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ROCK MATERIALS IN THE MANUFACTURE OF CANNONBALLS IN POLAND
- SELECTED EXAMPLES!

In studies on the manufacture of historical arms and
armour, researchers usually focus on identifying the tech-
nology of weapons forged from iron alloys, most commonly
swords, followed by other blade and blunt weapons. Little
attention is paid to projectile arms, but the issue of pro-
duction of artillery ammunition is completely overlooked.
So far, no studies of this kind were published in the Polish
literature, no otherwise in the rest of Europe: the subject
was considered marginally at most. Therefore, the research
program on the development of early firearms in Poland
included petrographic analysis of stones used in the pro-
duction of cannonballs from four, quite precisely dated
assemblies of Bolestawiec on the Prosna River, Chojnice,
Czluchéw and Puck (Fig. 1). The conducted expertises
allowed an accurate characterization of used stones, includ-
ing the determination of defects in the material, and made
it possible to trace the ways of their distribution.

Historical-archaeological background
of examined assemblages

Amongst the analyzed missiles, the oldest artefact is
a 15 cm diameter ball from Bolestawiec on the Prosna River
(Fig. 2:1). The deposition of this and other, larger calibre
munitions from the Bolestawiec assemblage took place
during the military activities of Wtadystaw Jagietto and his
conflict with Wiadystaw Opolczyk in the years of 1391—
1396. The hostilities in the vicinity of Bolestawiec con-
centrated in 1393 and 1396, when the princely castle was
besieged with artillery, as evidenced by historical accounts
from Krakéw?. It is likely in this case that some war materi-
als, including ammunition, had been prepared in advance
and transported to the selected objects.

Research in Puck (Putzig) provided an interesting col-
lection of missiles (Fig. 3). 22 cannonballs of 5.5-13.5 calibre
and weight of 0.3-3.5 kg were acquired. All these findings
come from the west side of the castle: specimens of greater
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2 Najstarsze ksiggi i rachunki miasta Krakowa od r. 1300
do 1400, eds. J. Piekosinski, J. Szujski, Krakéw 1878, Vol. 2,
pp. 244, 245.

diameter (9.0—13.5 cm) were excavated in the area of the castle
gate, smaller ones (5.5-8.5) near the castle house. The chro-
nology of this set is defined by a layer dated to the 1350s and
1360s, which can be also correlated with information about
the Castle Puck. The castle house had been built in the early
years of the 15 century, but the military actions took place
here only during the Thirteen Years’ War: first, the castle
passed into the hands of the Prussian Union, and in 1457 it
became the residence in exile of Charles VIII of Sweden®.
Puck returned to the possession of the Teutonic Knights in
the night from 13 to 14 October, when the surprised (drunk)
Swedish crew left the walls of the fortress. In 1464, Puck was
under siege by the Polish army. Crusaders defended them-
selves from April to September, but denied assistance they
finally surrendered the castle®. Thus, these events allow to
determine the dating of found ammunition to 1464.

The dating of a set of cannonballs from Chojnice
(Konitz) (Fig. 2: 2-3) is not so clear. The assemblage com-
prises nine balls (12.7-18.5 cm in diameter) found during
excavations of the Old Market. In the 15" century, Chojnice
was besieged three times by the Polish army. The first one
took place in the summer of 1433. Teutonic sources mention
four large cannons (,,I11 groze bochsen”) shooting bucket-
sized missiles (,,grossze den eyn eymer”) taking part in
the siege®. The second attempt to take control of the town
took place in the initial period of the Thirteen Years’” War
(April-September 1454). Sources relating to these events
mention that 2 field cannon guns and 2 terrace guns had
been sent here from Toruf®. Final military activities took

8 J. Kruppé, M. Milewska, Zamek pucki w badaniach
archeologicznych 1991-1996, ,Kwartalnik Historii Kultury
Materialnej”, Vol. 45/1, 1997, p. 43; L. Kajzer, S. Kotodziejski,
J. Salm, Leksykon zamkéw w Polsce, Warszawa 2001, p. 408;
M. Haftka, Zamki krzyzackie w Polsce. Szkice z dziejow, Mal-
bork—Ptock 1999, p. 258.

4 M. Biskup, Trzynastoletnia wojna z Zakonem Krzyzackim
1454—1466, Warszawa 1967, pp. 623—-624, 667-668; J. Kruppé,
M. Milewska, op. Cit., p. 45; M. Haftka, op. cit., pp. 259-260.

5 Die altere Hohmeisterchronik, Scriptores Rerum Prussi-
carum, Vol. II, ed. M. Toeppen, Leipzig 1866, p. 634; J. Szym-
czak, Poczqtki broni palnej w Polsce (1383—1533), £odz 2004,
pp. 244-245.

5 M. Biskup, Wykaz broni i innego sprzetu wojennego wy-
stanego przez Torun w okresie wojny trzynastoletniej, ,,Zapiski
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Fig. 1. The distribution of analyzed
missiles on the territory of Poland,
by P. Czubla.

place in the year 1466, when a great field cannon gun and
veuglaires among other firearms were used during the bom-
bardment of town walls’. Unfortunately, we do not know
exactly which of the mentioned events should be connected
with the Chojnice assemblage, but it is worth to mention
a description of Jan Dtugosz, who commented the situation
in 1433: ,,during the siege, in many places walls and the
bulwark were bombarded without rest from a great number
of cannons, and large troops were sent to all neighbour-
ing localities (...), who provided the military with necessary
food™®. 1t is, therefore, likely that in addition to food, stones
for production of ammunition were also brought here.

