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Abstract 
 

The casting workshop in Grzybiany, in Lower Silesia (SW Poland) is a valuable source of knowledge on the development of casting 

techniques in the 7 – 6 centuries BC. Abundant evidence found on the archaeological site points to cast manufacturing by means of 

precision casting in ceramic moulds (lost-wax molding). The workshop is the biggest collection of moulds for bracelet, necklace and other 

smaller decorative artefacts in Poland. 

The aim of the work is to conduct the research of the moulds and casts with the view of performing a computer reconstruction of the 

casting moulds from the Bronze and Early Iron Age, based on the Grzybiany finds. As part of the work, both the microscopic structure and 

defectoscopic  analyses of the casting moulds were performed. Chemical composition of the casts was tested using the X-ray fluorescence 

spectroscopy method. Based on these results and using computer modelling methods, a geometric visualisation was performed, which is 

the bases for preparing the visualisation of the process of pouring liquid metal into the moulds, reconstructing both the technology and the 

alloys used. 
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1. Introduction 
 

The development of casting technology throughout history is 

documented, among others, on the basis of casting moulds, found 

in archaeological sites [1-2]. The research proves that stone, 

bronze and clay moulds were used [3-4]. In ceramic moulds, 

using the lost wax casting, precision casts were made, both of 

small ornaments, like bangles, rings, pins as well as more massive 

bracelets, torques, shin guards  and others. This method is one of 

the oldest manufacturing methods and it has been used up till now 

in industry and artistic casting [4-9]. 

From the settlement in Grzybiany (Lower Silesia, Legnica 

district), functioning in the Bronze and Early Iron Age, there 

comes a rich research material of clay casting moulds and also 

metal artefacts linked to the local bronze manufacturing [10-11]. 

Within the context of these finds, the settlement shows 

manufacturing character, and the artefacts, concentrated around 

the stone hearths, testify to the presence of casting manufacture in 

this area. The material coming from Grzybiany consists mainly of 

remnants of disposable moulds, used for precision casting in 
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ceramic moulds. Alongside, there were also other objects 

discovered, connected with the casting process (laddles, tuyeres) 

[11]. 

The workshop was operating in the second stage of this settlement 

existence, in the Hallstatt C period, that is from 7th to the mid 6th 

century BC, however in these layers there were artefacts with 

both older and younger features [12]. 

Since 2013 the Copper Museum in Legnica and Archeology 

Institute of Wroclaw University have been conducting research of 

the artefacts from Grzybiany. Parallel studies at the Foundry 

Faculty of AGH the University of Science and Technology in 

Krakow have been conducted connected with the functioning of 

the casting workshop [11,13].  

 

 

2. Methodology 
 

Numerous casting moulds and metal artefacts discovered 

during archaeological excavations of Grzybiany settlement were 

investigated. The material was subjected to non-destructive tests: 

macro-and micro-observations, qualitative and quantitative 

assessment of chemical composition and defectoscopic tests. 

Also, a computer reconstruction of the wax model with its gating 

system was performed, in order to conduct computer simulations 

of pouring the metal and solidification of the cast in mould. 

The macro-and microscopic observations were performed to 

document the structure and surface of the ceramic and metal 

artefacts. 

Defectoscopic tests with the help of X-ray method were 

conducted in order to check the content of moulds and to re-create 

the cavity shape. 

Testing the chemical composition by the help of XRF method 

was conducted for metal ornaments. The results are presented in 

the form of charts, showing the similarities and differences in the 

content of characteristic alloying elements and technological 

additives. 

Based on macrostructural analysis, defectoscopic tests and the 

measurements of gating system elements, the 3D visualisations of 

the casts as well as their technological drawings were conducted. 

These tasks aimed at recreating the models and casts as well as 

the mould cavity in precision casting technology, with the help of 

modern engineering programs. Based on this, in the next stages, 

simulations of pouring liquid metal and its solidifying will be 

prepared. 
 
