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Summary

As part of the present investigations, Early and Middle Bronze 
Age copper-based axes were examined with regard to their 
composition and processing stages using state-of-the-art 
methods. The microstructure of the axes was comprehensively 
characterised using metallographic sections. This made it pos-
sible to determine how the objects were processed, from cast-
ing to the �nished product. Numerous casting defects can be 
seen in the hatchets in the as-cast state. Only a repetition of 
forging, annealing, and cold working gives the material the 
necessary mechanical strength, as the investigations were 
able to prove. The practicable procedure always depends on 
the composition of the material. The �ndings of the study indi-
cate that the smiths of these axes must have had a profound 
understanding of material processing, acquired over a long 
period of time.
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Introduction

The production of tools from metals is a signi�cant step in 
human history. The examination of such objects provides 
profound insights into the knowledge of material processing 
and skills in the respective epoch and region. Bronze Age 
axes are thus revealing artefacts, as their usability requires 
certain properties – in this case, the combination of hard-
ness and ductility. These functional properties result from a 
certain elemental composition and a processing method 
adapted to it.

The chemical composition and the origin of the alloying 
elements used in many Bronze Age copper-based axes have 
been well researched� . Older �nds (c. � ���–����  BC) in  
particular show that the composition of the metal is unfa-
vourable for achieving the desired functional properties in 

an as-cast state. In this respect, they di
er signi�cantly from 
modern bronze materials. The targeted alloying of copper 
with tin increases the strength and hardness of the material 
by forming a solid solution lattice. A higher tin content 
within the alloy results in a greater strength and hardness of 
the material. Modern bronzes, such as CuSn��, contain so 
much tin (�� mass % Sn in CuSn��) that even the cast state is 
usable due to its elevated hardness. Axes from the Early and 
Middle Bronze Age rarely have a su
ciently high tin content 
for the tools to be ready for use in the as-cast state. Adequate 
further processing of the materials is therefore essential. 

Both the production and processing of metallic materials 
determine the microstructural composition and thus the 
properties of the material. An in-depth analysis of the mate-
rial provides information about its processing history from 
the casting to the �nished tool (Scott ����, �–� Fig. ��–��) � .

	 � 	� Cf. on axes from Central Germany, e.g., Per-
nicka ����, ��•–���; Lockho
 et  al. ����; 

Schwarz ����; see also Berger et al. in this 
volume.

� 	� On the metallography of Central European 
axes see Kienlin ����; Kienlin ����.

Zusammenfassung

Archäometallurgische Untersuchungen zur Herstellung 
früh- und mittelbronzezeitlicher Randleistenbeile in Mittel-
deutschland

Im Rahmen der vorliegenden Untersuchungen wurden früh- 
und mittelbronzezeitliche Beile mithilfe modernster Methoden 
hinsichtlich ihrer Zusammensetzung und der Verarbeitungs-
schritte untersucht. Anhand metallogra�scher Schli�e wurde 
das Gefüge der Beile umfassend charakterisiert. Dabei konnte 
ermittelt werden, wie die Beile vom Gießen bis zum fertigen 
Produkt verarbeitet wurden. Im Gusszustand zeigen sich in 
den Beilen zahlreiche Gussfehler. Erst eine wiederholte Bear-
beitung aus Schmieden und Glühen verleiht dem Werksto� 
die notwendige mechanische Festigkeit, wie die Untersuchun-
gen belegen konnten. Die praktikable Verfahrensweise ist 
dabei immer abhängig von der Zusammensetzung des Materi-
als. Aus den Erkenntnissen der Studie leitet sich ab, dass die 
Hersteller dieser Beile über ein fundiertes, tiefgreifendes und 
über lange Zeit erworbenes Verständnis der Materialverarbei-
tung verfügt haben müssen. 

Schlagwörter  Archäometallurgie, Bronzezeit, Randleisten-
beil, Metallogra�e, Schmieden
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Ten �anged axes from the Early and Middle Bronze Age 
were materialographically analysed. The focus was placed 
on the elaboration of the cutting edge, on the one hand, and 
on the manufacturing of the �anges, on the other. In this 
article, the results for two of the ten axes are presented.