The dating of cannonballs found in the -castle
of Czluchow (Schlochau) poses some problems too
(Fig. 4: 1-4). The total of artefacts acquired here amounts
to 55 specimens, most found in a dig situated between the
outer wall and the castle tower (Fig. 4: 1). The projectiles
were found here in a cluster of 40 examples in a single
layer. These represent calibres from 10 to 27 cm and weight
between 1.5 and 26.4 kg. In this case, we do not know
whether this assemblage can be connected to the siege, or
should be rather treated as castle ammunition. The latter
option seems much more probable, and the missiles were
simply stored in the space between the walls. Equipment

Historyczne”, Vol. XXXI/1, 1966, p. 86; idem, Trzynastoletnia
wojna..., p. 252.

" M. Biskup, Wykaz sprzetu..., pp. 90-91; idem, Trzynasto-
letnia wojna..., pp. 693—694; J. Szymczak, op. cit., p. 262.

8 Jana Dilugosza Roczniki czyli kroniki stawnego Krole-
stwa Polskiego, ed. J. Mrukdéwna, Warszawa 2009, Vol. 11-12
(1431-1444), p. 124.
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lists prepared on a regular basis within the Order prove that
firearms appeared in the castle in 1392, and in a few years
Czluchéw had ,,2 grosse buchsen” and ,,cleyne steynbuch-
sen” at its disposal. In 1413, the number of guns shooting
stone projectiles rose to a total of 10, and were provided with
,»/ schog buchsensteine”. In subsequent records equipment
numbers did not change, but the supply of cannonballs rose
to ,,60 buchsteine czu der grosten buchsen” and ,,9 schog
und 10 styne cleyne und gros czu der anderen bochsen™®.

Rock materials in the studied cannonball assemblages

Cannonballs from Czluchow and Chojnice are charac-
terized by very similar types of rock materials used in their
manufacture. As many as 14 projectiles from Cztuchow
and 6 from Chojnice were made of different types of grani-
toids (granitic rocks) of Scandinavian origin (erratics)
— Tab. 1, Figs. 2, 3. Granite gneisses were represented
much less frequently: 2 missiles from both places. One
ball from Chojnice was made of syenitoid (syenitic rock)
(CHR/1097/00/9). This material is recorded in only one
description of medieval cannonballs®. This was probably
mainly to its relatively low presence among glacial erratics
of Central Europe and slightly less favourable technical
properties in comparison to granitoids. It is also possible
that during initial field identification, syenitoids were often
misdiagnosed as granites (granitoids). This should not be
too surprising, since the difference between the two groups

° Das Grosse Amterbuch des Deutschen Ordens, ed. E. Zis-
mer, Danzig 1921, pp. 649-656.

P Strzyz, Sredniowieczna broi palna w Polsce. Studium
archeologiczne, £6dz 2011, p. 155.
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Fig. 2. 1, 1a— Bolestawiec on the Prosna River; 2, 2a — Chojnice, CHR/1097/00/4; 3, 3a — Chojnice, CHR/1097/00/6, 1-3 Photo P. Strzyz.
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Fig. 3. 1 — Czluchow castle, trench 19, stone balls in situ, Photo M. Starski; 2, 2a — Cztuchow, Cz. z. 19B.12/17;
3, 3a — Czluchow, Cz. z. 19B.12/6; 4, 4a — Cztuchow, Cz. z. 19B.12/19; 2-4, Photo P. Strzyz.
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Fig. 4. Palaeozoic limestones outcrop on the island of Gotland, Photo P. Czubla.

can be summed to, putting things simply, a greater presence
of quartz in granitoids and potassium feldspar in syenitoids.
The border value between these two groups is set at 20%
of quarz in the group of felsic minerals (quartz, potassium
feldspars, plagioclase feldspars, feldspathoids). Qualita-
tive composition of minerals in both groups is very similar,
and the macroscopic evaluation of quartz content can be
easily mistaken.

In Czluchéw, apart from granitoid missiles and those
made of granite gneisses, one cannonball was diagnosed as
made of intrusive igneous rock (pegmatite/aplite) and another
one of Palacozoic Palaecoporella limestone. Among the
granitoids Siljan (Cz.Z.19B.12/17 — Fig. 3: 2, 2a) and Jérna
(Cz.Z.19B.12/6 — Fig. 3: 3, 3a)*? granites derived primarily
from Dalarna (Sweden) were identified, as well as rocks from
Aland Islands (Cz.Z.15B.78, Cz.Z.19B.12/9, Cz.Z.19B.12/18,
Cz.Z.19B.12/25), Prick granite from the continental part
of Finland (Cz.Z.19B.12/20), and granite from Bornholm
(Cz.Z.19B.12/19 — Fig. 3: 4, 4a). A common feature of most
of these rocks is primarily a fine and medium crystalline
texture and low content of mica (biotite). These proper-
ties enable precise carving of stone to an expected size and
spherical shape. Rocks of an inequigranular texture, such as

U Jgneous rocks: a classification and glossary of terms,
ed. R. W. le Maitre, Cambridge 2004, pp. 21-27, 29; P. Czubla,
E. Swierczewska-Giadysz, W. Mizerski, Przewodnik do ¢wiczen
z geologii, Warszawa 2009, pp. 73-78.