 

3. The research 
 

From a few thousands of the workshop artefacts, dating to the 

Early Iron Age, characteristic moulds and the bangles and rings 

showing technological connections with the moulds were chosen, 

enabling  recreating the shape of the mould cavity. For 

visualization and reconstruction of the casts computer modelling 

methods were used, using the documentation based on 

photography of metal artefacts and defectoscopic tests of the 

moulds. The works were conducted using SolidWorks. 

 

 

3.1. Macro- and microscopic observations 
 

Based on the observations of the surfaces and casting mould 

structures (figs. 1-2), it was assessed, that the moulds were made 

from the mixture of clay and sands of different granularity as well 

as organic elements improving the permeability of the mould. 

Inside the mould there was probably the wax model, that was 

burned out during firing. 

A fragment of damaged mould with an open cavity (figs. 3-4), 

allowed to set apart a group of ceramic artefacts with similar 

shapes, as moulds for casting bangles-rings (figs.5-6). 

Observations and measurements of the metal artefacts allowed 

to match the moulds and casts. A high smoothness of the cast 

surface was noticed, which resulted from a properly prepared 

mould, and especially its cavity quality. On the surface of the 

metal artefacts, there were observed individual, slight casting 

flaws in the form of air cavities, testifying to the presence of 

gasses in the mould (figs.7-8). 

 

  
Fig. 1. Macroscopic picture  

of the mould surface  

(inv. no. 176/78), 20x 

Fig. 2. Macroscopic picture  

of the mould surface  

(inv. no. 176/78), 30x 

 

 
Fig. 3. Fragment of a mould 

(inv. no. 374/78) 

Fig. 4. Fragment of a mould 

(inv. no. 374/78) and a bangle 

(inv. no. CL 6299) 

 

 
Fig. 5. Bangle  

(inv. no. CL 6299) 

Fig. 6. Bangle (inv. no.  

CL 6299), 20x. 
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Fig. 7. Bangle  

(excavation no. 1/2010) 

Fig. 8. Bangle  

(excavation no. 1/2010), 20x 

 

 

3.2. Chemical composition analysis of the 

metal artefacts 
 

From the group of metal artefacts from Grzybiany four 

ornaments were chosen (marked as A-D) circular in shape and 

with round or angular cross-section (figs.5-7). They were chosen 

by matching their shape and size to the casting moulds. The 

bangles-rings were probably of ornamental character. The were 

made using casting technique, using the lost-wax method. They 

have similar shape but they are differ in size, and, as the tests 

show, also in chemical composition. 

The bronze ring, marked as A, was made from Cu-Pb alloy 

type, where the share of the main components is 83.59% for Cu 

and 7.98% for Pb. The characteristic elements as antimony and 

arsenic are present at the level of 3.58% of Sb and 0.6% of As. A 

risen level of silver and nickel and also of iron should be noted, 

which is interpreted as the alloy contamination (tab.1) 

A high place in respect to the copper content (90.97) takes 

ring B (figs. 4-6). In its chemical composition also tin was 

identified (2.92%) and lead (0.41%), and antimony, arsenic, 

nickel and silver (tab.1). 

Ring C is characterized by a high copper content (84.45%), 

and the presence of alloy additions: 2.92% of tin and 6.42% of 

lead, as well as natural additions of arsenic, nickel, zinc, antimony 

and silver (tab.1) 

The research with the help of XRF showed discrepancies in 

the chemical content of the ornaments. The comparison of mutual 

dependencies of the characteristic chemical elements: Cu, Sn, Sb, 

As, Ni, Ag for the subsequent rings of this type is compared in the 

charts (figs. 9-12). 

 

Table 1.  

