloy firearms.
First, the archaeological and historical contexts of the discovery are dealt with. Then, the morphology and typochro-
nology of the cannon are discussed and relevant analogies are proposed. Next, the technology of manufacture of the
cannon is studied on the basis of metallographic examinations and EDS analyses of the metal’s elemental composi-
tion. It was found out that the artefact had been made of leaded copper. The cannon can be dated with reasonable

certainty to the late 14th c, as implied both by the find context, the morphology and the chemical composition of
the artefact. Its deposition can be related to fights over the Old Castle in Grodno in this period, waged by Teutonic,
Polish and Lithuanian forces. It can tentatively be proposed that the cannon was manufactured in a Teutonic Order’s
workshop, but further research is necessary to verify this supposition.
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Introduction

The aim of this paper is to discuss a recent find of a late
medieval light field cannon that was discovered in the
course of excavations at the Old Castle in Grodno, Bela-
rus. The artefact is studied in its historical and archae-
ological contexts, and its chronology, typology and
possible analogies are proposed. Apart from this, the
main focus of the paper is the technology of manufacture
of the cannon. Technological examinations included met-
allography (microscopic observations) and EDS analyses
of the chemical composition of the gun’s metal. Issues
of technology are discussed against a broad comparative
background of what is known about the technology of
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late medieval and early modern period guns, with special
reference to chemistry of copper alloy firearms that were
examined in the past. Eventually, some tentative remarks
concerning a possible provenance of the gun are made
and suggestions for future research on this issue are
given. Although a great deal is known on late medieval
and early modern period firearms, also concerning Cen-
tral and Eastern Europe [1-4], the state of research on
their manufacturing technologies is still unsatisfactory.
Studies usually concern artefacts from single archaeologi-
cal sites (e.g. [5, 6]), certain kinds of firearms [7, 8], tech-
nology of firearms in a given country [9], or individual
artefacts (e.g. [10, 11]). Sometimes results of technologi-
cal examinations are integrated within regional stud-
ies on early gunpowder weapons (e.g. [2]). In many case
studies the technology of manufacture of a given gun or
a group of guns is discussed solely on the basis of results
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of XRF or EDS analyses, with no metallographic obser-
vations. What is more, these studies offer rather brief
comparative remarks on manufacturing technologies of
other firearms. Therefore, each comprehensive techno-
logical study of medieval or early modern period guns
can be a chance to significantly broaden our knowledge
in this field. This is especially significant bearing in mind
an obvious fact that archaeological finds of cannons are
quite rare. What is more, it is not always possible to carry
out metallographic studies of surviving firearms, due to
conservation restrictions related to sampling.

Archaeological and historical contexts

Architectural and archaeological examinations were car-
ried out in 2014 and 2015 at the Old Castle in Grodno.
They were aimed at preparing ground for restoration
works (on the castle itself see [12—14]). 14 trenches were
opened altogether. Trench 13 (trapezoid, 6.5 x 4 m) was
marked out in the lookout terrace in the courtyard along
a defensive wall near the castle’s gate (Fig. 1). This defen-
sive wall was constructed on top of a medieval rampart
at the end of the 14th or in the early 15th c. after strong
fires from the 1390s (on this phase of the stronghold

Page 2 of 22

see [13]). Building and refurbishment works were car-
ried out in this area in the 16th—18th c. [12, 13]. Due to
this, the upper layers in Trench 13 were to a great degree
mixed. Cultural Layers 1 and 2 were formed in result of
land management works after excavations in the 1980s
[13]. Both Layers 3 and 4 contained brown soil with brick
rubble, fragments of roofing tiles, small vessel shards
from the 16th—18th c., only Layer 3 showing presence of
pieces of 20th c. garbage. Layer 5 contained sandy clay,
with numerous fired clay lumps. Cannon remains (its
main body and three loose parts of the chase) were found
within Layer 5, adjacent to a 70 x 40-45 cm charcoal
deposit showing thickness varying from 3 to 7 cm (Fig. 2).
Numerous other fragments of melted copper were found
adjacent to the cannon remains. Pottery finds that were
discovered within Layer 5 were dated to the second half
of the 14th c. A c. 40 cm thick layer of brown soil with
traces of fire was found beneath the charcoal deposit.
Beneath this layer there were cultural strata that were
related to the construction of a defensive rampart in the
12th-13th c. (on this early phase of the stronghold see
[13]; all data concerning the find context was kindly pro-
vided by Natalya A. Kiziukevi¢, Grodno State Historical
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Fig. 1 Old Castle in Grodno—location of Trench 13 on the castle’s plan. Drawing N. Kiziukevi¢, adapted by G. Zabinski
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Fig. 2 Fragmented cannon from the Old Castle in Grodno in situ.
One segment of the yellow folding ruler is 20 cm. Photo N. A.
Kiziukevic¢

and Archaeological Museum, personal communication,
20 April 2020).

In the period between the last quarter of the 14th and
the early 15th c. Grodno and its vicinity became a stra-
tegic area. This was a result of political contacts between
the Grand Duchy of Lithuania and the Teutonic Order,
with special stress on complex relationships between
the Lithuanian Duke Jogaila (since 1386 Wiadyslaw II
Jagielto King of Poland) and his cousin Duke Vytautas.
In Summer 1378, the Order attacked Lithuania and dev-
astated the region of Podlachia with the strongholds of
Grodno and Brest ([15], p. 593, 597; [16], p. 107; [17], p.
48). In 1384, Vytautas abandoned the Order’s side and
received in return these two strongholds, as well as other
territories ([17], p. 89-93).

However, in 1389 Vytautas rose against Wladystaw.
After failing, he allied again with the Order in 1390
([17], p. 128-133). In January 1390, the Order launched
another military expedition and seized several strong-
holds, including Grodno and Brest. Wtadystaw coun-
terattacked, and on 16 April 1390, Grodno was taken
by Polish-Lithuanian troops. Both Polish and Teutonic
sources mention the use of firearms by the besieging
forces ([15], p. 640—-641; [16], p. 162-163; [18], p. 162—
163; [19], p. 180-182); see also ([17], p. 134). However,
in early December 1391 the castle of Grodno was seized
again by the Order’s forces and was ceded to Vytautas.
Firearms may have been used by both parties during the
siege ([15], p. 646—647; [18], p. 174—176); see also ([17], p.
137-138 and [20], p. 166).

In October 1392, after another reconciliation between
Vytautas and Wladyslaw, the Order invaded Vytautas’
lands and in early January 1393 Grodno was razed to the
ground. Artillery was extensively used by the besiegers
([15], p. 649; [16], p. 185; [18], p. 185; [21], p. 623); see
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also ([17], p. 172 and [20], p. 166). On 23 April 1398, a
treaty was made between the Order and Vytautas, who
ceded the region of Samogitia to the Order ([17], p.
179-181). However, after another reconciliation between
Vytautas and Wladystaw, in Spring 1401 it came to an
anti-Teutonic uprising in Samogitia. In February 1402,
the Order’s troops ravaged the vicinity of Grodno ([18],
p. 256, 264-265; see also [17], p. 253—255).

