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Albrecht Jockenhövel, Michael Overbeck

Mediaeval Iron Landscapes, Traditions and Innovations – 
The Genesis of Early Modern Cultural Landscapes between 
the Rivers Meuse and Weser 

Since the 1980s the Department for Pre-
historic Archaeology of the Westphalian 
Wilhelms-University of Münster has been 
carrying out different interdisciplinary ar-
chaeometallurgical research projects in 
three traditional iron production regions of 
West Germany and the southwestern part 
of Luxembourg. The aim of the projects 
was to examine the technological evolu-
tion from bloomery furnace (Rennofen) to 
early blast furnace (Floßofen) in connec-

tion with the structure of early iron producing landscapes. The interdisciplinary cooperation 
consolidating archaeological, metallurgical, botanical and geological data led to producing a 
significant amount of evidence that proves close connection between technological develop-
ment, utilization of resources, and socioeconomic needs. 

The Dietzhölzetal-project

The first project (Dietzhölzetal-project, 1990-1995)1 was located in an upland region (350-
600 m above sea level) on the eastern edge of the Rhenish Massif/Rhenish Slate Mountains in 
the Hesse mountains (see fig. 1)2. In comparison with the lowland areas, it is a densely forested 
upland region with typical natural disadvantages in soil, climate, and hydrology – but it con-

  

  1	 The project was funded by Volkswagen Stiftung. Participants were the Institut für Geowissenschaften of the Johannes-
Gutenberg Universität Mainz and the Institut für Geobotanik of the University of Hannover.

  2 Jockenhövel 1996, pp. 12 ff.; Jockenhövel/ Willms 1993, pp. 517 ff.; Jockenhövel/ Willms 2005; Willms 1995a, pp. 
57 ff.

Fig. 1: Locations of archaeometallurgical re-
search projects by the Seminary for Prehistoric 
Archaeology of the Westphalian Wilhelms-Uni-
versity of Münster: 
1. Dietzhölzetal-project. 
2. Iron and Steel Production in the Märkische 

Sauerland. A Process of Production from the 
Bloomery Furnace to the Early Osemundfin-
ery. 

3. Early iron production in Luxembourg.
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tains rich Devonian iron ore deposits (mainly consisting of haematite-Roteisenstein of Lahn-
Dill type) and an abundance of Iron Age and Medieval sites and finds.

In the High Middle Ages the area became the nucleus of what later became the duchy of Nassau 
with the towns of Siegen, Dillenburg, and Herborn. Geological and mineralogical analyses gave 
evidence about the complete archaeometallurgical production chain (ore, furnace construction, 
charcoal as fuel, slags, blooms, semi-finished products). Pollen analysis and anthracology attest-
ed changes in the environment induced by iron production. Studies of local history and techno-
logical changes in iron production were done, too. The crucial part of the project was thorough 
and systematic fieldwork on some 80 km² around the rivers Dill and Dietzhölze resulting in the 
discovery of some 350 bloomery sites.

The bloomery furnaces on the excavated or probed sites are mainly of the same type, which 
was very common in Central Europe in the medieval times. The furnaces were low, stubby, 
thick-walled clay structures, sometimes with a stone reinforcement around the base. The in-
ner diameter of the hearth was about 40 cm (15.75 in.). The furnaces had a sunk channel of 
about 1-1.5 m long (39.37 to 59.06 in.) on one of the sides to tap the slag. We can state that 
the self-regulating smelting process ran without any kind of bellows and forced air supply. The 
furnaces belong to the last type of bloomery furnaces developed in Central Europe over the 
period of almost 2000 years. 

Mining and smelting were performed in different places (cf. fig. 2). The ore used in the Dill/
Dietzhölze area is hematite (Roteisenstein), clearly distinct from the siderite (Brauneisen- oder 
Spateisentein) of the neighboring Siegerland area in the Northwest. Some of the still traceable 

Fig. 2: Bloomery sites and ore deposits in the Dill/Dietzhölze area (after A. Kronz). 
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deep cart tracks in the forests may belong to the period of early ore transport in two-wheeled 
carts. The distance covered by ore transport was up to 15 km, a days’ journey one-way and 
back. In some cases ore was transported over even longer distances to the eastern and south-
eastern parts of the Siegerland where hematite was also used.