2P, Smed, Steine aus dem Norden: Geschiebe als Zeu-
gen der Eiszeit in Norddeutschland, Berlin—Stuttgart 2002,
pp. 130-154; P. Czubla, D. Galgzka, M. Gorska, Eratyki prze-
wodnie w glinach morenowych Polski, ,,Przeglad Geologiczny”,
Vol. 54/4, 2006, pp. 352-362.

Rapakivi granites, aplites and pegmatites were characterized
by a considerable heterogeneity, which contributed to break-
ing in directions contrary to intentions of the craftsman and
to formation of irregular chips. Hence, the lesser presence of
these rocks in the Cztuchéw ammunition assemblage.
Cztuchéw and Chojnice are located very close to each
other, and both were covered by the last Scandinavian glaci-
ation. Therefore, the kinds of rock materials available there
were the same. Mass occurring glacial erratics remained in
use, most of which had been pre-smoothened during trans-
port, or even before they had been taken by the ice sheet,
which dragged them to the territory of Poland. This initial,
natural treatment facilitated the work of stonemasons who
produced cannonballs. Due to the diversity and abundance
of available material it was possible to choose raws of the
best technical parameters. Here, however, a dissonance
between the two sites appears. While the Cztuchow assem-
blage is clearly characterized by the preference of fine and
medium crystalline granitoids with favourable technical
properties, the set from Chojnice is more of a random col-
lection of rocks of varied suitability for the manufacture
of ammunition (CHR/1097/00/1 do CHR/1097/00/8). Some
projectiles from Chojnice were also rather poorly treated,
indicating haste in their preparation. The use of rocks of
worse properties, such as coarse grained granites and gran-
ite gneisses (CHR/1097/00/2, CHR/1097/00/4 — Fig. 2: 2, 2a;
CHR/1097/00/6 — Fig. 2: 3, 3a, CHR/1097/00/7), as well as
rocks with a conspicuous directional texture accentuated
by a concentration of biotite crystals (CHR/1097/00/3,
CHR/1097/00/4), suggest that the Chojnice balls were pro-
duced under conditions of limited raw materials access.
This applies also to the use of syenitoid (CHR/1097/00/9),
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Fig. 5. 1, la—Puck, Pk.Z.35/53; 2, 2a — Puck, Pk.Z. 36/23; 3, 3a — Puck, Pk.Z.31/43; 4 — Puck, Pk.Z.49/15; 5 — Puck, Pk.Z. 37/26;
1-5 Photo P. Strzyz.
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which as a result of perfect cleavage of potassium feldspar’s
large crystals did not really allow a precise shaping of a rock
into a sphere. The next argument is provided by a ball made
from a boulder a bit too small in relation to the expected
size of the projectile (CHR/1097/00/5). It was carved only
as much as to remove the portions of stone that went beyond
the required calibre. Both aforementioned hasty work and
use of inferior, unsorted material, suggest that the assem-
blage in question was manufactured during the siege of
Chojnice. The besieged town’s crew surely had a limited
access to raw materials, but taking into consideration the
huge amount of defected missiles in the set and their loca-
tion, it is most probable that they were produced and used by
the besiegers. Preparation of balls in place during the siege
was not uncommon in the Middle Ages. Large cannonballs
produced logistical problems, therefore, masons tended to
participate in military expeditions in order to provide the
artillery with ammunition manufactured on the spot®.
Quite different in petrographic terms is the projec-
tile assemblage from Puck. Among the eleven exam-
ined artefacts, as much as ten were made of Palacozoic
limestone, and only one (PkZ.35.53) of granitoid (Fig.
5: 1). Six projectiles (PkZ.35.60, PkZ.35.79, PkZ.37.26,
PkZ.40.70, PkZ.41.25 and PkZ.49.15) were carved from
the same raw material — the Silurian crinoidal limestone.
Another two were made from a very similar type of rock,
and only the two remaining from a different type of lime-
stone (Fig. 5: 2-5, 2a—3a). Palacozoic (Silurian and Ordovi-
cian) limestones form extensive outcrops extending from
southwest to northeast along the basin of the Baltic Sea®.
They are exposed on the surface primarily on the islands of
Gotland (Fig. 4) and Oland, in the form of erratics they are
present on almost all Polish territory. Limestone rarely has
been used for making cannonballs in Poland. In this regard,
the most preferred material were granitoids and other igne-
ous rocks, and sandstones in southern Poland. Igneous
rock are much harder, more uniform and heavier than lime-
stones: features which meet the needs of manufacturers
of projectiles best. The only serious drawback of igneous
rocks as a raw material for the production of cannonballs
was the significant processing effort, often resulting from
the higher hardness of most minerals present in the rocks of
this group. In most of the Polish territories (with a possible
exception of the south, which had not been covered by ice
in the Pleistocene (Fig. 1) both limestone and igneous rocks
are easily available in the form of erratic boulders. In this
situation, preference for the latter is hardly surprising.

8 J. Szymczak, op. cit., p. 151.

¥ Judging only after the surface characteristics, because
these balls were not cut for analysis.