Therefore, on the basis of the archaeological stratigra-
phy and the historical evidence, it can be assumed with
reasonable certainty that the cannon found in Layer 5
may have been in use during the Polish-Lithuanian-Teu-
tonic conflicts in the last quarter of the 14th c. However,
it seems much more complex to decide to which side of
the hostilities it may have belonged. The proposed chro-
nology also receives support from analogous artefacts
which are dealt with below. Nevertheless, it should be
borne in mind that such cannons may have remained in
use for much longer, as discussed later on in this paper.

Description and classification of the artefact

The artefact in its present shape was strongly affected
by fire. The artefact’s surface is strongly disfigured, une-
ven and partially melted in many places, which obvi-
ously implies heat impact (Fig. 3A). The find consists of
a main body and three detached fragments which must
have originally belonged to the chase. The main body
is a single cylinder that includes the breech part and
the chase part, the latter being only partially preserved.
Thus, the original shape of the cannon cannot be fully
reconstructed. In the back part of the breech there is a
primitive touch-hole, with no traces of a priming pan. A
convex cross decorates one of the surviving metal frag-
ments. This fragment perhaps comes from the muz-
zle and the cross (apart from its religious and symbolic
meaning) may have served as a primitive aiming device
(Fig. 3B). No lifting handle survived and no traces of it
can be seen on the cannon’s surface. A speculative recon-
struction of the gun and its cross-section (as it can be
proposed on the basis of similar surviving guns that are
discussed below) can be seen in Fig. 4. This reconstruc-
tion was done by means of drawing a plan of the cannon
and then converting it into a 3D image. The metrical data
of the artefact are the following:

— total weight (surviving): 13.85 kg

— total length (surviving): 287 mm

— length of the chase (surviving): 84 mm

— length of the breech: 203 mm

— internal length of the powder chamber: c¢. 120 mm

— diameter of the powder chamber: c. 68 mm

— external diameter at the breech: 122 mm

— external diameter at the muzzle (surviving): 221 mm
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Fig. 3 Cannon from the Old Castle in Grodno—A present state of preservation; B loose fragments, including the one ornamented with the cross.
Arrow indicates Sampling Location 4. Photo courtesy N. A. Kiziukevi¢, adapted by G. Zabiriski
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— internal diameter at the muzzle (calibre): c. 155 mm

— distance between the touch hole and the breech base:
82 mm

— diameter of the touch hole: 11 mm

— estimated weight of the projectile: c. 5260 g (granite)

— putative weight of the gunpowder’s charge: c. 280—
380 g (c. 1:19-1:14 proportion between the charge
and the projectile, see ([22], p. 14 or [23], p.163).

On the basis of its calibre it can be assumed that stone
projectiles were used for the gun, which thus could

be termed a Steymbiichse ([20], p. 157; [22], p. 12; [23],
p. 144). A gun of such a size can be classified as a light
field cannon. Such cannons could be either transported
on carts and then placed on wooden stands or could be
mounted on wheeled carriages ([2], p. 84-92; [20], p.
159-160; [23], p. 60—-61). Schmidtchen states that in the
case of early stone ball cannons a usual length propor-
tion between the calibre and the powder chamber was
c. 1:2 ([22], p. 14). In this case, it is merely 1: 1.3, which
may support an assumption of an early chronology of the
Grodno cannon. A relative narrowness of the powder
chamber (c. 68 mm in this case) in relation to the calibre
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Fig. 4 Cannon from the Old Castle in Grodno—speculative reconstruction and the cross-section. G. Zabinski

(c. 155 mm) is also considered a feature of early cannons
of such type. This was aimed at securing a proper con-
centration of the explosion’s impact and thus a better
compression of the gunpowder charge ([22], p. 14).

Early firearms in Rus

Not much is known on the early history of firearms
in Rus. The first mentions in written sources say that
defenders of Moscow used guns against the Mongol
siege in 1382 ([24], p. 44; [25], p. 331-332; [26], p. 74).
Another record comes from 1389 and says that “in this
year guns were brought from Germany” ([27], p. 444).
In 1394, guns were mentioned during the siege of Pskov
by Novgorod Veliky’s forces ([28], p. 194). In 1408, the
Mongol Khan Edigey demanded Prince Ivan Mikhailovi¢
of Tver to support him against Moscow with guns and
“tyufyaki” (mrwogsaxu) ([24], p. 83; [29], p. 220-222; [30],
p. 77-78). McLachlan supposes that “tyufyaki” were large
handgonnes ([3], p. 41; see also [30], p. 85-87). Accord-
ing to Wilinbachow, “tyufyaki” were short-barrelled
cannons analogous to early Western European bom-
bards and they could be mounted on wheeled carriages
([31], p- 226-230, 232; see also [32]). He also maintains
that the appearance of early firearms in Rus was due to

Western European influence ([31], p. 218-220). On the
other hand, Kirpi¢nikov supposes that the new weapon
reached the Rus lands both from the West and the East,
the Western direction being more significant ([30], p.
78-79). In 1426, Lithuanian troops used guns during an
expedition against Pskov ([33], p. 25; [30], p.79), and in
1427, the Lithuanian army took a heavy siege cannon
for an expedition against Novgorod Veliky ([24], p. 94).
Many other mentions of the use of firearms are known
concerning later years ([27], p. 493; [28], p. 218; [29], p.
221-222; [34], p. 185). A 1667—-1671 description of fire-
arms in Smolensk mentions a c. 250 kg heavy and c.
150 cm long “copper pis¢al on a wheeled carriage, cast in
Russia” (ITuwanb meonas, 6 cmaHnky Ha Koaecax, Pycckozo
aumbs). It was provided with a Russian inscription, say-
ing that it was cast in 1483 by a master Yakov ([35], No.
51, p. 304; see also [29], p. 225-226; [30], p. 81; [31], p.
232). This record is coherent with an opinion that gun
foundries came into existence in Rus in the late 15th c.
(131, p. 41; [29], p. 223 fF; [30], p. 80-81).

Archaeological finds of early firearms from this part of
Europe are rare. One of the earliest artefacts is an iron-
forged mortira found near Stary Krym in Crimea in 1885
(Fig. 5(1)). This gun is dated to c. 1375-1425 and may
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Fig. 5 Early cannons in Russian collections: 1 mortira from Stary
Krym, Crimea, Military-Historical Museum of Artillery, Engineers and
Signal Corps, St. Petersburg, inv. No. 9/7; 2 “tyufyak” from Rzev, Tver
State United Museum, Tver. After ([31], p. 229, Fig. 6). Afterdrawing G.
Zabiriski

be of Italian provenance, due to a strong presence of the
Genovese in the peninsula. This gun is 44 cm long, its
calibre is 8.1 cm and its weight is believed to be merely
11.5 kg. Another similar iron-forged artefact of the same
chronology is known from Rzev in Russia (Fig. 5(2)).
This gun’s total length is 46 cm and the calibre is 12.2—
12.7 cm ([32], p. 28, Fig. 4; [36], p. 59-60, Fig. 1; [37], p.
32, 34, cat. No. 1, PL. 1). These guns are quite similar to
the Grodno cannon, although they are iron and not cop-
per alloy. A copper alloy cannon was discovered in the
vicinity of Stary Krym in Crimea in 1966 (Fig. 6). Its total
length is 895 mm and its calibre is 148 mm. The find is
dated to the mid-15th c. and it may be of Turkish, Geno-
vese or local origin. The chase of the cannon is decorated
with what seems to be an “Eastern” ornament (inscrip-
tion?) ([32], p. 27-28, Figs.1-2; [36], p. 60—62, Figs. 3-5).
Furthermore, a possibly mid-15th c. veuglaire was found
in 1911 in the River Narva ([29], p. 222-223, Fig. 1).