Objects under investigation

The following table and the corresponding illustration 
show the axes provided for examination by the State 
Museum of Prehistory Saxony-Anhalt. The objects origi-
nate from the Central German region and range in date 
from the Early Bronze Age (AK•, according to R. Schwarz 

(����), or Bz A�b[/A�a]) to the Middle Bronze Age  
(Bz C�–D). These are �anged axes of di
erent types (Saxo-
nian type, Bühl type, Mägerkingen type); only one object 
belongs to the class of Palstave of North German type 
(Tab. �; Fig. �).

The overall project looks at all ten axes. For the sake of 
clarity, this article will initially concentrate on the results of 
the analyses of samples P� and P•. These both come from 
the Halle-Kanena III hoard �nd (von Brunn ����, ��; Ver -
weis Beitrag �•). They di
er minimally in their chemical 
composition (Tab. �) but can both be categorised as arsenic 
copper objects• . Such arsenic copper objects di
er signi�-
cantly from modern bronze materials in terms of their 
chemical composition and thus their properties.

	 •	� Otto/Witter ����, •�–•�; ••–•�; Krause 
���•, �•�–�••; ���–���; Kienlin ����, ���; 
Lockho
 et al. ����, �•�–�•�; Schwarz ����, 

���; see also Berger et al. in this  
volume.

P1
P6

P2
P7

P3

P8

P4 P9

P5
P10

3 cm

Fig. �  Overview of the �� objects P�–P��.

Abb. �  Übersichtsaufnahmen der �� Untersuchungsobjekte P�–P��.
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Investigations

Preparation

The samples were �rst documented photographically, and 
the cutting positions for the microsections were de�ned. 
For each axe, a longitudinal section was made with a  
view of the cutting edge and a cross-section with a view of 
the �anges. The preparation was minimally invasive so 
that the axes could be reassembled and restored after the 
analyses.

The separating cuts were carried out using wire erosion. 
The cutting width here was around �.� mm. Figure � shows 
the two objects after cutting.

The preparation route was based on preparation recipes 
from comparable studies and adapted to the task of mini-
mally invasive ablation (Petzow ���•; Kienlin et al. ���•). 
The separated specimens were embedded in the next step. A 
cold embedding agent that is soluble in acetone was used for 
this purpose. This makes it possible to remove the samples 
without leaving any residue after the analyses.

Fig. �a–b  Axes after wire eroding. a P�; b P•.

Abb. �a–b  Äxte nach dem Trennen mittels Drahterosion. a P�; b P�.

Tab. � Overview of the Objects under investigation.

Tab. � Übersicht über die Untersuchungsobjekte.

3 cm

P3

Sample designation Inventory number Location Type
Dating (according  
to Schwarz 2021) Literature

P1 HK 13:2448 Beichlingen,  
Sömmerda district

Mägerkingen 
type

Bz B1,  
1550–1450  BC

Fröhlich 1983, 175 
Nr. 397 (»Gegend 
von Großneuhausen«)

P2 HK 34:305l, 30 Halle-Kanena III Saxonian type AK 3,  
1975–1775  BC

von Brunn 1959, 59

P3 HK 34:305l, 34

P4 HK 37:18l, 194 Dieskau III,  
Saalekreis district

Saxonian type AK 3,  
1975–1775  BC

von Brunn 1959, 56

P5 HK 37:18l, 211

P6 HK 37:18l, 285

P7 HK 41:493 Braunsbedra-
Benndorf,  
Saalekreis district

Bühl type AK 5–Bz B1,  
1625–1450  BC

Fröhlich 1983, 150 
Nr. 168

P8 HK 5225 Gröbers-Benne-
witz I, Saalekreis 
district

Saxonian type AK 4, 
1775–1625  BC

von Brunn 1959, 
57 f.