% A. Martinsson, Nielsens Grund och Hoburgs Bank
| (")stersjdn, ,»Geologiska Foreningen i Stockholm Férhandlin-
gar”, Vol. 87/3, 1965, pp. 326-336; P. Smed, op. Cit., pp. 43—48.

6 P. Strzyz, op. Cit., p. 60.

Unusual rock material dominant in the Puck assemblage
can be explained in two ways: either the cannonballs were
made in Puck and the raw material used for their manufac-
ture was a large erratic boulder of Gotland limestone, or
they were brought from a workshop situated on the island.
The first hypothesis seems less likely, since the assemblage’s
petrographic differentiation is much higher than a one that
would be possible in a single, even a fairly large erratic boul-
der. If the balls, which vary in material, were made of dif-
ferent limestone erratics, one would rather expect a much
greater petrographic variety of limestone, which is typical
for erratics’ complexes of PolandY. This hypothesis also
opens the question, why one would choose limestone, when
crystalline rocks were plenty available. A relatively precise
carving is surely an argument against haste in production,
hence, there was no pressure to choose an inferior (but
easier to work with) raw material. The second hypothesis
seems much more logical. Whole of the island of Gotland
is built of different varieties of limestone. Crystalline rocks
there occur only as a few scattered erratics. The small petro-
graphic variation within the limestone (as evidenced by the
assemblage of Puck) is possible even in a quarry of a small
scale. Exploitation of local limestone on Gotland has been
carried from the 12" century®. In the form of different prod-
ucts, it was transported to mainland Scandinavia and West-
ern as well as Central Europe. Another argument in favor of
this conception was the documented presence of numerous
and qualified stonemasons on Gotland. It seems only natu-
ral to manufacture cannonballs from the material appear-
ing en masse on the spot that was also exploited for other
purposes. If the second considered hypothesis is correct, the
analyzed set of projectiles is an import from Gotland. This
would confirm trade connections, as well as perhaps mili-
tary connections of southern coast of the Baltic Sea with the
Baltic islands, which is true to the political situation at the
time. From 1398 to 1409 Gotland had been held by the Teu-
tonic Knights, and was later sold to Sweden. King Charles
VIII of Sweden had been leasing Puck during the time of
1457-1460, before it was captured by the Order?®.

The cannonball from Bolestawiec (Fig. 2: 1, la) was
made from a fine crystalline granitoid harvested from Pol-
ish erratic boulders. This missile is characterized by pre-
cise carving and an advantageous choice of raw material.
Not only the used granitoid is fine grained, it also contains
little biotite, which is fairly evenly distributed throughout the

7 P. Czubla, Eratyki fennoskandzkie w utworach czwar-
torzedowych Polski Srodkowej i ich znaczenie stratygraficzne,
»Acta Geographica Lodziensia”, Vol. 80, 2001, p. 49.

8 J. Roosval, Die Steinmeister Gottland; eine Geschichte
der fihrenden Taufsteinwerkstétte des schwedischen Mittelalters,
ihrer Voraussetzungen und Begleit-Erscheinungen, Stockholm
1918, pp. 1-242.

¥ S. M. Kuczynski, Wielka Wojna z Zakonem Krzyzackim
w latach 1409-1411, Warszawa 1980, pp. 95-96, 99; J. Kruppé,
M. Milewska, op.cit., p. 43.
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Granitoids Syenitoids . Intrusive Granite gneisses Limestones Sum
igneous rock
Bolestawiec 1 - - - 1
Chojnice 6 1 1 - 8
Czluchow 14 - 2 1 18
Puck 1 - - 10 11
Sum 22 1 3 11 38

Tab. 1. Number of analyzed cannonballs from each site and their division based on the raw material used.

whole volume of the rock. Such features encourage precise
carving.

Rocks as a raw material for making cannonballs

Cannonballs were on most occassions a product used
only once. In many cases, there was a need for an ad hoc
production to replace the missing pieces of ammunition.
Therefore, attempts were made to use locally available raw
materials® as much as possible, or if need be imported from
a shortest possible distance. During military campaigns
and sieges, projectile shortages were replenished with pro-
duction from raw materials occurring in the area of military
operations, or the route of the march of troops?. This influ-
enced the considerable variation of used rock materials.
Large one-off orders, as the one submitted in 1319 by King
Henry V of England in Maidstone quarries for making as
much as 7000 hard Kentish Ragstone limestone missiles??,
were exceptional. Naval artillery operated on different
principles. Maritime units had to resupply cannonballs in
port towns, which lead to the uniformity of material used.
E.g., in the wreck of Mary Rose, out of the total of 387, only
10 projectiles were made from a material different than the
mentioned Kentish Ragstone?.

The opinion of the use of any available stone in the man-
ufacture of cannonballs is hard to accept?. Physical proper-
ties influenced to a decisive extent both the effort (cost) of
rock processing to expected size and shape, as well as the
lethality. Most useful for making missiles would be all hard
and heavy rocks with as homogeneous internal structure
as possible. This would include basalts, diabases and fine
crystalline granitoids?, diorites and gabbroids. The bigger

20 The Oxford Encyclopedia of Medieval Warfare and Mili-
tary Technology, ed. C. J. Rogers, Oxford 2010, Vol.1, p. 84.

2 Por. K. Gorski, Historya artyleryji polskiej, Warsza-
wa 1902, pp. 4243, 45, 239-240; J. Szymczak, op. cit., p. 151;
J. Orna, V. Dudkové, Archeologické doklady obléhani Plzné hus-
ity, ,,Archaeologia historica”, Vol. 37/1, 2012, pp. 169-170.