The availability of wood for charcoal and the composition of the Lower Devonian clay used 
for furnace construction, or even matters of landownership may have caused the spatial sepa-
ration of mining and smelting. Numerous round platforms for charcoal pitsteads (Platzmeiler) 
overlay bloomery sites in several cases and possibly date not earlier than from the 14th centu-
ry. It is very likely that the smelters burned the required charcoal themselves.

Analysed charcoal finds show that any kind of available wood was used. There was no selec-
tion of certain trees or certain tree sections. The composition (birch, oak) of the charcoal found 

Fig. 3: Site B 88 Dietzhölztal, Ewersbach. Tentative reconstruction of a medieval bloomery furnace from 
the Dill/Dietzhölze area. 1. furnace wall (clay) 2. slagged and partly melted inner furnace lining 3. different 
layers of ore and charcoal (charge) 4. mixture of ore, charcoal and slag 5. stone reinforcement 6. tapped 
slag 7. air inlet 8. bloom or iron sponge (Luppe) 9. furnace bottom (Ofensau) (after D. Lammers).
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on some sites indicates that coppicing (Niederwaldwirtschaft) was already practised to some 
extent. According to the principles of this special kind of woodland management, young tree 
stems are cut down to a low level. In subsequent growth years, many new shoots will appear; 
after a number of years the cycle begins again, and the coppiced tree is ready to be harvested 
again. However, the use of woodland in Dill/Dietzhölze may also have depended on how far 
from the contemporary settlements the sites were situated, and whether they were in repeat-
ed use. Excavations on the Kalteiche near Haiger show that during the High and Late Middle 
Ages charcoal for bloomeries was also produced in charring pits (Grubenmeiler)3. Wood car-
bonisation was completed in pits which were dug in the immediate vicinity of the bloomery 
furnaces.

Taking into account the amount of slag tapped in the process (25-35 kg per tapping) and the 
amount of slag found on the slag heaps (up to 25 tons) we can give a well-grounded estimate 
of the amount of iron produced at one site and in the whole region. The annual amount of iron 
produced per site equalled 5 to 20 tons.

The location of a bloomery site changed when the resources, especially wood, in the imme-
diate vicinity were exhausted, but no large-scale deforestation was caused by the iron pro-
duction in bloomeries. The medieval iron production in bloomeries in the Dill/Dietzhölze re-
gion remained seasonal. Unlike the production in the era of the first water-powered Stuckofen 
and high furnaces, it never became more than a small-scale industry. Additional studies were 
done on other subjetcs, including the technological shift from the direct (bloomery) to the in-
direct production process, which is connected with water-powered Stuckofen as the precur-
sors of the blast furnace. Those much bigger furnaces made it possible to produce even more 
iron than in small bloomery furnaces. From the 11th to the early 14th century the demand for 
iron was increasing and at the end of the period the amount of iron produced exceeded the 
local needs. 

The beginning of iron production in Luxembourg

The second project (The Beginning of iron production in Luxembourg, 2003 – the research 
continues)4 deals with a ‘missing link’ that explains the technological transition from the direct 
to the indirect method of iron production and the evolution from bloomery furnace to high 
bloomery furnace (Stuckofen) in the southern part of Luxembourg5. On the basis of metallurgi-
cal and geological analysis it became very clear how greatly the specific ores of this region in-
fluenced the development of a specific smelting technology during the Middle Ages6. 

3 	Verse 2003, pp. 189 ff.
4 	 Project participants were the Labor für Mikrosondentechnologie, Geowissenschaftliches Zentrum of the Georg-

Albrechts-Universität Göttingen, the Institut für Geobotanik, Ökologie-Zentrum of the Christian-Albrechts-Universität 
Kiel and the Labor für Biophysik of the Westfälische Wilhelms-Universität Münster.