An early handgonne dated to c. 1375-1450 was found
somewhere in Central Russia. A similar gun, dated to c.
1400, was discovered in the River Lukh in the Vladimir
Region ([30], p. 87—88, Fig. 41, P 28; see also [38], p. 42,
Figs. 28 and 33). Two fragments of hand-held gun bar-
rels and an iron fitting of such firearms that may be dated
to the late 15th—16th c. were found in the fortresses of
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Fig. 6 Light cannon from Stary Krym, Museum of Antiquities in
Feodosia. Drawing O. Mal¢enko. After ([32], p. 27, Fig. 2; [36], p. 61,
Fig. 4). Image courtesy Captain Yurii Kulikov. Afterdrawing G. Zabinski

Staraya Ladoga and Oresek in North-Western Russia
([39], p. 220-224, Figs. 2.1-3). It is generally assumed that
late 14th—15th c. hand-held firearms barrels from Rus
were made of iron ([38], p. 24, 25, 36, 38, 39).

Other analogies

One of the most obvious analogies is an early 15th c.
light field Teutonic cannon from Kurzetnik (Kauernick)
in Western Prussia (now North-Eastern Poland) (Fig. 7).
This gun shares the same construction design with the
cannon from Grodno, that is, a narrower breech and a
wider chase. Its dimensions are the following: total length
507 mm, calibre 135 mm, length proportion between the
calibre and the powder chamber 1:1.7, weight 42.28 kg.
Technological examinations have demonstrated that this
cannon was cast using copper with antimony (Sb) and
lead (Pb) impurities. Regrettably, no quantitative analysis
of the elemental content was carried out ([20], p. 155—
162, Figs. 1-9, p. 182, Fig. 37, p. 184-186, Fig. 38).

Attention is also drawn to a late 14th—early 15th c. cop-
per alloy cannon of possibly Bosnian origin, now in the
Museum fiir Deutsche Geschichte in Berlin (inv. No. W
347). Its total length is 65 cm, its calibre is 14 cm, its pow-
der chamber diameter is 5.2 cm and the weight is 80.3 kg.
The chase is somewhat wider than the breech, although
this difference is not that pronounced as in the case of
the cannon from Grodno ([2], p. 87; [40], p. 36).

A convenient analogy is also offered by a light field
cannon from the Zeughaus in Berlin. This gun is dated
to the 2nd half of the 15th c. and is probably related
to Burgundian-Swiss conflicts from the 3rd quarter of
this century. It is made from iron bars and is provided
with a holder and an additional iron ring. The barrel is
80.5 cm long, its calibre is 18.0 cm while the powder
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Fig. 7 Light field cannon from Kurzetnik. G. Zabiriski

chamber’s diameter is 5.0 cm. This gun is mounted
on a two-wheel carriage, provided with an “aiming
bracket” or a split-trail elevation ([4], p. 310-311, No.
25).

An interesting iron-forged field cannon is stored in
the Museum in Novy Bydzov in the Czech Republic
(barrel length 53.5 cm, calibre 11 cm, powder chamber
diameter 7.0 cm). The chase of this gun is also wider
than the breech, although not as much wider as in the
case of the Grodno gun. The Novy Bydzov cannon is
dated to the 1st quarter of the 15th c. ([2], p. 85, 88-89,
366, Pl. 86, cat. No. 71; [40], p. 36; for other similar
cannons see ([2], p. 89; [41], p. 91-92, Figs. 2-3).

Yet another relevant find is a copper alloy field can-
non from the fortress of Belgrade in Serbia. Its total
length is 84 cm, the breech length is 40 cm and the
calibre is 13 cm. The chase is somewhat wider than the
breech. This gun can possibly be dated to the 1st half
of the 15th c. and its deposition may be related to the
Turkish sieges of Belgrade in 1440 or in 1456 ([2], p.
87-88, Fig. 11; [42], p. 20).

Similar guns are often depicted in late medieval
and early modern period manuscripts. A good exam-
ple of a light cannon on a wheeled carriage provided
with an “aiming bracket” can be seen in the Anleitung,
Schiesspulver zu bereiten Biichsen zu laden und zu
beschiessen from the early 15th c. (Fig. 8(1)). A simi-
lar example is displayed in Das Buch von der Biich-
senmeisterei, dated to the 1460 s (Fig. 8(2)). The same
manuscript features yet another gun of this kind,
mounted on a much more complex wheeled carriage
(Fig. 8(3)). Analogous light cannons can also be seen
in the Miinchen copy of Maximilian I's Zeugbuch from
the beginning of the 16th c. (Figs. 8(4-5)).

Technology of early copper alloy firearms

Barrels of early firearms in Europe were made either of
iron and steel, or of copper and its alloys ([1], p. 11-19;
(2], p. 105-106, 214-238; [10, 11]; [46], p. 33—34). Strzyz
says that in the case of smaller copper alloy cannon bar-
rels the lost-wax or cire-perdue technique may have been
applied. A core was first prepared using a wooden shaft,
wrapped with ropes and covered with clay. The surface
of the core was then covered with tallow and wax. Next,
a clay mould was formed around the core. The mould
was then fired and the wax was melted away through
openings in the mould ([2], p. 225-226). In the end of
the first half of the 15th c. a new technology on the basis
of wooden models was introduced. It allowed for the
serial production of barrels of hand-held firearms ([2], p.
225-227).

The process of casting a large Turkish cannon’s breech
during the siege of Constantinople in 1453 was described
by Kritoboulos in 1467. First, a cylindrical core was pre-
pared using clay and linen. Then, a clay and linen mould
was made and it was additionally strengthened using tim-
ber, wood, stones and earth. The core was placed inside
the mould in such a manner that empty space for the
cast metal was left (Kritoboulos’ account after ([47], p.
186-187).

