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ABSTRACT

wo archaeometallurgical projects of the Westfilische Wilhelms-Universitit Miinster (Ger-
ny) in important regions of Central European iron productlon have provided exemplary resulis

| regard to the technologwal and structural changes in the High and Late Middle Ages. It has
ned out that in areas such als the Dietzhélztal direct iron production in blommeries continued

- time indirect iron production was initiated in other regions, especially in the Miérkisches
rland, Germany. The early blast furnaces ("F lof3dfen") belong to this context. The origin of
new technology is still in the dark.

INTRODUCTION

the High and Late Middle Ages iron-production in Central-Middle-Europe underwent a rev-
onary process of change. Its causes and impacts still remain partly in the dark. From the
of view of chemistry and metallurgy it is the transition from wrought-iron to pig-iron or

‘the traditional direct iron-production process in small bloomeries to innovative indirect
smelting in higher furnaces, which finally (from ca. 1600 A.D.) became the water-powered

¢ of cnergy the first "Stuckéfen” emerged about the time of the late 14, century A.D. At the

ist till late in the 13.-14. century A.D. Then with the introduction of water powe_:_r as anew

rnaces. Both processes are based on the use of charcoal as fuel. Due to the changes in the
d shaping of the landscape this advancement of technology was already visible to the con-
rary people. The old bloomery-sites moved from the middle and upper h‘illslop_es, from
ecations near springs and small brooks ("Seifen") down to the larger valleys of small rivers.
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These Were__changed into furnace sites as a result of the construction of water dams, water res
ervoirs and water channels. These valleys were the nuclei of the so called "Industriegassen”
____ {industrial lanes) partly prosperous. tﬂLJ;oday._CQnstimtioﬁally the rights of ,the,landowners._With
respect to the use of waterpower and the exploitation of woods and ore were touched. Econom-

ically this shift to water-powered furnaces primarily meant financial und personal investments
“?th regard to future profit. This changed essentially the ownership of iron production facilities
and the social structure. There are very few written records in Central Europe of this widely dis-
cernible advancement of early industrial iron-production in the 10. 13. century A.D. So in many
cases we are dependent on archacological investigations even up to the 16. century A.D. 7

Up to now recent interdisciplinary research in Central Europe has primarily been advanced
through grants of the Volkswagen-Stiftung Hannover as part of a special programme promoting
Archaeometallurgy. First results show that, while in the course of the Middle Ages direct iron-
production in bloomeries reached its climax in wide regions, other regions existed where water-
powered blast furnaces were already beginning to become established. This process of change:
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c place gradually, differing in time as well as intensity from region to regi-on‘ Its complex
ological and social implications become obvious in the following two projects of the West-
.che Wilhelms-University of° Miinster (Germany) which may well be regarded as represen-

IRECT IRON-PRODUCTION IN THE LAHN-DILI-AREA (HESSEN)

m the beginning of the Early Middle Ages to the end of the Middle Ages there are three
s of iron-production in the Lahn-Dill region can be distinguished [1, 3-4].

hase 1: Bloomeries ("Rennofen') of the High Middle Ages (ca.. 12.-14. century A.D.)

> region of the rivers Lahn and Dill around the old William of Orange-town of Dillenburg as
nfre was up to the 1950s a center of iron-production and namely the manufacture of iron
s in Germany. Factories like Juno, Oranien or Buderus acquired world fame. The roots of
production based on haematite ("Roteisenstein™) were assumed to be found in Celtic pre-
f-y, but this could not be proved. Instead-in an-investigation area of about 80 sgkm-about-325

se proximity of the sites to water - small brooks or springs - probably because clay of sufficient

nery slag heaps dated in the High and Late Middle Ages. The analysis of bloomery sites showed ™

ty-and-quality- for building and maintaimingthe_furnaces was-easily- accessible there:————

t does a bloomery site look like in the High Middle Ages? How is it connected to the envi-
ent, what is its internal structure, what kind of iron and how much. was produced by whom?
¢ common elements consist of furnace, ore-dressing place, charcoal-store and slag heap (Fig.
the simply constructed clay furnaces (Fig. 3) a mainly self-regulating smelting process [5]
out additional supply of air by bellows produced a wrought iron bloom. The fuel - charcoal
as probably made in pits by the bloomery workers themselves, who used wood from the
_surrounding forests. The ore, a high quality haematite ("Roteisenstein"), was transported over a
ice of at least 10-15 km including some steep gradients.