Chemical composition (wt. %) 

No/Inv. no. Cu Sn Pb Sb As Ni Zn Ag Fe Co Bi 

1. A 128/79 83,59 0,10 7,98 3,58 0,60 0,72 0,11 1,08 1,62 0,05 0,07 

2. D 1/2010 85,79 8,49 1,60 1,20 0,76 0,75 0,14 0,44 0,52 0,15 0,04 

3. B CL6299 90,97 2,49 0,41 2,48 1,29 1,22 0,14 0,69 0,03 0,10 0,02 

4. C 23/2010 84,45 2,92 6,42 1,91 1,51 1,07 0,18 0,62 0,68 0,16 0,08 

 

 
Fig. 9. Function of concentration Sn  = f (conc. Cu) wt.% 

 

 
Fig. 10. Function of concentration As  = f (conc. Cu) wt.% 

 
 

Fig. 11. Function of concentration Sb  = f (conc. Cu) wt.% 
 

 
Fig. 12. Function of concentration Ag = f (conc. Cu) wt.% 
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Fig. 13. Function of concentration Ni  = f (conc. Cu) wt.% 

 
 

3.3. Research of casting moulds 
 

Some of the moulds are preserved almost complete, except for 

a part of the down-gate, together with the pouring basin, making 

running castings possible (fig. 14). Based on the defectoscopic 

tests,  in small casting moulds the presence of three rings was 

ascertained, joined into one element or  detached, where the 

connections could be technological runners (figs.15-20). In the 

presented moulds both solutions are technically possible (the 

moulds no. 417/78, 500/77, 335/79, 25/5A and a fragment of 

mould no. 374/78). One of the pouring basins mentioned above 

can be matched to the moulds for casting bangles (fig.14, item no. 

42/77). 

  

a  b  

Fig.14. Part of a casting mould: the main gating system (inv. no. 

42/77) (a) and X-ray picture of the  down-gate (b). 

 

The first of small casting moulds discussed here is oval in shape, 

with the cavity preserved (inv. no. 417/78, fig.15a). It was 

prepared for making the cast, based on the model of three round 

elements connected with the runner. The transverse section of the 

circle is 3-3.5 mm. An irregularity of the mould is noticeable, 

which was partly damaged in the area adjacent to the down-gate, 

maybe at the manufacturing stage. The defectoscopic pictures 

reveal the shape of the mould cavity, its thin walls, the clearance 

of gating and runners (figs. 15.b) 

Another casting mould (inv. no. 500/77, fig 16), almost oval 

in shape, with a visible cavity, is preserved almost complete, apart 

from its gate. The mould was prepared for casting, based on the 

model consisting of three round elements, connected into regular 

set. The X-ray picture shows the shape of the mould cavity and its 

system of the down-gate and runners integrated the cast. The 

diameter of the down-gate is 4.5 – 5.5 mm. 

The casting mould (inv.no.335/79, fig.17) repeats the shape 

and size of the above-described small forms with their cavity 

preserved, for casting three bangles or an ornament ending in the 

shape of three joined rings. The defectoscopic picture shows the 

shape of the cavity together with the gating system. 

The last of the moulds in this category for casting triple rings 

(inv. no. 25/5A) was damaged in the area of the down-gate. In the 

fragment preserved, the diameter of the gate is 5.5 mm. 

The mould analysis shows that the cavity cross section in the 

place where the detail was is similar to the gating system. The 

gating cross-section is 4.5 – 5.5 mm, whereas the cross section of 

the details – the rings – 3 - 3.5 mm and it matches the artefacts 

found (the metal rings-bangles, figs. 4, 5, 7). 

 

 

3.4. Conducting the visual reconstruction of 

the models 
 

For a better displaying of the artefacts researched, for 

scientific and educational purposes, a computer visualization was 

performed. During the study the matching artefacts from different 

categories were set up, such as metal casts and casting moulds in 

order to reconstruct the technological process. 

The designing process was started with collecting precise data 

about the object, this constituting the indispensable 

documentation. Based on measurement of the mould cavity and 

radioscopic pictures of the casting moulds (figs. 15- 17) the 

drawings of the moulds were prepared using SolidWorks. 

 

 

a b  

Fig. 15. Casting mould (a), graphic documentation based on the 

radioscopic image of the mould (inv. no. 417/78) (b) 

 

a b  

Fig. 16. Casting mould (a), graphic documentation based on the 

radioscopic image (inv. no. 500/77) (b) 
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a b  

Fig. 17. Casting mould (a), graphic documentation based on 

radioscopic image (inv. no. 335/79) (b) 

 

Because of damages to the moulds, additional X-Ray pictures 

were analyzed, including the images of the down-gates. In further 

stages of the designing, the data was transformed and based on 

that the images were generated for visualization (figs. 18 – 20). 