5 	Overbeck 2004, pp. 62 f.; Overbeck/ Schiermeyer; Overbeck/ Kronz/ Nelle 2007.
6 	Kronz/ Overbeck 2007.
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Since 2003 a very well-preserved and unusually rich ironwork from the high to the late Mid-
dle Ages (13th-14th century AD) - which was used nearly for 50 years to produce iron - is being 
excavated. It is located in Genoeserbusch, a forest near the villages of Peppange and Hellange, 
directly on the border with France (see fig. 1). The ironwork of about 2.000 m2 (21.527 sq.ft.) 
in size was discovered by Norbert Quintus and Jos Spanier from the Peasantry Museum of Pep-
pange in the year of 2000. The site comprises so far two reheating hearths, five small bloomery 
furnaces and one much bigger furnace (furnace 1) that differs clearly from the typical bloomer-
ies of medieval or ancient times, and represents the transition from the direct to the indirect 
method of iron production. Moreover, nineteen roasting sites have been located. 

Another outstanding archaeological find is a reheating hearth (reheating hearth 1), almost 
completely conserved. It is 80 cm (31.5 in.) in diameter with blooms, parts of an tuyere made 
of clay, reheating slags, hammer-scale and more. As a rule, excavations at medieval ironworks 
rarely reveal pottery or iron tools. The site of Genoeserbusch is an exception even in this re-

Fig. 4:  The medieval ironworks from Genoeserbusch/Peppange (after M. Overbeck).
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spect. More than 2600 pottery shards (parts of more than 35 different pots) were spread all 
over the medieval living floor. The pottery dates back to the period from the 13th to the early 
14th centuries AD. Many iron nails, rings and other tools gave information about wooden con-
structions that might have been connected with the bellows, for example. In addition to that, 
a storage for roasted ore, the associated slag heaps, and tapping channels give an exceptional 
amount of archaeological and metallurgical data that provide the opportunity to reconstruct 
this ironwork in Luxembourg.

The superstructures of the biggest furnace (furnace 1) were destroyed but enough details re-
mained, which enables a tentative reconstruction. Furnace 1 is a thick-walled shaft furnace 
with a reconstructed height of at least 1.80 m (71 in.). The furnace with stone reinforcement at 
the base has a round shape with an external diameter of about 2,1 m (82.68 in.). The hearth 
has an oval shape with a max. internal diameter of about 80 cm (31.5 in.). The furnace was 
blown with bellows through obviously just one air-inlet. There is no evidence of water-power 
application. An iron tuyère was inserted into the shaft at right angles to the axis of the slag-tap-
ping and 35 cm (13.8 in.) above the bottom of the hearth. The tuyre forged from iron, weigh-
ing about 4 kg (9 lbs.), is the connecting metal piece of 32 cm (12.5 in.) in length, located be-
tween the bellows and the furnace, in which the noses of the two bellows meet.

Fig. 5: The largest furnace in Genoeserbusch/Peppange (furnace 1, outer diameter 210 cm/ 82.68 in.), 
small bloomery furnace on the right side (furnace 2, outer diameter 120 cm/ 47.24 in.) and reheating 
hearth (reheating hearth 1, outer diameter 80 cm/ 31.5 in.) in the upper left corner.
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Charcoal analyses were done to reconstruct technological processes (fuel wood selection) and  
the impact on the environment. The results show that the charcoal used at the two reheating 
hearths and the six furnaces was of the same composition (mainly beech, hornbeam, oak) with 
very slight variations. The specific composition of the charcoal may indicate that coppicing 
(Niederwaldwirtschaft) was already practised to some extent. On the other hand, it is possible 
that only young trees or small branches were allowed to be used for charcoal burners while 
big logs were used for building houses and other constructions. 

The medieval iron technology at Peppange/Luxembourg is characterised by extraordinary fea-
tures, which clearly differ from the common bloomery iron making of ancient and medieval 
iron production, using fayalitic slag systems. It is also different from a cast iron production 
technology, which appeared at the same time (13th/14th century AD) in Europe. Iron production 
at Peppange can be regarded as a link between the two technologies, still producing a bloom, 
but avoiding getting liquid iron. 