lging from the amount of slag finally found (around 10-30 tons per site)} we estimate an iron-
ction of about 2-2.5 tons of raw iron bloom ("Luppe") per site in a year. For the years
gen 1150 and 1300 A.D. this would amount with reservation to a quantity of around 4000
.On a basis of an estimated 1600-4000 persons living in this small region that would mean

capita production per-year of 20-25-kgraw-iron-bloom or 10-12:5kg wroughtiron:
ng into consideration all aspects of our archaeological field rescarch the following model
Itrect iron-production with bloomery-technology can be develoﬁs—ad, which may be regarded as
-up to the middle or end of the 13. century A.D. In each microregion an iron-smelter was
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Fig.3 Lahn-Dill-Arca (Dictzhélztal). Reconstruction of a bloomery furnace (site A 68).

busy throughouf_ the year (person A, B, C). However he had to change his production-site (site a, b, ¢)
every year or every two years because all wood for charcoal around his site would be used up [4]
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he finds and the appearance of all sites are generally very similar at that stage An-exception

ith the stone-foundation of a permanent building used for the production of iron goods, a
ithy, in the broadest sense. This smithy dates into the 13./14. century A.D.

Phase II: Stuckofen or intermediate Phase (ca. 14.-16. century A.D;)

L our research region on the rivers Lahn, Dill and Dietzhélze there are some indications sug-
ting that there was an intermediate Phase IT with so called "Stuckofen” (or "Stiickofen"; pl.
,'ckofen" or "Stuckofen") between the Phase I with bloomeries of wrought iron and the Phase
with blast furnaces of pig iron [4]. In German "Stuckofen" means a higher built furnace with
er-powered bellows producing wrought iron in the direct process. The slags still contain ca.
45% FeO. '

uring our survey, sites with slag heaps were also found in the wider valleys of small streams,

> site near Eschenburg-Wissenbach (sité"B85) - fémote from wafer but close to a setiloment

‘with only a slight fall and with a breadth of the streamlets of | m or more. It is likely that
if not all of these sites belong in the time of the "Stuckofen" from about 1300 to 1600 A.D.
it other regions pig iron or cast iron was still made in a indirect process,

s remarkable that there are some slegheaps behind millponds in the upper Dietzhélze-Valley.
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The construction of these miliponds may well reach back into the time of the "Stuckofen”. What:
is striking is the close proximity to later built watermills and slag accumulations. Another indi-

cation is the name "Hiittenplatz'-(="site of a large furnace), a place name quite-often-found.

Site A 12 provided a large quantity of slags. The geopysical (magnetometer) survey showed a.
mill-trench diverting water from the Langenbach probably to drive bellows and or a forging ham-:
mer. The smaller ones of the numerous (several hundred) round platforms in the forests of thi
region for the production of charcoal might also belong to this intermediate Phase II. The pro<

duction of large quantlties of charcoal remained an mtegral part of iron-smelting up to the tran
sition to coke as the main fuel for blast furnaces. T his transition from charcoal-burning pi
(german: "Grubenmeiler") to charcoal heaps can also to be seen on an old illustration from Bir
inguccio (15. century A.D.).

2.3 Phase TII: Time of the charcoal fired blast furnaces ("Hochofen') (16.-19. century A.D.)

We estimate that about 1520 sites in our research region date into the time of the "Stuckofen

—They were certainly not-all in operation at the-sametime: In-post-inedieval-times-these 102
Stuckofen wete replaced by four sites with blast furnaces. These pumbers should not be taken as
~a sign of a declining-productivity since the High Middle Ages, but of a.concentration on few

sites where larger quaiiities were continuously produced over a longer-period-of time, which
the long run led to an increase in production. |

It was only in 1587 that the first blast furnace was it in this region, others followed soo
These blasi-furnace sites with their typical blue-glassy slags are farther away from the wat
‘sources. Specialisation and professionalisation already beginning during Phase 11 of the "Stuc
fen" are further developed and become characteristics of related branches of production as we
like mining, with deep-mining starting in 1588/89. | |

It is remarkable that only from Phase Iil on starting in about 1600 all furnaccs operated und
the control of the Counts of Nassau who also forcefully promoted the introduction of a cyc
management of the low forests ("Haubergswirtschaft") aiming at the production of charcoal ov

a wide area.