P9 HK 5237

P10 HK 2306 area of 
Halberstadt,  
Harz district

North German 
Palstave

Bz C1–D  
1450–1250  BC

Fröhlich 1983, 178  f. 
Nr. 425

sample content in wt %

Fe Ni Cu Zn As Se Ag Sn Sb Au Pb Bi

P2 <  0.02 <  0.01 97 <  0.20 1.14 <  0.005 1.21 <  0.005 0.90 <  0.01 <  0.01 0.02

P3 <  0.02 0.30 97 <  0.20 0.37 <  0.005 1.06 0.092 0.86 <  0.01 <  0.01 <  0.01

a

b

P2

Tab. �  Chemical composition of P� and P• determined by means of X-ray �uorescence analysis. The analyses were carried out by E. Pernicka, CEZA 
Mannheim.

Tab. �  Chemische Zusammensetzung von P� und P� mittels Röntgen�uoreszenzanalyse ermittelt. Die Analysen wurden von E. Pernicka, CEZA Mannheim 
durchgeführt.
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Fig. �a–b  Specimens (red boxes) after metallo-
graphic preparation. a Longitudinal section 
with a view of the cutting edge; b cross-section 
with a view of the �anges.

Abb. �a–b  Proben (rote Kästchen) nach der 
metallogra�schen Präparation. a Längsschli� 
mit Blick auf die Schneide; b Querschli� mit 
Blick auf die Randleisten.

Fig. 6 and 12

Fig. 5 and 10

Fig. 4 and 9

Tab. �  Metallographic sample preparation of the embedded sample sections. Tab. �  Metallogra�sche Präparation der eingebetteten Bronzeproben. 

step description parameters

grinding 1.: P180 SiC-paper

2.: P320 H2O-cooling

3.: P600 30–45  s

4.: P800 10–15  N

5.: P1200 manually

6.: P2500 300  U/min

7.: P4000

polishing 6 µm diamondsuspension,  
on soft wool cloth

4 min, 20 N, 
150  U/min

etching with etchant 1 3 s

3 µm diamondsuspension,  
on soft wool cloth

7 min, 15 N, 
150  U/min

etching with etchant 1 3 s

1 µm diamondsuspension, on 
short �ocked, soft synthetic 
cloth

10 min, 15 N, 
150  U/min

etching with etchant 1 3 s

0.06 µm colloidal silica + H 2O2 
(32 %) 5 : 1, on soft synthetic 
cloth

5 min, 15 N, 
150  U/min

etchant 1 100 ml C2H5OH + 20 ml HCL 
(32 %) + 5 g FeCl3

5 s

etchant 2 100 ml saturated Na2S2O3-
solution + 5 g K 2S2O5

60–120  s

Schritt Beschreibung Parameter

Schleifen 1. Stufe: P180 SiC-Papier

2. Stufe: P320 H2O-gekühlt

3. Stufe: P600 30–45  s

4. Stufe: P800 10–15  N

5. Stufe: P1200 manuell

6. Stufe: P2500 300  U/min

7. Stufe: P4000

Polieren 6 µm Diamantsuspension,  
auf SIGMA

4 min, 20 N, 
150  U/min

Zwischenätzen Ätzung 1 3 s

3 µm Diamantsuspension,  
auf SIGMA

7 min, 15 N, 
150  U/min

Zwischenätzen Ätzung 1 3 s

1 µm Diamantsuspension,  
auf ZETA

10 min, 15 N, 
150  U/min

Zwischenätzen Ätzung 1 3 s

0,06 µm kolloidales Silizium-
dioxid +  H2O2 (32 %) 5 : 1, auf 
ZETA

5 min, 15 N, 
150  U/min

Ätzung 1 100 ml C2H5OH + 20 ml HCL 
(32 %) + 5 g FeCl3

5 s

Ätzung 2 100 ml gesättigte Na2S2O3-
Lösung + 5 g K2S2O5

60–120  s

The embedded samples were then ground manually on a 
water-cooled disc grinding machine on silicon carbide 
paper. Careful and cautious grinding by hand makes it pos-
sible to keep the grinding times and thus the removal for 
each sample as short as possible but as long as necessary. 
The samples were then polished in several stages with dia-
mond suspension on a semi-automatic machine. To remove 
deformation layers, the samples were etched between the 
diamond polishing stages. An etching polish made of colloi-
dal silica (pH Ž �.� and grain size �.�•  µm) and hydrogen 