2 http://www.gallagher-group.co.uk (22.07.2013).

23 \Weapons of Warre: The Armaments of the Mary Rose. The
Archaeology of the Mary Rose, ed. A. Hildred, Vol. 3, Portsmouth
2011, pp. 342-343.

24 The Oxford Encyclopedia..., p. 84: ... using hammer and
chisels, made from whatever stone was commonly available...”.

% Cf. F. Mende, Die nordischen Geschiebe Norddeutsch-
lands, ,,Naturwissenschaftliche Monatsschrift des Deutschen
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the crystals (grains, blasts), the harder it was to carve
a shape as close to an ideal sphere as possible. Excellent
cleavage of some rock-forming minerals (feldspar, amphi-
bole) led to the formation of numerous chips. Problems with
producing cannonballs of ideal shape and the manufacture
technique of cannon barrels forced to leave a substancial
free space on the bore rim — usually 3—5% of the missile’s
calibre, which entailed a decrease in exhaust pressure and
the loss of a large part of the energy®. As a result, range and
accuracy suffered, and the loading time was significantly
prolonged due to the need to use wooden wedges.

Balls made of soft and easily workable rocks were
prone to cracking when hitting an obstacle, which on one
hand could have been an effective way of striking multiple
human targets, on the other it rendered the projectile inef-
fective against solid walls?’. Sometimes the cannonballs
made of very soft rocks cracked in the bore bottom or at
the muzzle at the moment of gunpowder firing, bringing
no effect, if not a negative one. Such balls were sometimes
wrapped with iron bands running in grooves carved on the
projectile’s surface?®. This increased both the workload and
the price, also due to the use of costly metal. The feature
disqualifying a rock as a raw material for the manufacture
of missiles was the occurrence of spliting surfaces: intru-
sions, cracks, joints, preferred orientation of crystals. They
all led to rock breaking, but seldom in directions in accord-
ance with the mason’s intention. The exceptions were cases
where spliting allowed to break smaller pieces from the
larger boulder for further carving. It is difficult to agree
with the suggestion from the expertise of a cannonball
from Vysoké Myto near Pardubice, Czech Republic. There,
an opinion appeared that making balls of basaltoids was
facilitated by the fact that many of them are occurring in

Lehrervereins fiir Naturkunde”, Vol.40/9, Stuttgart 1927,
pp. 261-275: ,,... zu kriegerischen Zwecken verwendete der preul3i-
sche Ordensritter die Geschiebe. Er lieB3 in den Jahren 1401-1411
aus feinkornigen Granitgeschieben Steinkugeln verschiedener
GroBe herstellen...”.

% K. Gerlach, Okretowe dziata kamienne, ,,Morze Statki
i Okrety”, No. 1, 2011, p. 68.

2 J. Szymczak, op. cit., p. 149; P. Strzyz, op. cit., p. 59; J. Ki-
nard, Artillery: an illustrated history of its impact, Santa Barbara
2007, p. 36.

% K. Gerlach, op. cit., pp. 68, 69.
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the form of pillow lavas. The rock material used to make
this projectile was supposed to come from a neighbouring
quarry in the vicinity of Ji¢in®. Spherical weathering is
present in volcanic rocks, especially basalts, but only if they
solidified in an underwater environment (pillow lavas).
Cainozoic basaltoids of the northern part of the Bohemian
Massif were formed in subaerial conditions and, therefore,
lava pillows are not present there. Often columnar thermal
jointed basalts can be found that could have actually made
the work of the stonemason easier.

The diversity of rock types used in the manufacture of
missiles was relatively high, but some of their types were
completely unsuitable for processing. There are no known
cases of use of such rocks as slates or gneisses. The litera-
ture documents the use of granite, granite gneiss, basalt,
limestone, sandstone, arkose, conglomerate, dolomite and
marble®. In the territory of Poland, granite and sandstone
materials are noted most commonly, limestones are rarer,
and basalt and syenite finds are very scarce. In many cases,
material description are limited to inconcrete indications
like “sedimentary rock”, “stone” or “erratic boulder”?,
In fact, petrographic diversity of raw materials that were
used is much higher. In field conditions, petrographic iden-
tification allows only a rough determination of the type of
rock, which is somewhat problematic. Best example is the
repeated indication of cannonball material as granite. It is
an obvious simplification, because granite is only one of the
four types of granitoids (next to alkali granite, granodiorite
and tonalite), distinguished on the basis of the ratio between
potassium feldspars and plagioclases®. A macroscopic, field
determination of these ratios is not possible, therefore, it is
most proper to indicate a wider petrographic group — in this
case granitoid. A complete lack of identification of materi-
als such as dioritoids, gabbroids, dolerites in literature is
most probably due to the inability to recognize these types
of rocks, rather than them being discarded by past cannon-
ball manufacturers. The presence of basalt balls in Elblag
and Piotrkoéw Trybunalski leads to this kind of conclusion®,
Carving basalt was not much easier than dolerite, dioritoid
or gabbroid, and the properties of cannonballs manufac-

2 J. Zavtel, Vysoké Myto — kamenné projektily, Praha 2013,
typescript in Institute of Archaeology and Ethnology of Polish
Academy of Sciences in £6dz. We would like to thank the Author
for sharing analyzes results. For sharing research materials from
Vysoké Myto we extend our thanks to Sylwester Chmielowiec
from Archaia-Praha o.p.s.