3. INDIRECT IRON PRODUCTION IN THE MARKISCHES SAUERLAND

The second region of our research, the Mérkisches Sauerland, is located on the northern edge
the Rheinisches Schiefergebirge. Historically it is the southern core of the former old county
Mark with the towns of Altena, Liidenscheid and Meinerzhagen. Together with the adj acent B
gisches Land with the world wide known towns of Remscheld and Solingen 1’[ was one of t
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mportant regions of early i iron in Europe the. nucleus of the later "Ruhrgeb1et" formed by Krupp,
Hoesch Thyssen etc,

' Tharks to the surveys that were made for several years by Manfred Sénnecken and Hans Ludwig
au this region is one of the most thoroughly documented ones. Sonnecken was able to show with
s excavations at Haus Rhade that the production of pig iron (hard, high-carbon iron) started here
s early as in the 13. century A.D. That was also the the end of the bloomeries in the region.
A rescue excavation by Sénnecken/Knau in 1992 unearthed a mighty, coarse stone furnace ruin
FloBofen") in the water reservoir of the river Jubach with the refining hearths probably belong-
g to it. The metallurgical analysis is clear: contrary to former opinions only pig iron was made.
,_.ere was no. switching between the production of wrought iron and pig iron.

n the course of the research of the University of Minster (also sponsered by Volkswagen-Stif-
ng Hannover) three other blast furnace sites were excavated [2, 4]. In the following I am going
‘present some of the provisional results, since the final reports especially on the metallurgy
rof. Dr. Ingo Keesmann, Mainz) have not yet been finished.

te Nr. 105 is located in the Kerspe water reservon_(Flg. 5). When the reservoir was emptied
to repair works we were able to excavate two impressive furnace ruins. They were found in
d condition, the inside walls of the furnaces partly molten and slag covered were still in their

in the sidewall (Fig. 6, 7). The interior construction the well (the German term for well is
estell”) of both furnaces had been preserved in good condition. Unfortunately the frontside,

ner places up to**h*eight of 1.75 m. One furnace had the openings for the bellows (tuyeres) in

5. The bellows were driven by a waterwheel, its housing ("Radstube™) as well identifiable as
mill-trenches. Those trenches carried the water in a slight falf over a distance of several 100

oftant in’ view of-the-eonstruction-and operation of the furnaces was badly daiaged in both

'-5 Mirkisches Sauwerland. Blast furnace Nr. 1 (1 drainage channel made of stones [Abzucht];
: 2 hole for the bellows).
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Flg 6 Markisches Sauerland, Detail of blast furnace Nr. 1 (1 opened draimage; 2 hole for the
bellows).

metres along the sloping side of the valley. Compared to the other blast furnaces (FloBdfen) i
this regiori relatively few stones were used for their construction. They were mainly built with
clay like the older and smaller bloomery furnaces of this region. o

The tectinological necessity of keeping the opposite elements of fire (for smelting) and wate
for driving the waterwheel and moving the bellows (to reach a temperafture of well over 1300°C
in close neighbourhood required cleverly devised constructions of the furnace builders. So 1

order to keep away the groundwater from the interior of the furnace a system of diverse drainin
channels was built into the foundation of the younger furnace. It can bé assumed that most of th
bigger substantial furnaces had some similar kind of drainage. In this case, for the first time
grainage system under a furnace was found that was describéd by Georgius Agricola abo
100200 years later (ca. 1550) who called it the "Abzucht". |

The older one of the two furnaces is dated by radion-carbon to the second haif of the 13. cet
fury AD.

Comparable results were obtained from the furnace site no. 90 on the upper river Wipper ng
far form the town of Marienheide (Fig. 4). Characteristics of this site is the use-of more stones {0
building the furnace and the draining system. A highlight of this furnaée 18 a wood lined channé
used to carry the water back from the drainage and the waterwheel to the river. This site is est
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Fig.7 Mirkisches Saugrland. Layout of an early blast furnace site (MSL-90).

to have its beginnnings in the 14./15. century A.D. Site no. 90 is located in a very prom-
.section of the Wipper-valley. Since there was no later activity the remains of the former
dustry are comparably well preserved. The furnaces were remote from the rural and urban

ients. Consequently numerous channels and mill-ponds can still identified.

cause the charcoal fired blast furnaces (FloBéfen) were laid out for continuous operation
period of at least some weeks or months (german: ,Hiittenreise®) there had to be a crew
ent in number for all activities during that time. Before starting iron smelting extensive
arations had to be made: water-channels and the wheel-housing had to be dug and lined with
den boards, the WaterWheeI and the bellows were probab]y made by special carpenters. The

nized in advance. Contracts had to be made, sufﬁc1ent capatal was needed. So it took some
before the iron-production itself was started and profit could be gained. The records show
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that many times the stage of gaining profit was never reached due o the numerous difficultie
that could ari,se with regard to blast-furnace operation. Nevertheless, some of the lower loea
----—n9b1hty {ike the- Lgrds_of Neuhoff engaged in_the late medieval iron-production. - '

!