One possible reason for this phenomenon can be found in the specific geochemical composi-
tion of the ores: since high-grade ores of up to 90 % (calculated as FeO in dry matter) were still 
available, there was no necessity for the ‘production’ of a slag low in FeO and, hence refining of 
iron, too rich in carbon. Finds of a P- and C-rich cast iron are interpreted as accidental produc-
tion7. Cast iron can be related to glassy slags. These slags, having less than 35 % FeO, play only 
a minor role in the overall composition of the typical slags of Peppange, ranging from 40-60 % 
FeO. The bulk chemical composition of the slags speak of a well-developed technology. Produc-
tion parameters as well as ore sources were kept constant. Mass-balance calculations based on 
linear multiple fit models give evidence about the mixture of two ore types. The slag composition 
can not be derived from a unique ore source. Two types of ores that were found at the site were 
apparently used: an extremely high grade oolithic ore with Fe2O3- contents reaching 80 to 90 % 
on average, and a typical low-grade ‘Minette ore’ consisting of 45 % of CaO and 42 % Fe2O3.
 
In the medieval times the demand for iron was steadily increasing. The clearance of new land 
and increase in population resulted in the emergence of urban centres. Furthermore, a lot of 
iron was needed for the manufacturing of nearly all tools and instruments, as well as for mil-
itary equipment. One way of achieving the required iron production level was to increase 
the volumes of furnaces - by building much larger furnaces than previously known. Up to 
the 13th-14th century AD iron was produced in bloomery furnaces in a direct, discontinuous 
process. Those furnaces were relatively small and mostly built of loam with only a few stones 
used in the construction. During the Middle Ages the furnaces became larger. Another impor-
tant step in technological development was the combination of larger furnaces with the appli-
cation of hydraulic energy and the use of water-power. These technological advances lead to 
the development of two new types of furnaces: the high bloomery furnace (Stuckofen) and the 
early blast furnace (Floßofen).

In the so-called Stucköfen water-powered bellows were already in use, while the smelting 
process itself remained unchanged. Still iron was produced as a bloom of wrought iron with 
only small amounts of pig iron (Graglach) that was not malleable at an early phase and there-
fore discarded as waste or probably added to the next furnace charge.

7 Kronz/ Keesmann 2003, pp. 259-274.
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The new water-power-technology in the iron-making-process was also crucial for the inven-
tion of the blast furnace. It is not yet clear when and where in Europe the first water-powered 
blast furnaces were used. In such furnaces cast iron was produced during an indirect but con-
tinuous process. As the cast iron contained too much carbon, it had to be transformed into 
wrought-iron by the finery process which required a finery-hearth.    

Iron and Steel Production in the Märkische Sauerland

The third topic of our research is iron and steel production in the Märkische Sauerland. (A 
Process of Production from the Bloomery Furnace to the Early Osemundfinery, 1994-1998)8. 
The Märkisches Sauerland, is located on the northern edge of the Rheinisches Schiefergebirge 
(cf. fig. 1). Historically this region is the southern core of the former county of Mark with the 
towns of Altena, Lüdenscheid, and Meinerzhagen. Together with the adjacent Bergisches Land 
with the world-wide known towns of Remscheid and Solingen it was one of the most impor-
tant early iron production sites in Europe, the nucleus of the later Ruhrgebiet formed by Krupp, 
Hoesch, Thyssen, etc.

Fig. 6: Kerspe-valley, Märkisches Sauerland (site No. 105). Sketch showing the main features of the site (af-
ter M. Overbeck).

8 	 The project was funded by Volkswagen Stiftung. Participants were the Max-Planck-Institut für Eisenforschung GmbH 
(Düsseldorf) and the Institut für Geowissenschaften of the Johannes-Gutenberg Universität of Mainz.
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Years of archaeological prospection and 
excavation have shown that this region 
has a very rich tradition of iron-metallurgy. 
Besides an impressive number of nearly 
1900 bloomery furnaces, more than 100 
blast furnace sites have been discovered 
by M. Sönnecken and H. L. Knau9. 