peroxide was used as the �nal polishing stage to produce a 
scratch- and deformation-free surface. The samples were 
contrasted with hydrochloric acid ferric chloride solution 
(grain boundary etching, etchant �) and Klemm II etchant 
(colour etching, etchant �). The exact parameters of the 
preparation are listed in Tab. • below. The total amount of 
material removed by cutting and preparation is approxi-
mately �.�  mm. Figure • shows an example of the two micro-
sections polished in this way. 

a b



TAGUNGEN DES L ANDESMUSEUMS FÜR VORGESCHICHTE HALLE • BAND 31 •  2024

471A R C H A EO M E TA L LU R G I C A L IN V E S T I G AT I O N S IN TO T H E P R O D U C T I O N O F E A R LY A N D M ID D L E B R O N ZE A G E F L A N G E D A X E S IN  C E N T R A L G E R M A N Y

Microscopy and analytics

The metallographic sections were microscopically investi- 
gated and analysed in the areas shown in Fig. •. Light 
microscopy was used to generate images in the polished, 
grain-boundary etched (etchant �), and colour-etched 
(etchant �) state. Here, the focus was placed on the character-
istics of the microstructure.

The samples were used in their polished state for the elec-
tron microscopic analyses. To ensure su
cient electrical con-
ductivity of the embedded sample, it was sputtered with gold. 
Images were taken in secondary electron contrast (SE) and 
backscatter electron contrast (BSE). Furthermore, investiga-
tions were carried out using energy dispersive X-ray spectros-
copy (EDS) and electron backscatter di
raction (EBSD). The 
EBSD data is presented as colour-coded inverse pole �gure 
(IPF) and grey-scale image quality (IQ) maps. The coloured 

representation shows the spatial orientation of the individual 
grains. The grey value within the coloured tone in these maps 
is an indication of the quality of the measurement signal.

The electron microscopic analyses provide in-depth 
information on the microstructure and chemical element 
distribution of the samples examined.

Sample 2

The core of P� has a coarse-grained, dendritic cast structure. 
The large number of casting pores and voids is striking 
(Fig. �). The microstructure is di
erent in the area of the 
�ange. Here, too, casting defects can still be seen, but these 
are deformed into an oval shape. The microstructure is �ner 
in this area, and annealing twins can be found. In the col-
our-etched images, stripes of di
erent colours can be seen, 
which follow the course of the �ange (Fig. �).

5 cm

Fig. �a–b  P�. Cross-section, pore- and voud-laden microstructure. a Colour etching shows the casting dendrites; b IPF colour-coded and IQ grey-scaled 
EBSD map shows coarse grained and deformation-free microstructure.

Abb. �a–b   P�. Querschli�, poren- und lunkerbehaftetes Grundgefüge. a Die Farbätzung zeigt deutlich Gussdendriten; b die IPF-farbcodierte und IQ-grau-
wertskalierte EBSD-Karte zeigt grobkörnige und verformungsfreie Mikrostruktur.

500 µm 100 µm

Fig. �a–b  P�. Cross-section, tip of the �ange, �ne-grained, recrystallised structure. a Colour-etched with casting segregations still visible;  
b IPF colour-coded and IQ grey-scaled EBSD map shows a deformation-free microstructure with annealing twins.

Abb. �a–b  P�. Querschli�, Spitze der Randleiste, feinkörniges, rekristallisiertes Gefüge. a Farbätzung Gussseigerungen noch erkennbar;  
b die IPF-farbcodierte und IQ-grauwertskalierte EBSD-Karte zeigt eine verformungsfreie Mikrostruktur mit Glühzwillingen.

100 µm250 µm

a b

a b
