% K. Gerlach, op. cit., p. 68; J. Orna, V. Dudkova, op.cit.,
p. 166; Weapons of Warre..., pp. 339, 343; B. Chudzifiska,
Pozostatosci Sredniowiecznej, recznej broni palnej z zamku
w Muszynie, ,,Acta Militaria Mediaevalia”, Vol. 7, 2011, p. 205,
fig. 3: 4; The Oxford Encyclopedia..., p. 84.

8t J. Szymczak, op. cit., pp. 148-149; P. Strzyz, op. cit.,
pp. 123-190, 209-211.

2 |gneous rocks..., pp. 21-27, 29; P. Czubla, E. Swierczew-
ska-Gtadysz, W. Mizerski, op. cit., pp. 73-78.

% P. Strzyz, op. cit., pp. 150, 174.

tured from these materials would be pretty much the same.
Therefore, it can be assumed that such projectiles could
be found in different collections, but are described there
as, e.g., erratic stone or even granite. On the other hand,
the scarce presence of basalt balls in Polish collections can
suggest the difficult carving of gabbroids and dioritoids to
be a secondary cause of their avoidance as a raw material
for cannonball productions. The presence of more than 300
occurrences of basalts in Lower Silesia (volcanic cones,
plugs and flood basalt)*, and even the erection of a castle
on a basaltoid volcanic neck (Grodziec in Kaczawa Foot-
hills) allow to expect a much larger representation of these
rock types in the form of cannonballs.

Contrary to the popular belief, the Middle European
Plain covered with loose Quaternary deposits provided an
opportunity to obtain a very wide variety of rock materi-
als. They came in the form of erratic boulders carried by
subsequent ice sheets of Fennoscandia and the Baltic sea-
bed. When they had been incorporated into the mass of ice,
and later, during their transport and sedimentation, the least
resistant rocks were eliminated. As a result, mostly harder
rocks survived in the Pleistocene deposits, more resistant to
mechanical damage, and thus more suitable for the manu-
facture of cannonballs. Suitable rocks were, admittedly, not
concentrated in specific sites, such as the Sudetes or the
Carpathian Mountains, but spread over a large area, which
forced the manufacturers to search for the preferred types
of rocks.

It is puzzling that balls made of sandstone in Poland
were found mainly south of the 52" parallel®. It can be
inferred that this was because of the possibility to use
local outcrops of sandstone, which occurs only in south-
ern Poland, mainly in the Carpathian Mountains, but also
in the Sudetes, Holy Cross Mountains, and in a few small
outcropts outside this area. It is unclear, what caused the
resignation of the use of Proterozoic Jotnian sandstones or
Cambrian sandstones of Bornholm, Skane, or of the bottom
of the Baltic Sea, which were commonly found in glacial
deposits of the northern and central Poland. It is possible
that the use of these relatively hard quartz sandstones and
quartzites in the manufacture of projectiles was difficult
due to the easy splitting parallel to original bedding. Even in
the metamorphosed quartzites, the rock cracking along flat
interlayer surfaces occured fairly easily, which almost com-
pletely precluded the production of balls from them. How-
ever, similar defects were also typical of local sandstones,

* Atlas Slgska Dolnego i Opolskiego, ed. W. Pawlak, Wro-
ctaw 1997, pp. 13—14; Mapa geologiczna regionu dolnoslgskiego
z przylegltymi obszarami Czech i Niemiec (bez utworow czwar-
torzedowych) 1:100 000, ed. L. Sawicki, Warszawa 1995; Mapa
geologiczna regionu dolnoslgskiego z przyleglymi obszarami
Czech i Niemiec 1:100 000; Podstawy litostratygraficzne i kodyfi-
kacja wydzielen, ed. L. Sawicki, Warszawa 1997, pp. 16—18.

% P. Strzyz, op. cit., p. 60.
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for example Kro$nian, and they were used to produce pro-
jectiles on a large scale®®. Undoubtedly, Carpathian, Holy
Cross Mountains’ and Sudetian sandstones were much
more susceptible to carving than the sandstones and quartz-
ites from Fennoscandia, cemented by silica.

Production of stone cannonballs in the Middle Ages was
relatively expensive, but many times cheaper than the manu-
facture of metal ones. It is clear that the time required to
carve one specimen depended both on the material and size
of the ordered missiles. Certain information in this issue are
provided by medieval Teutonic accounts. In 1410, in Elblag,
the Order purchased 22 three-scores of “buchsenstyne klein
und grot” for 43 Marks and 19.5 Scot, so one specimen
costed ca. 1.5 grosses. Four years later, 41 stone balls weigh-
ing a total of 12.5 Zentner cost about 2.5 grosses a piece®.
A much larger and more expensive cannonball was carved
in 1408 in Malbork by stonemason Hannos. It cost as much
as 4.5 Vierd, which is more than 1 Mark®. The same crafts-
man, for making 2 three-scores of balls the size of the head,
received payment in the amount of 5 Marks, i.e., 2 grosses
a piece®. For comparison, in Czech Cheb, in 1453, 30.5
three-scores stone projectiles (1830 pieces) cost 15 three-
scores [grosses] and 45 grosses, which equals ca. half a gros
per piece?®. The contemporary carpenter’s or bricklayer’s
daily wage in Gdansk was 2 or 3 grosses, if the employer
did not provide food*. Stonemasons’ incomes were probably
at a level similar to other skilled craftsmen. This assump-
tion is confirmed in a record from the I* half of the 16%
century, which informs that a weekly wage of a stonemason
reached 12-15 grosses*2. Based on the above data, it can be

% Ibidem.