The issue of cannon barrel casting was discussed in
great detail by a Sienese metallurgist Vannoccio Bir-
inguccio in the first half of the 16th c. First, a pattern
exactly reproducing the shape of the gun is prepared on a
wooden beam, wrapped around with a rope and covered
with clay and ash. Then, a feeding head which will be
placed at the mouth of the gun is made. Next, two clay or
wooden discs are prepared. These will be placed at both
ends of the model and will accommodate both ends of an
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Fig. 8 Light field cannons in late medieval and early modern period manuscripts—selected examples: 1 [43]. Copyright Bayerische Staatsbibliothek
Miinchen; 2 ([44], p. 32v). Copyright Germanisches Nationalmuseum Nirnberg; 3 ([44], p. 21r). Copyright Germanisches Nationalmuseum Nirnberg;
4 ([45], p. 187v). Copyright Bayerische Staatsbibliothek Minchen; 5 ([45], p. 188v). Copyright Bayerische Staatsbibliothek Miinchen
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iron core. Trunnions are fastened to the pattern, and they
are covered with ash and tallow. Then, the mould is made
of layers of loam, reinforced with an iron “cage’, and cov-
ered with another layer of clay. The mould is dried and
heated and when the wax and tallow between the pat-
tern and the mould are melted, the pattern is removed.
An iron ring with four legs is then placed at the end of
the mould in order to hold the core in its centre. The core
is made from an iron spindle covered with ash, ropes,
hemp tow and a mixture of various components. It is
then layered with clay and dung until the core’s thickness
roughly matches the projectile’s diameter. The breech’s
mould is prepared analogously to the barrel's mould
([48], p. 234—249). The mould with the core inside (see
Fig. 9) is vertically placed in a pit in front of the furnace
([48], p. 249-260). Concerning the alloy composition, a
usual proportion for bronze is 8—12 lb of tin per 100 1b
of copper (i.e., 7.4-10.7% Sn and 89.3-92.6% Cu) while

Page 9 of 22

the best recipe for bells’ metal is 23-26 Ib of tin (i.e.,
18.7-20.6% Sn and 79.4—81.3% Cu). For “all other works”
the content of tin is 12 Ib (i.e., 10.7% Sn) or more ([48],
p. 210-211). In the course of casting attention must be
paid to the melting loss of material (5-10%) ([48], p.
266). Some tin should be added at the end of the process
to make sure that the alloy will be of proper fluidity and
will be devoid of holes ([48], p. 259-260). Eventually, the
gun is extracted from the pit, the mould and the core
are removed and finishing work is carried out ([48], p.
307-312).

Numerous fragments of clay and metal moulds for cast-
ing cannons, lumps of clay and copper alloy, and remains
of casting installations were discovered in the Teutonic
Order’s capital Castle of Marienburg (Malbork) at the
site of a former foundry [49, 50]. Written records from
the Teutonic Order’s state in Prussia contain numerous
references to gun casting ([9], p. 99-101). Remains of a

Fig. 9 A reconstruction of the gun mould. After ([9], p. 98, Fig. 1). A Main body mould; B breech mould; C core; D iron chaplets holding the core; E
clay disc holding the core; F bricks closing the trunnion cavities; G feeding head
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gun foundry from the late 15th-early 16th c. were also
recorded in the course of excavations at the castle hill in
Buda in Hungary [51].

In Central Europe, numerous examples of hand-held
firearms from the period between the late 14th and the
3rd quarter of the 15th c. were made of copper alloys ([2],
p- 30-34, 36, 37, 39-41). Mentions in written sources
suggest that in this period there was (at least locally) a
preponderance of copper and copper alloy hackbuts over
iron ones. This fact is in contrast to the proportion of
surviving artefacts, where iron guns prevail. This can be
explained with widespread recycling of outdated or dam-
aged copper alloy barrels ([2], p. 47-51; [23], p. 100; see
also [52], p. 113-121]). Copper alloy barrels can also be
found in hand-held firearms in the 2nd half of the 15th—
early 16th c. ([2], p. 55, 56, 63, 64). A preponderance of
copper alloy hand-held firearms in the first half of the
15th c. has also been suggested for other parts of Europe
([53], p- 68-71, 301-304), but this was not necessarily a
universal rule ([4], p. 217; [53], p. 316, 454, 555-556).

Among the surviving specimens of so-called terrace-
guns (a type of light cannons) in Central Europe, there
is an almost total absence of copper alloy barrels. This
may also be due to mass recycling of old guns, as written
sources from the first half of the 15th ¢. mention copper
or bronze barrels much more frequently than iron ones
([2], p- 78, 80-81). Examples of both iron and copper or
copper alloy light field cannons are known, and copper
guns of this kind are mentioned in written sources ([2],
p. 85-92). Among veuglaires there is a preponderance of
iron barrels, although copper and copper alloy ones are
known from written records, too ([2], p. 93-101). In the
case of the largest cannons, iron and a stave-and-hoop
construction were preferred in Europe, but huge bronze
cannons are also known both from surviving artefacts
and from written sources ([1], p. 20; [2], p. 104-106, 108—
109, 232-233; [4], p. 204, 262-267; (7, 8], [40], p. 79-80,
Tabs. 1-2). In general, it can be assumed that in the
period to the mid-15th c. copper alloy guns were more
popular than iron ones ([2], p. 213-214). In the Italian
Peninsula, iron cannons were still in use in the late 15th—
early 16th c., but the significance of bronze ordnances
(especially the largest ones) was constantly increasing
([54], p- 756-770, Table 1). Copper cannons in castles
and towns in the south-eastern part of the Habsburg
realm (present-day Slovenia) are sometimes mentioned
in the afore-mentioned Miinchen copy of Maximilians
Zeugbuch from the early 16th c. ([55], p. 66, 67).

The Teutonic Order was one of the parties involved
in fights over the Old Castle in Grodno. Therefore, it
is worth paying attention to abundant data in written
sources concerning the technology of manufacture of
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copper alloy firearms in the Order’s state in Prussia.
Regrettably, nothing comparable is available for Poland
or Lithuania. Mentions of copper guns in the Order’s
accounts and inventories are not frequent. On the other
hand, it is evident that a difference between copper and
bronze guns was known to the authors of these records,
as they make a distinction between kopperyne/kop-
peren (copper) and erynne/eren (bronze) firearms. Cop-
per firearms in the Teutonic Order’s state were either
hand-held guns or lighter cannons ([9], p. 86—88).

Concerning a general pattern of use of metals for
gun barrels in the Teutonic Order’s state in the period
between the late 14th and the early 16th c., there was
a preponderance of copper and copper alloy guns over
iron ones. 385 guns were recorded in written sources,
and more than 65% of these were made using copper
and its alloys, copper guns being more than 17% ([9], p.
84-88, Table 1).

A preponderance of copper alloys is even more vis-
ible in manufacture and purchase of new firearms,
although it must be remembered that the lion’s share
of this data comes from a narrow period of the early
15th ¢. Among 103 acquired guns, almost 80% were
made using copper and its alloys, the share of copper
guns being about 6.8%. A dominance of copper alloys
is even more pronounced in the case of artillery (92.7%
cases) and almost all the largest guns acquired by the
Order were made of bronze. This alloy must have been
considered the best material for the heaviest cannons,
in spite of the fact that bronze was more expensive than
iron. This implies that more attention was paid by the
Order’s authorities to quality than to economic costs
([9], p. 87-92, Table 2); on quality issues of bronze and
iron artillery see also, e.g., ([54], p. 756-757).