%. DISCUSSION

The reason for the increasing iron-production in High and Late Middle Ages in the regioﬁ
named above and all over mountainous Central Europe from Thiiringen (Cen‘{rai Germany) to th
Lorraine/Ardennes (East of France) lies in the increasing demand for iron {7, 8]. Iron was nee
for building the numerous towns and castles which were founded in that time. Local and region;
conflicts between feudal rulers required the supply of arms and armour. The beginning monet
trade made iron and steel sought after merchandise. Whole towns specialised in the trade wil
iron ("Eisenstidte") and based their wealth on it.

A 1610 painting by the famous painter Jan Breughel the Elder called "Hiitte im Walde" (= Iro

_work-in‘a Forest); now-to-be-seen-in the Galleria Dorla in Rome shows-very-well-what a charco,
fired blast furnace in the forest looked like (Fig. 8). Such furnace sites were widely spread ow

Europe at this time. -
At the beginning-of the-1990s just two regions were known where the _ ,HA}LGJL(IQIP of the bla

furnace and the indirect process of ironproduction could reasonably be assumed to have tak
place: The Mirkisches Sauerland between the rivers Rhein, Lenne, Sieg and Ruhr in the west
- Germany and in Central Sweden around the 01ty of Norberg. From 1989 to 1995 in a resear

Fig.8 Jan Breughel the Elder (1568 1625) around 1602, "Tronworks in the Forest" (Gai]erla Dori
Rome). :
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t sponsored 'by the Volkswagen-Stiftung Hannover mentioned above the Landesdenk-
at of Baden-Wiirttemberg was able to locate in the foreland of the Schwiibische Alb {South-
Germany) as a further region with a probable early production of pig iron rooting in the 12.
ry A.D. [9]. Another newly found site is the blast furnace of Diwrstel (Kanton Basel-Land,
erland) dating to the end of the 13. century A.-D.[I_O]. This site, which has not been fully
ed yet, was excavated from 1996 to 1997. It also had a drainage system under the furnace
-the first time a refining hearth ("Frischherd") surrounded by stonework. In the region
|- Norberg in Central Sweden (north-west of Uppsala) there is a dense concentration of
85 furnace sites. The socalled "FloBofen" (water powered blast furnace) at Lapphyttan has
ampletely been excavated since the late 1970s. However, it has only been published in
prelirﬁinary reports so far. Tis radio-carbon and ceramic finds date to the 13. 15. century
1].

e chart these early finds together with some documentary evidence form central and upper
1 2 map, there is a south-north track for the 13. 14, century A.D. from central Ttaly over the
Central Alps to the Rheinland and Sweden. On the eastern (Austrian, Poland, Slavic
s etc) and western (Western France, Iberian Peninsula, British Isles) side of this track
s no evidence known of the early introduction of the indirect process of 1ron smelting until
te 16. century A.D, e

to the early use of the indirect process it is still too early to assign priority to a single
of Europe. There is a need for research in other core regions whose innovative influence

raft Mark or Central Sweden. Here we are particularly thinking of the flourishing city

- duchy of Burgundy. Due to a mobility characteristic of that period, which can be
in many other fields as well, the new iron-technology spread fast over late-medieval
‘[7, 8, 12]. We assume it spread in connection with dynastic alliances, the foundations of
eries by the Cistercians, pilgrimage over long distances and the high mobility of craftsmen
sins. Whether additional extra-European influences existed, which found their way from
(Levante; Middle Asia) into Europe in the course of the medieval crusades or oriental
ust be left open here. |

y rate further intensive investigations are necessary of the regional and supraregional net-
hich helped to spread the knowledge of the indirect production of iron in the early char-
ast-furnaces. On the other hand the reasons why in many regions this innovative

d with equal intensity. In this context the advantages and disadvantages of both proces-
uld be considered carefully as well (Fig. 9).
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Fig.9 Changes in the medieval iron production of Central Europe from ca. 1000-1600 AD.
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