% W. Swictostawski, Koszty broni palnej i jej uzycia w par-
stwie krzyzackim w Prusach na poczqtku XV wieku, ,,Studia 1 Ma-
teriaty do Historii Wojskowosci”, Vol. 35, 1993, p. 25; J. Szymczak,
op. cit., pp. 149—-150. The then Zentner was about 54-55 kg, which
gives an avarage ball weight of 16.5-16.75 kg. On the basis of origi-
nal artefacts, we know that granite cannonballs of such a weight
have a diameter of about 23 cm. Among the finds from the territory
of Prussia, examples of a similar size were found in Chojnice (24 cm
calibre, 17.1 kg weight), Town Hall in Elblag (23 cm calibre, 17 kg
weight), Lidzbark Warminski (Heilsberg) (23 cm calibre, 15.5 kg
weight) and Torun (Thorn) (22.9 cm calibre, 15.9 and 16.9 kg
weight); cf. P. Strzyz, op. cit., cat. No. 83, 210, 432, 1006, 1007.

% Tt can be assumed that it was designed to a cannon of ca.
50 cm calibre — perhaps the great bombard cast in the local found-
ry in 1408. Among the cannonballs stored in Malbork, a dozen
or so has a calibre around 42—49 cm and a weight of 101-155 kg;
cf. W. Swietostawski, op. cit., p. 25; P. Strzyz, op. cit., cat. Nos.
583-590, tab. XXXIII: 4-5; G. Zabinski, The Grose Bochse
—a Teutonic Supergun from 1408, ,,Fasciculi Archaeologiae His-
toricae”, Vol. 25, 2012, p. 36, fig. 3.

® W. Swietostawski, op. cit., p. 25; J. Szymczak, op. cit.,
p. 150.

40 J. Durdik, Palne zbrané a puskaii v Chebu v letech 1450—
1470, ,,Historie a Vojenstvi”, 1965/4, p. 525.

4 J. A. Szwagrzyk, Pienigdz na ziemiach polskich X-XX w.,
Wroctaw 1990, pp. 60—-61.

42 K. Gorski, op. cit., pp. 45, 239; J. Szymczak, op. cit., p. 151.
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assumed that the skilled mason was able to forge from one
to three balls daily, depending on their size and the mate-
rial used. Opinion that the craftsman needed one to two
days to finish one projectile seems to be exaggerated in
conjunction with the above data, the more that this remark
referred to ship ammunition, which was mostly of small and
medium calibre®,

It is not clear, how the masons came into possession
of the relevant material. It is probable that they themselves
engaged in gathering the required rocks in quarries or on
fields. However, there are records that residents of vil-
lages located in the vicinity of Luck were required to pro-
vide stones for missiles for the castle**. It is not possible to
determine how common this practice was. The necessity
of proper knowledge in order to choose preferable types
of rocks suggests against a wide use of this form of raw
material supply. Luck, however, lies beyond the reach of the
Pleistocene glaciations®. Therefore, there was only direct
rock substratum available and it was possible to precisely
determine what kind of rock should be delivered to the cas-
tle, and in which location it should be gathered. Huge vari-
ations of erratic boulders of the regions farther north would
make it much more difficult to obtain a suitable material by
the unqualified local population.

*kk

Known cannonballs from the territory of Poland were
usually made of different types of granitoids, sandstones
and limestones. Other rock materials were used occasion-
ally. Granitoids were the basic raw material utilized in the
manufacture of stone balls from the analyzed sites, only
the Puck assemblage was dominated by limestone. In the
majority of these places, there is a visible, clear connec-
tion between raw materials used in the projectile manu-
facture and the geological structure of the immediate area,
although this does not exclude the material pre-selection,
in order to choose the most useful pieces. A detailed and
fuller analysis of rock materials used in the production of
cannonballs in Poland requires prior verification of the
already catalogued records, where almost all findings were
made of igneous rocks and are described as granite. Based
on the analysis of the degree of selection of raw materials,
carving methods, and possible cracks or other surface dam-
age, conclusions can be drawn regarding the circumstances
under which the cannonballs were made and used.

4 K. Gerlach, op. cit., p. 68.

4 J. Szymczak, op. cit., p. 151.

4% V. A. Matoshko, Limits of the Pleistocene Glaciations
in the Ukraine: A Closer Look, [in:] Quaternary Glaciations
— Extent and Chronology. A Closer Look, eds. J. Ehlers, P. L. Gib-
bard, P. D. Hughes, Amsterdam 2011, pp. 406—407.
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Streszczenie

Surowce skalne w produkcji kul armatnich w Polsce — wybrane przyklady

W badaniach nad produkcja dawnego uzbrojenia
dotychczas pomijanym zagadnieniem byta kwestia produk-
cji amunicji artyleryjskiej. W zwigzku z tym wykonano
analizy petrograficzne skat wykorzystanych przy produkcji
kul kamiennych pochodzacych z czterech, datowanych od
schytku XIV po 2. pol. XV w., zespotow: Bolestawca nad
Prosna, Chojnic, Cztuchowa oraz Pucka. Przeprowadzone
badania pozwolily na doktadne rozpoznanie wykorzysta-
nych surowcow.