The Teutonic Order’s guns cast at Marienburg (Mal-
bork) in 1401 were manufactured of almost pure cop-
per (about 97-97.5% Cu). A rather low amount of tin
(about 2.5-3% Sn) did not have much influence on their
utilitarian properties. This low content of Sn may have
been related both to the use of recycled metal or to
Sn impurities in particular copper ores. Provided that
these guns were of more or less equal weight, they were
probably rather small ordnances (about 120 kg each).
Therefore, their manufacturers may have assumed that
such a composition would suffice to provide these guns
with proper toughness. In two veuglaires from 1403, the
proportion of tin was much higher (almost 11% Sn) and
these ordnances may have been smaller than the guns
from 1401. The total weight of one cannon with three
powder chambers was perhaps a bit more than 100 kg,
that is, about 70-76 kg for the chase with one chamber.
It could be assumed that these veuglaires were manu-
factured using tougher and harder metal as they were
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exposed to stronger wear in result of a higher rate of
fire ([9], p. 101-103; [23], p. 107].

The chemical composition of the three largest Teu-
tonic cannons varies. Regarding the largest ordnance,
that is, the Grose Bochse, the content of tin is nearly 13%
Sn, which may suggest extra toughness. The amount of
tin was even higher (nearly 17.5% Sn) in the case of the
Bochse nest der grosen. On the other hand, worth noting
is the share of lead (0.85% Pb) in the metal of the Grose
Bochse. It was added when the chase of the ordnance was
cast again. As regards the Lange Bochse from 1409, its tin
content (more than 5.5% Sn) is more similar to that in
the smaller cannons than in the largest ordnances ([9], p.
103; [22], p. 56, 58—60; [46], p. 3233, Table 1).

Technological examinations of the cannon

from Grodno

Methods

Four samples were analysed—three of these (Samples
1-3) came from the loose parts of the chase found with
the cannon, while Sample 4 was taken from the front
edge of the chase part within the gun’s main body (see
Fig. 3). The samples were mounted in Electro-Mix elec-
troconductive resin, ground on SiC papers (500, 800,
1000, 1200, and 2000 grits) and polished with diamond
pastes (6, 1 and 0.5 pm). Next, they were etched with a
Mil7Cu reagent (10 g FeCls;, 30 ml HCI, 120 ml C,H;OH)
for 2 s in order to reveal the microstructure. Metal-
lographic observations (for Samples 1 and 4 only) were
carried out with an OptaTech MM100 inverted metal-
lographic microscope (magnifications x50—x200; bright
field) coupled with a 16 mpx digital camera. Chemical
composition analyses of all samples were carried out
with a JEOL JSM-6480 scanning microscope operating at
20 kV and equipped with an IXRF Si(Li) LN, EDS-type
detector. The equipment was energy calibrated using an
Al-Cu reference sample by Agar Scientific. The meas-
urement time was 50 s per point and quantitative analy-
ses were done using the standard-less method with the
ZAF correction. The detection limit was 0.1wt%, and the
measurement error was < 10% for major elements (above
1.0 wt%) and <30% for minor elements (below 1.0wt%).
Results are averages of several measurements over the
whole surface of each sample (see Table 1). While dis-
cussing the results of the technological analyses it must
be remembered that the artefact was found in a fire-
related archaeological layer. Thus, a prolonged exposure
to heat may have influenced the cannon’s microstructure.

Results and discussion

Microscopic observations have revealed the pres-
ence of high pore density in the metal of the cannon
(an effect of gases remaining in the liquid in the course
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of solidification), especially in Sample 4 from the chase
(Figs. 10b, ¢, 11a, b, 12a, b, d, f, and 13a, b). The pores
are regular in shape, which may indicate that they were
formed while the liquid metal was poured into the mould
and were trapped by crystallisation processes. Such
undesirable structures in the metal could actually have an
adverse effect on the mechanical properties of the mate-
rial [47]. Interestingly, considerable porosity of the micro-
structure was also found out in the metal of the Teutonic
light cannon from Kurzetnik (Kauernick) ([20], p. 182,
Fig. 37, p. 186]. This may indicate that late medieval
metalworkers assumed that this defect would not pose a
problem with the use of guns (on porosity that frequently
occurs in large castings see also ([47], p. 192; [56], p. 88]).
The method of casting of the artefact also influenced the
shape and size of grains. These are usually equiaxial and
their sizes strongly vary. In most cases these are 100—
200 um in diameter, but larger grains of up to 500 um
were observed as well (Figs. 10b, d, f, 11a, b, 12b, d, f, and
13a, b). Usually, grains in archaeological copper alloys
are smaller, values below 50 pm being the most frequent
([56], p. 59, Fig. 3.38). There are no grain elongations and
the grain shape is usually regular, which indicates that
the metal did not undergo any cold-working after cast-
ing (cf. [57], p. 42-44). No dendritic structures which
remain in as-cast metals ([56], p. 58, 59, 83) can be seen.
Repeated annealing usually removes such structures ([5],
p. 93-94; [56], p. 100—101), but such a procedure would
be unlikely in gun manufacture. Therefore, the absence of
dendrites is to be attributed to the casting process itself
and to a rather slow cooling rate (maybe in a pre-heated
mould?), which may also be indicated by the large grain
size ([5], p. 94; [47], p. 193, 197, 201, 204; [56], p. 59, 83,
155). No dendritic structures were reported in the metal
of the Kurzetnik (Kauernick) cannon, either ([20], p. 182,
Fig. 37).

Inclusions were found in some places in the Cu alloy
matrix (Figs. 10e, 11b, and 12, e, f). The EDS examina-
tions demonstrated that the inclusions in the metal gun
mainly contained Cu, S, Pb, Sn and Fe (see Table 1).
Thus, they may be copper sulphides. Sulphide inclusions
(Cu,S or others) can frequently be found in archaeologi-
cal copper alloys and their presence is usually related to
the use of sulphide-rich ores ([56], p. 3, 10, 11, 13, 34,
35, Figs. 3.14-3.15, p. 44, Fig. 3.25, p. 56, Fig. 3.34, p. 87,
Fig. 4.20, p. 89, Fig. 4.22, p. 94, 139; [58]). Most interest-
ingly, copper sulphides were also identified in the metal
of the Kurzetnik (Kauernick) cannon ([20], p. 184, 186,
Fig. 38c, d), which might also imply that the metal was
smelted of such ores.

The EDS examinations demonstrated that the can-
non from Grodno had been cast using leaded copper
(Table 1). The average value of Cu is 90.96%, the Sn
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200um

e

f

500um

Fig. 10 Cannon from the Old Castle in Grodno, Sample 1—results of metallographic examinations. a general view of the sample with zones of
detailed observations (1-4). b, ¢ microstructure in Zone 1, pores of various size and shape. d, e microstructure in Zone 2, CuS inclusions (light blue)

in the Cu-Pb matrix. f microstructure in Zone 3, numerous pores

.
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a

b

Fig. 11 Cannon from the Old Castle in Grodno, Sample T—results of metallographic examinations. a, b microstructure in Zone 4, numerous pores
and an isolated CusS inclusion (light blue) in the Cu-Pb matrix

content is 1.01%, while the content of Pb is 3.77%. This
implies that lead may have been deliberately added to
improve the alloy’s casting properties (cf. [5], p. 94); on
leaded copper see also ([56], p. 153-154). The content
of Sn (1.01%) is too low to have any practical influence
on the alloy’s properties. The amount of Sb (0.76%) may
have somewhat increased the metal’s toughness, but its
low content indicates that Sb was impurity ([56], p. 137,
139-143) and not intentional additive to the alloy. Yet
another likely impurity is Ag (0.76%). All these elements
may either be related to the ore of which the metal was
smelted, or their presence may be a result of the use of
recycled metal, possibly from multiple sources.