Based on the 2D documentation, in the computer environment, 

3D virtual objects of the models, together with their gating 

systems, were recreated. This will be the basis for the designing 

work leading to re-creating of the mould cavity and simulation of 

running castings.  

 

a  b  

Fig. 18. Visualization of the casts connected by the gating system 

(a), comparison with the radioscopic image of inv. no. 335/79 (b). 

 

a   b  

Fig. 19. Visualization of the casts connected by the gating system 

for the artefact inv. no. 417/78 (a), comparison with the X-ray 

picture (b) 

a  b  

Fig. 20. Visualization of the casts connected by the gating system 

(a), comparison with the X-ray picture, inv. no. 500/77 (b) 

 

As part of the introduction for designing the mould cavities, a 

geometric visualization was performed for the mould  

inv. no. 500/77, also using SolidWorks (figs. 21 – 22). 

 

 
Fig. 21. Visualization of the casting mould inv. no. 500/77 

 

  
Fig. 22. Visualization of the casting mould inv. no. 500/77 

 

Owing to designing work with the help of CAD environment, 
the reconstruction of the model together with its gating system 

was performed. This study was preparation for the next stage of 
casting technology in the Bronze Age research. 
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4. Conclusions 
 

Studies of macro- and microstructure enabled the material 

analysis from the perspective of its build, mould structure and the 

analysis of the casting technology from the Bronze and Early Iron 

Age. 

Chemical composition studies point to the clear differentiation 

of metallic element  concentrations in the investigated rings. All 

the tested bangles-rings belong to the following bronze types: Cu-

Sn, Cu-Sn-Pb, Cu-Pb-Sn, Cu-Pb. In the tested alloys, tin and lead 

are alloy additions, introduced intentionally when their content is 

larger than 1.5%. The tin content in the alloys is 0.1 – 8.5%, and 

for lead it is 0.4 – 8%. The remaining elements are connected with 

the copper origin and the technology of its smelting. The total of 

impurities of As, Sb, Ni, Ag and Fe in the alloys tested is 3.99 – 

7.83%. The lowest value of additions characterized ring D, two 

bangles show a similar value of impurities, namely 5.97 and 6.21, 

whereas ring A shows the highest value, namely 7.83%. A 

significant diversification of chemical content points to the 

method of alloy preparation in the casting workshop in Grzybiany 

through adding or supplementing the alloy additions, and not only 

using ready-made compositions? of imported raw materials. 

Defectoscopic research revealed the shape and spacing of the 

gating system elements, as well as the shape of the mould cavity, 

considering the possiblity of using them for casting bronze 

ornaments. Based on the radioscopic images, the researched 

moulds were grouped according to their similarity, and small 

differences in the cross section differences were shown: from 3 to 

5.5 mm. It can be acknowledged that, taking the shapes and sizes 

of the mould cavities, the model were basically repetitive in 

character, what testifies to some technical rules, tested 

empirically, being spread in the Grzybiany settlement. In the 

moulds for casting rings, the  gating system was comparable to 

the diameter of the detail. In the preserved moulds the conical 

pouring basin was missing; they were most often destroyed 

together with fragments of the down-gate. 

In the area of the the Lusatian culture settlement in 

Grzybiany, the close connection between mould manufacturing 

workshop and casting workshop should be stressed. To this 

testifies a correlation between the shape and mould sizes and the 

metal ornaments tested, visible, among others, in matching of the 

bangles-rings. 

For the visualization and re-creating of the manufacturing 

technology of the casts under investigation computer modelling 

methods were applied. The 3D model was designed based on the 

radioscopy images, using the SolidWorks graphic tool. 

CAD environments provide a great scope for designing, 

partial reconstruction or re-creating the objects which were 

damaged or completely destroyed. These methods can be applied 

to create a virtual casting workshop. This virtual reality would 

provide chances for scientific re-creation and popularizing for 

educational purposes the technological advances of Grzybiany 

workshop in Lower Silesia. 
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