Two of these sites (No. 105/ Kerspe-valley 
and No. 90/ Wipper-valley) were select-
ed for scientific archaeological excava-
tions. Beyond any doubt, indirect pro-
duction process was carried out there10. 
Kerspe (Site No. 105) is located in the 
Kerspe water-reservoir. When the reser-
voir was emptied during repair works, it 
was possible to excavate two impressive 
furnace ruins. Both furnaces of the Ker-
spe-Dam dated as early as the 13th-14th century AD and are therefore the oldest known blast 
furnaces (Floßöfen) in Germany. They are probably the technological link between the tradi-
tional bloomery furnaces and the later blast furnaces in the Märkische Sauerland. This proves 
the active technological evolution in smelting iron over the centuries in this region. All early 
blast furnace sites in the Märkische Sauerland were situated in valleys near flowing water, the 
change of location obviously being connected with the new indirect technology of iron mak-
ing. The water-powered bellows required water as an important pre-condition. The availability 
of wood/charcoal and ore was still important, but not as important as water. Nevertheless the 
consumption of charcoal in those new furnaces was enormous compared to earlier periods. 
The resulting deforestation caused serious environmental problems.

Both furnaces in the Kerspe-Valley were found in good condition. They were built mainly of 
loam and only a few heat resistant sandstones. So both furnaces were still built in the tradition of 
the bloomery furnaces construction. The inside walls, partly molten and slag covered, were still 
in their former places up to the height of 1.75 m (68.90 in.). Both furnaces had an outer diame-
ter of nearly 2,7-3,0 m (106.3-118.11 in.) and an inner diameter of nearly 80 cm (31.5 in.). The 
former height of both furnaces could be estimated to equal approximately 3,0 m (118.11 
in.). They were also smaller in size than the later blast furnaces of the 14th-16th centuries A.D. 
constructed in this region. Both furnaces were built with their backsides into the slope of 
the basin. On the one hand, the slope could be used as a natural charging platform; on 
the other hand, this kind of construction makes the furnace much more stable and helps 
to keep the heat inside the furnace in order to attain higher temperatures during the smelt-
ing process. 

 9 	Knau/ Sönnecken 1994a, pp. 459 ff.; Knau/ Sönnecken 1994b, pp. 467 ff.
10 Abdinghoff/ Overbeck 1998/1999, pp. 536-541; Abdinghoff/ Overbeck 2000, pp. 128 ff.; Jockenhövel/ Willms 1998, 

pp. 131 ff.; Jockenhövel/ Overbeck/ Willms (preprint); Jockenhövel/ Willms/ Abdinghoff/ Overbeck 1997, pp. 56 ff.;  
Jockenhövel et al. 1998 pp. 20 f.; Willms 1995b, pp. 132 ff.; Willms 1996, pp. 29 ff.; Willms 1997, p. 50; Willms/ 
Jockenhövel 1996, pp. 177 ff.

Fig. 7: Early blast furnace (Floßofen) from Kerspe-valley, 
Märkisches Sauerland. View into the totally preserved 
well (Gestell) of the furnace.
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Unfortunately the frontside (Ofenbrust), which is important for studying the construction and 
operation of the furnaces, was badly damaged in both cases. However, it was possible to ex-
amine the totally preserved well (Gestell) of a typical shape, with a small rectangular hearth 
bottom about 80 cm (31.5 in.) long but only 30 cm (11.81 in.) wide (cf. fig. 7). Two bevelled 
side-walls form a narrowed hearth at the bottom which is slightly slanted, so that slag and liq-
uid iron can easily run out of the furnace. 

One furnace from the Kerspe-Valley had a preserved opening for the bellows or tuyre (Wind-
form) in situ in the sidewall but there were no remains of the bellows or even the mill race. The 
bellows were driven by a waterwheel, its housing (Radstube) clearly identifiable, as well as the 
mill-trenches. Those trenches carried the water in a slight fall over a distance of several hun-
dred metres (100 m=328.1 feet) along the sloping side of the valley. The technological necessi-
ty of keeping the opposite elements of fire (for smelting) and water (for driving the waterwheel 
and moving the bellows to reach a temperature of well over 1300 °C) in close neighbourhood 
required cleverly devised constructions. So as to keep away the groundwater from the interi-
or of the furnace, a system of diverse draining channels was integrated into the foundation of 
the younger furnace. It can be assumed that most of the bigger substantial furnaces had similar 
kind of drainage. The first case when a drainage system under a furnace was discovered and 
later described dates back to the 16th century AD. The system was described about 100-200 
years after its discovery by Georgius Agricola who called it the ‘Abzucht’. This kind of drainage 
is normally unnoticeable from the outside, as it is totally covered by the furnace that was built 
on it. The small trench with only 12 cm (4.72 in.) in diameter was covered with huge plates of 
sandstone and constructed in the shape of a horseshoe beneath the furnace.  