In order to trace possible technological similarities
between the Grodno cannon and other copper alloy
guns, these results can be compared with observations
concerning the elemental composition of other firearms.
The number of medieval and modern period copper alloy
guns which underwent technological examinations focus-
ing on the elemental composition of their barrels is far
from satisfactory. However, a short list of results was pre-
pared on the basis of available literature (including data
from late medieval written sources). Concerning written
sources, for obvious reasons a prominent place is held by
records related to the Teutonic Order. It must naturally
be remembered that individual cases are not always fully
comparable due to different analytical methods (in most
cases, these guns were examined with the XRF method),
equipment, research procedures (especially sampling
strategies), and so on. Furthermore, late medieval writ-
ten sources offer rather estimates than exact figures and
these obviously contain data on a few major elements
only. Nevertheless, some interesting hypotheses can be
proposed (see Additional file 1: Sheet 1, all data in wt%).

The first important observation is that although later
guns (i.e., those dated to the second half of the 15th c.
or later) were usually made of copper alloys with less
than c. 95% Cu and more than c. 5% Sn or other alloy
components, there are also artefacts whose alloy con-
tains a higher amount of Cu. Such firearms could per-
haps be termed “copper guns” by people of those days.
The use of alloy with c. 95% Cu or more seems to have
been limited to hand-held firearms and lighter guns, a
9100 kg heavy Swiss cannon from 1409 being a nota-
ble exception. Regarding the heaviest cannons, most
of these were cast using bronze containing at least c.
10% Sn, which seems to match toughness requirements
that were expected in the case of such ordnances. The
tensile strength of pure copper is about 35 mkg/cm?
and increases up to c. 50 mkg/cm? when the Sn con-
tent is about 5%. The strength of tin bronze reaches its
maximum value of c. 70 mkg/cm? for the Sn content of
about 13%. Above this value, the tensile strength gradu-
ally decreases to over 20 mkg/cm? when the Sn con-
tent reaches 25% ([56], p. 149, Fig. 5.16). It is therefore
obvious that the share of c. 10-13% of Sn was the most
proper for the largest cannons, which were exposed
to the heaviest stress in the course of their use. Atten-
tion is also drawn to the share of Pb, which may even
reach more than 15%. This may be a result of composi-
tional differences between various parts of a given gun.
In the case of some 16th c. cannons from a Venetian
shipwreck found near Sv Pavao in Mjlet Island (Croa-
tia), the amount of lead was the lowest in the muzzle
and the highest in the breech. What is more, these dif-
ferences may also be due to sampling procedures ([6],
p. 157; [56], p. 83). Samples were taken from surface
layers, and as the temperature of solidification of Pb is
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Fig. 12 Cannon from the Old Castle in Grodno, Sample 4—results of metallographic examinations. a general view of the sample with zones

of detailed observations (1-4). b, ¢ microstructure in Zone 1, pores of various size and shape, sometimes with CuS inclusions (light blue). d, e
microstructure in Zone 2, pores of various size and shape, sometimes with Cus inclusions (light blue). f microstructure in Zone 3, pores and a CuS
inclusion (light blue)
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Fig. 13 Cannon from the Old Castle in Grodno, Sample 4—results of metallographic examinations. a, b Microstructure in Zone 4, numerous pores

lower than that of Cu and Sn, Pb tends to migrate to
the surface. Thus, the results obtained on the basis of
samples taken near the surface are not representative
for the chemical composition of entire artefacts ([59],
p- 57]). A similar observation concerning the varying
amount of Sn in the alloy due to different solidification
temperatures of Cu and Sn was stated by Morin for two
16™ Venice cannons ([60], p. 10). It is of interest that a
considerable amount of Pb can be found both in hand-
held firearms as well as in cannons. Lead may have been
added to secure better casting properties and elasticity
([5], p- 94, 101-102; [61], p. 3063—-3064), but the actual
effect of a too high content of Pb on the gun’s perfor-
mance may have in fact been the opposite ([9], p. 103).

There are other guns where the contents of Cu (about
90%) and Sn (about 1-2%) are similar to those in the
Grodno gun (Additional file 1, Sheet 1, Nos. 10-11,
32-33, 55-56), but the content of Pb was usually dif-
ferent (either below 1% or above 6%). Concerning guns
where the Pb content was similar (i.e., about 3—5%) to
that in the Grodno cannon, it was usually accompanied
with a higher content of Sn (above 5%, sometimes even
8-9%) (Additional file 1, Sheet 1, Nos. 35, 47-50, 65),
which certainly influenced the alloy’s properties. Only
in the case of a 15th c. hand-held gun from Vale¢ov in
Bohemia the contents of Cu, Pb and Sn were close to
those in the Grodno cannon (Additional file 1, Sheet
1, No. 11—93.03% Cu, 4.32% Pb and 1.04% Sn). Simi-
larities were also found concerning the front sample
from Cannon 3 from the 16th c. shipwreck in Sv Pavao,
Croatia (Additional file 1, Sheet 1, No. 32—91.15% Cu,
4.27% Pb, and 1.21% Sn), but this is obviously not rep-
resentative for the entire gun (Additional file 1, Sheet 1,
Nos. 32—34 and their average chemistry).

In order to better visualise possible technological simi-
larities, results were normalised to 100% and were dis-
played on a Cu-Pb-Sn ternary graph (Fig. 14) (see also
bivariate scatterplots of Cu-Sn, Cu-Pb, and Pb-Sn,
Additional file 1, Sheets 3—4). Observations where vari-
ables were missing were discarded. For the sake of a bet-
ter representativeness, data from individual samples and
not averages for the entire guns were used. All operations
were carried out in XLSTAT, Ver. 2021.1.1. The afore-
mentioned similarity between the Grodno cannon, the
hand-held gun from Valecov and the front part of Can-
non 3 from Sv Pavao is evident. With regard to a high
amount of Cu and a low amount of Sn (3% or less), atten-
tion is also drawn to a late 14th c. bolt gun from Loshult
in Sweden, a mid-15th c. hand-held gun from Wenecja
in Greater Poland, two mid-15th c. hand-held guns from
Msténice in Moravia, and a 16th c. swivel gun from Benin
in Nigeria. It is worth noting that all these are either
hand-held firearms or light cannons. Therefore, in the
case of the Grodno gun the contents of elements which
were the most crucial from a utilitarian point of view is
not uncommon for light firearms. The choice of alloy
for the Grodno gun may have been meant to facilitate
the manufacturing process, as no extra toughness was
needed in such a light field cannon.