Analiza petrograficzna wykazata, ze amunicja z Cztu-
chowa i Chojnic cechuje si¢ bardzo podobnym doborem
uzytego materiatu. Az 14 kul z Cztuchowa i 6 z Chojnic
wykonano z réznych typdéw granitoidéw pochodzenia skan-
dynawskiego. Znacznie mniej licznie reprezentowane byty
granitognejsy — po 2 kule z obydwu stanowisk, a w zespole
z Chojnic znalazt si¢ takze jeden okaz wykonany ze syeni-
toidu. W Cztuchowie rozpoznano takze pojedyncze egzem-
plarze wykute z magmowej skaly zylowej (pegmatytu/
aplitu) i z paleozoicznego wapienia paleoporellowego.
Wsrdd granitoidéw zidentyfikowano granity Siljan i Jarna,
wywodzace si¢ pierwotnie z Dalarny (Szwecja), skaty
alandzkie, granit Prick z kontynentalnej czg¢sci Finlandii
oraz granit z Bornholmu. Ich cecha wspodlna jest drob-
nokrystaliczna i $redniokrystaliczna tekstura. Powyzsze
wlasciwos$ci umozliwiaja precyzyjng obrobke kamienia do
pozadanych rozmiardéw i kulistego ksztattu. Rowniez kula
z Bolestawca wykonana zostala z drobnokrystalicznego
granitoidu (glazu narzutowego) i wyrdznia si¢ dokltadng
obrobka i korzystnym doborem materiatu skalnego.

Czhuchdéw i1 Chojnice potozone sg bardzo blisko siebie,
w strefie objetej ostatnim zlodowaceniem skandynawskim,
w zwigzku z czym rodzaje surowcow skalnych mozliwych
do pozyskania w ich najblizszej okolicy byty identyczne.
Korzystano z masowo wystepujacych na polach eratykéw
(gtazéw narzutowych), a wiele z nich bylo juz wstepnie
obtoczonych podczas transportu. Ta wst¢pna, naturalna
obrobka utatwiata dalszg prace kamieniarzy, a z uwagi na
roznorodnos¢ dostgpnego materiatu istniata mozliwosc¢

wybrania takiego, ktéry cechowal si¢ mozliwie najlep-
szymi parametrami technicznymi. Jednak, o ile w zespole
kul z Cztuchowa dostrzegamy preferowanie drobno- i $red-
niokrystalicznych granitoidow, to w Chojnicach mamy do
czynienia raczej z przypadkowym zbiorem skat o bardzo
zroéznicowanej przydatnosci do wyrobu amunicji. Czeg$é
kul z Chojnic jest na dodatek stosunkowo stabo obro-
biona, co wskazuje na pospiech w ich przygotowywaniu,
i pozwala przypuszczaé, ze produkowano je w warunkach
ograniczonego dost¢pu do surowca.

Odmienny pod wzgledem petrograficznym jest zespot
kul z Pucka. W przewadze wykonano je z paleozoicznych
wapieni, a tylko jedna z granitoidu. Szes¢ kul sporzadzono
z identycznego surowca — z sylurskiego wapienia kryno-
idowego, kolejne dwie z bardzo podobnego typu skaty
i tylko dwie z nieco innego rodzaju wapienia. Wykorzy-
stane surowce — paleozoiczne (sylurskie oraz ordowic-
kie) wapienie tworza rozlegte wychodnie rozciagajace si¢
z potudniowego zachodu na poétnocny wschod wzdtuz
niecki Morza Baltyckiego, a na powierzchni odstaniaja si¢
przede wszystkim na Gotlandii i na Olandii, za§ w postaci
skat narzutowych wystepuja na prawie calym obszarze
Polski. Nietypowy surowiec skalny dominujacy w zespole
kul z Pucka mozna ttumaczy¢ na dwa sposoby. Albo kule
zostaly wykonane w Pucku lub okolicach, a w charakte-
rze surowca wykorzystano duzy glaz narzutowy wapie-
nia gotlandzkiego, albo co bardziej prawdopodobne kule
pochodza z warsztatu na Gotlandii, w ktérym wykorzysty-
wano skatly odstaniajace si¢ na miejscu.

W zwigzku z powyzszymi spostrzezeniami trudna
do zaakceptowania wydaje si¢ opinia o wykorzystywaniu
do wyrobu kul armatnich dowolnego dostgpnego kamienia.
Wtasciwosci fizyczne wptywaly w decydujacym stopniu
zarbwno na pracochlonnos¢ (koszt) obrobki fragmentu
skaty do oczekiwanych rozmiarow i ksztattu, jak tez na site
i sposob razenia wykonanego z niej pocisku. Najbardziej
przydatne do wyrobu kul bytyby wszelkie twarde i cigzkie
skaty o mozliwie homogenicznej budowie wewngtrzne;.
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