Fig. 8: Map of the Wipper-valley with different blast furnace sites along the river, Bergisches Land.
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Fig. 9: Wipper-Valley, Bergisches Land (site No. 90). Plan showing the excavated structures of the site 
around the blast furnace.
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Furthermore, the slag heaps and the depots for ore and charcoal could be located. It is inter-
esting to see that there was clearly distinct space between the ore and the slag, which divided 
this site into exactly defined sections.

The second site (No. 90, Wipper-valley) is located on the northern slope of the Wipper-val-
ley. Ceramic finds date the blast furnace back to the 15th century AD. No other objects (e.g. 
tools or iron-bars) were found. It is likely that people took all valuable things with them when 
abandoning this site. 

The furnace was mainly built of stones which were found in that area. They were local vari-
eties of sandstone with good heat resistance of up to 1580-1610 °C. The blast furnace meas-
ures nearly 3.5 m (137.80 in.) at the front, 3.6 m (141.73 in.) at the sides and only nearly 2.75 
m (108.27 in.) at the back. The inside dimensions are 1.25 x 1.25 m (49.21 x 49.21 in.) but 
the inner furnace was completely cleared out or destroyed, so that no parts of the inner well 
(Gestell) were preserved. Only the stones of the side-walls remained. It seems that the blast fur-
nace was burnt out and prepared for a repair that never happened. The furnace seems to have 
an open breast with a pig-iron-layer in front of it. It was built with its backside into the slope 
so that the furnace could be easily charged with ore and charcoal from the charging area on 
the slope. Drainage trenches, mostly made of stones and covered with a stone for protection 
against dirt were found uphill and on one side of the back of the furnace (see fig. 9). About 
3.5 m (137.80 in.) downhill a trench with wooden boards on its side may have been the cul-
vert of the waterwheel and/or the drainage. The waterwheel and bellows, although not exca-
vated, were probably on the eastern side of the furnace because of the culvert and the distri-
bution of stones forming the wall of the furnace.

Also, still partly visible on the surface near the excavation there were a 250 m (820.24 feet) 
long trench taking the water from the Wipper to the waterwheel and parts of  gorges (Hohl-
wege) leading to/from this ironwork (cf. fig. 8). Unspecified mine-pits were nearby. The near-
est pits were only about 1 km (3280.95 feet) away from the site, although a direct connection 
to the blast furnace site can not be traced.     

As the charcoal fired blast furnaces (Floßöfen) were laid out for continuous operation over a 
period of at least some weeks or months, there had to be a crew sufficient in number for all 
activities during that time. Written documents claim that the blast furnaces of  the15th century 
AD provided the possibility to produce from 200 kg (Grottaferrata/Italy) up to 1000 kg (Forno-
volasco/Italy) of cast iron per day. In the furnaces of the 16th century AD the production capac-
ity increased to 1250 (Siegerland/Germany) - 2000 kg (Kärnten/Austria) of cast iron per day. 
Before starting iron smelting extensive preparations had to be made: water-channels and the 
wheel-housing had to be dug and lined with wooden boards, the waterwheel and the bellows 
were probably made by specially skilled carpenters. The construction of the furnace itself was 
specialized work of experienced iron-workers who were often hired for this task from farther 
away. Ore-miners, charcoal-burners and transport had to be organized in advance. The iron-
works have to be organized and complex plants with sophisticated equipment. The new tech-
nology had a significant financial impact, because the size of the production sites grew to-
gether with the number of the workforce and the amount of raw materials needed. Therefore 
the foundation and operation of a blast furnace ironwork required considerable funds, con-
tracts had to be made and sufficient capital was needed. Due to these factors, some time was 
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necessary to launch iron production itself and start getting profits. The records show that in 
many cases the ironworks pay-off stage was never reached because of numerous difficulties 
that could arise in the course of blast-furnace operation. Nevertheless, some of the lower local 
nobility engaged in the late medieval iron production.
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