Possible provenance of the Grodno gun

Provenance of an archaeological find understood as the
place or region where it was made and provenance of its
raw material are in many cases two different things. This
is especially true for copper alloy artefacts, as copper ores
are by far not as frequent as, e.g., iron ores. Regarding the
place of manufacture of the Grodno gun, the archaeo-
logical and historical evidence could equally suggest a
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Table 1 Elemental composition of the cannon from Grodno (wt%)

Cu Pb Sn Al Si S Ti Cr Mn Fe Ni Zn As Ag Sb Total

Sample 1 (Chase Part 1)
Zone 2 inclusions

Point 1 7583 375 043 084 011 1479 027 012 025 139 056 034 000 024 1.08 100.00
Point 2 7990 373 078 056 000 1230 019 036 016 029 040 029 000 052 052 10000
Point 3 7491 272 045 046 000 1516 000 018 023 306 023 080 000 058 1.22 100.00
Zone 2 matrix
Point 4 9299 318 065 013 010 022 018 021 017 025 032 040 013 054 053 100.00
Zone 4 inclusion
Point 5 7334 486 040 084 000 1735 021 040 010 058 056 029 030 000 078 100.00
Zone 4 matrix
Point 6 91.14 399 162 012 027 000 025 019 010 027 042 030 000 082 050 100.00
Area9.375mm? 9040 530 073 000 040 000 033 020 023 018 040 036 000 084 062 100.00
Avg matrix 9151 416 1.00 008 026 007 025 020 017 023 038 035 004 073 055 100.00
SD matrix 133 107 053 007 015 013 007 001 006 005 005 005 008 017 006
Sample 2 (Chase Part 2)
Matrix
Point 1 9157 471 033 015 029 010 025 022 026 021 027 049 000 044 01 100.00
Point 2 9136 399 080 021 014 000 022 043 015 024 023 061 000 106 054 100.00
Point 3 9216 355 1.05 034 000 000 015 019 018 026 000 043 000 033 137 100.00
Point 4 9426 246 096 014 0.00 000 026 015 015 024 019 024 000 062 032 100.00
Point 5 90.13 519 049 000 024 000 030 037 013 026 018 072 000 104 094 100.00
Point 6 9123 276 047 010 037 000 017 000 021 055 027 044 1.46 1.11 0.87 100.00
Point 7 9207 375 055 013 023 000 015 015 011 031 017 047 021 069 101 100.00
Point 8 9119 386 122 000 030 010 027 026 013 035 042 049 030 053 058 100.00
Point 9 90.22 520 112 014 014 017 014 015 010 027 033 053 000 060 089 100.00
Point 10 9224 183 094 020 025 038 031 018 020 038 029 054 116 061 053 100.00
Avg matrix 9164 373 079 014 020 007 022 021 016 031 023 050 031 070 078 100.00
SD matrix .17 113 031 010 012 012 006 012 005 070 011 013 054 027 030
Sample 3 (Chase Part 3)
Matrix
Point 1 89.82 507 089 013 029 000 033 023 023 023 059 039 061 066 054 100.00
Point 2 91.20 291 105 013 036 000 028 026 021 037 065 098 000 072 087 100.00
Point 3 9044 408 126 023 032 024 029 024 024 060 041 036 000 049 081 100.00
Point 4 9062  3.58 114 010 026 000 023 029 037 045 037 066 013 070 1.10 100.00
Point 5 9113 167 148 028 012 000 025 033 045 027 040 092 097 082 093 100.00
Point 6 89.75 3.88 112 000 026 015 030 031 020 038 073 066 044 078 1.04 100.00
Point 7 89.80  4.59 103 016 021 020 029 037 011 040 039 062 000 085 099 100.00
Point 8 90.57 087 143 010 021 000 038 059 020 044 077 118 169 114 044 100.00
Point 9 89.24  0.89 143 000 052 115 045 040 013 115 060 080 1.26 140 058 100.00
Point 10 8892 545 078 000 0.19 000 037 037 032 040 074 031 029 067 120 100.00
Avg matrix 90.15 3.30 116 0.1 027 017 032 034 025 047 057 069 054 082 085 100.00
SD matrix 077 1.67 024 0.10 011 0.35 007 011 o011 0.26 0.16 029 059 026 026

Sample 4 (chase)
Zone 1 matrix

Point 1 8940 527 095 000 040 000 046 015 041 031 068 070 000 041 086 100.00
Zone 1 inclusion
Point 2 70.23 379 045 0.19 0.00 2234 044 0.27 020 037 036 034 000 0.00 1.03 100.00

Point 3 69.16 278 075 040 000 2336 038 018 019 035 060 032 105 000 049 100.00
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Table 1 (continued)
Cu Pb Sn Al Si S Ti Cr Mn Fe Ni Zn As Ag Sb Total

Zone 2 inclusion

Point 4 69.08 415 104 013 013 2214 045 024 020 081 039 033 000 024 067 100.00
Zone 2 matrix

Point 5 9229 176 099 013 028 000 026 024 017 031 031 058 050 063 157 10000
Zone 3 inclusion

Point 6 7029 467 040 019 000 2130 025 037 017 027 041 033 014 040 081 100.00
Zone 3 matrix

Point 7 9254 226 083 000 0.0 013 047 035 019 031 0.31 026 026 110  0.88 100.00
Zone 4 matrix

Point 8 90.53 467 149 000 0.10 018 019 013 000 029 045 041 015 044 099 100.00

Point 9 90.10 540 082 033 0.00 000 030 022 014 044 031 065 000 076 055 100.00

Point 10 9162 302 119 000 013 000 037 016 000 034 060 070 024 091 073 10000

Point 11 9043 417 1.01 0.15 0.8 000 018 039 019 035 033 079 000 064 1.19 100.00

Point 12 9049 326 130 011 021 015 050 034 019 041 069 034 034 105 063 10000

Point 13 89.05 5.19 103 000 043 000 025 032 020 053 042 073 040 095 051 100.00

Avg matrix 90.72  3.89 107 008 020 005 033 025 016 037 046 057 021 076  0.88 100.00
SD matrix 121 137 022 011 014 008 012 010 012 008 016 019 019 025 034
Avg all matrix 91.00 377 1.01 010 023 009 028 025 018 034 041 053 028 076 076 100.00

Teutonic or Polish workshop. Its Rus-Lithuanian manu-
facture seems much less probable, as all known early
firearms from this part of Europe are iron. A Teutonic
provenance of the Grodno gun could only tentatively be
supposed, based on an established tradition of manufac-
ture of copper guns by the Order. It must be remembered,
however, that much more is known on the technology of
manufacture of firearms in the Teutonic Order’s state
than in Poland in the discussed period ([2], p. 214-232).
As mentioned, Sb impurities were also found in the metal
of the Teutonic cannon from Kurzetnik (Kauernick).
What is more, sulphide-rich copper ores may have been
used to obtain the metal in the case of both these guns.
However, these similarities are certainly not enough to
propose a common provenance of these cannons.

A few attempts at assessing the provenance of metal
in copper alloy firearms have been undertaken in previ-
ous research. Concerning two late medieval hand-held
guns from Kalisz and from Wenecja (both in Greater
Poland), on the basis of the content of As (1.19% and
1.56% respectively) a Polish source of metal has been
proposed, but with no further details. Regarding the late
medieval hand-held guns from Rakov and from Valecov
in Bohemia, it has been suggested that the contents of Ag
and Sb (Rakov—2.1% Ag and 2.4% Sb; Valecov—0.26%
Ag and 0.58% Sb) may imply that the metal came from
Bohemian mines in Kutna Hora ([2], p. 229-230). As far
as three copper alloy late 16th—early 17th c. Venetian
cannons from the wreck site of Megadim in Israel are
concerned, Ashkenazi et al. have stated that similarities

in their chemistry may suggest the same raw material.
Furthermore, they have suggested that Pb isotopic exami-
nations may be of use to assess the metal’s provenance.
This, however, could be related to certain difficulties, as
in two cannons the content of Pb was below 1 wt% ([5],
p. 101).

In the recent years there has been a considerable pro-
gress in copper provenance analyses using Pb isotopic
ratios, often combined with minor elements (e.g., Sb, As,
Ni, and others) (for a historical outline and a theoreti-
cal background see, e.g., [62—64]). Hauptmann et al. dis-
cussed Late Chalcolithic and Early Bronze Age artefacts
from Arslantepe in Anatolia [65]. Pb isotopic ratios were
used by Niederschlag et al. for the purpose of defining the
provenance of Early Bronze Age copper and bronze arte-
facts from Bohemia, Central Germany and Poland [66].
Prehistoric copper ore mining in the Eastern Alps has
been a subject of several studies on the basis of Pb iso-
topic ratios and trace elements (Ag, Sb, Ni, As, and oth-
ers) [67—69]. Pryce et al. have carried out a broad-scale
study on South Eastern Asian copper alloy exchange in
the period of c. 1000 BC-c. 500 AD [70]. Pollard et al.
paid attention to behaviour of certain elements (As, Sb,
Ag, Ni) in alloys during alloy re-melting and their signifi-
cance in characterising the metal during its life history.
Combined with observations on the contents of Sn, Zn,
and Pb as major alloying elements, this allowed for a new
look on patterns of copper alloy recycling. These schol-
ars also proposed a new approach, where the Pb chemi-
cal concentration is used together with its isotopic ratios
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Bohemia; 12: Karpenstein, Silesia; 13: Smederovo, Serbia, 14: Gun 1, Msténice, Moravia; 15: Gun 2, Msténice, Moravia; 20: Grose Bochse, Marienburg,
Teutonic Order; 28: Cannon 1, Sv Pavao wreck, Mljet, Croatia; 29-31: Cannon 2, Sv Pavao wreck, Mljet, Croatia; 32—-34: Cannon 2, Sv Pavao wreck,
Mljet, Croatia; 35: Cannon 4, Sv Pavao wreck, Mljet, Croatia; 36: Cannon 5, Sv Pavao wreck, Mljet, Croatia; 37: Cannon 6, Sv Pavao wreck, Mljet, Croatia;
38: Cannon 7, Sv Pavao wreck, Mljet, Croatia; 39: Cannon 8, Sv Pavao wreck, Mljet, Croatia; 42: Benin, Nigeria; 43-46: Cannon A, Megadim wreck site,
Israel; 47-50: Cannon B, Megadim wreck site, Israel; 51-54: Cannon C, Megadim wreck site, Israel; 55-58: Chamber 1, Megadim wreck site, Israel; 59:

South North Sea; 60-64: cannons from Euro-Maasgeul Channel (for details see Additional file 1: Sheet 1)

[71]. Rademakers et al. investigated copper provenance
in Late Bronze Age Egypt [72], and the provenance of
copper artefacts from the Early-Middle Copper Age in
the Great Hungarian Plain was discussed by Sikldsi and
Szilagyi [73]. Nergaard et al. discussed questions of prov-
enance and circulation of copper alloys in Early Bronze
Age Scandinavia [74]. There is also a recent provenance
study by Kowalski et al. on the basis of Ag—Sb and Pb/
As—Pb bivariate scatterplots [75]. The state of debate on
the provenance and use of metals in Bronze Age Europe
has recently been discussed by Radivojevi¢ et al. They
reviewed a number of issues, including research and
presentation standards, or a significance of open access
online data repositories (OXALID and others). Attention

was paid to methods of provenancing and their limita-
tions, especially those caused by recycling and mixing of
metal. Questions of copper distribution and circulation
patterns were also dealt with [76].

However, on the basis of the available data it is
impossible to propose the provenance of the metal of
the light field cannon from Grodno. This issue requires
a separate study, which must commence with an inves-
tigation of resources and trade patterns of copper, tin
and lead in this part of Europe in the Late Middle Ages.
A lot of information can be obtained from written
sources. For instance, it is known that part of copper
for the Teutonic Grose Bochse from 1408 came from
Banskd Bystrica (Besztercebanya) in Upper Hungary
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(present-day Slovakia) ([46], p. 33) (on Upper Hungar-
ian copper ore mines see, e.g., [77], p. 88]). Numerous
impurities that are present in the metal of the Grodno
gun (Sb, Ag and others) may be of use in selecting pos-
sible ore sources of which the cannon’s metal may have
been smelted. As it can be seen, the Ag and/or Sb con-
tents that were found in the Grodno cannon are simi-
lar to those reported for some late medieval firearms
from Central Europe (Additional file 1: Sheet 1, Nos. 7,
12, 14, and 15), which may offer a hint in future prov-
enance studies.

Conclusions and suggestions for further research
The discussed cannon from Grodno is a very interest-
ing example of early firearms from Eastern Europe. It
seems to be a rather typical representative of light field
cannons, both with regard to its morphology and the
chemical composition of the alloy. Concerning the latter
trait, attention is drawn to a high amount of Pb, which
may have been added to the alloy in order to facilitate the
casting process. On the basis of both archaeological and
historical evidence as well as available analogies, the late
14 ¢. chronology of the artefact can be safely proposed.
The cannon must have been related to the troops that
participated in the hostilities over Grodno in the period
in question. Its Teutonic manufacture could only spec-
ulatively be proposed and on the basis of available data
nothing can be said on the provenance of its metal. On
the other hand, both the Grodno gun and the Teutonic
cannon from Kurzetnik (Kauernick) were made from
the copper alloy with Sb impurities, and in both cases
the metal may have been smelted of sulphide-rich cop-
per ores. Furthermore, the Ag and/or Sb contents in the
Grodno gun metal are similar to those in some Central
European firearms. All this can be of use in a future prov-
enance study of this cannon.

It can be hoped that technological examinations of
medieval and modern period firearms will continue and
more will be known on methods of their manufacture.
Eventually, new technological analyses may also bring
more data that would allow for more advanced prov-
enance studies of old firearms. Concerning copper alloy
gun manufacture in the Teutonic Order’s state, a great
research potential rests in archaeological finds from the
foundry area at the Castle of Marienburg (Malbork).
Furthermore, the metal of the Teutonic cannon from
Kurzetnik (Kauernick) can be re-examined in order to
obtain more detailed data on its chemistry. It is there-
fore highly recommended to carry on a provenance study
on the Grodno gun with the most up-to-date scientific
methods.
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