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Radiocarbon dating of the iron production in slag-pit 
furnaces in jutland 

by Kaare L. Rasmussen, Uffe Rahbek and Olfert Voss 

ABSTRACT 

Seventy-three samples of charred straw and charcoal from 
slag-pit furnaces on eleven different iron smelting sites in 
jutland have been radiocarbon dated in order to investigate 
the duration of the use of the slag-pit furnace in iron produ
ction. At the following four major sites we have estimated the 
duration of iron production: 

Drengsted AD 410-550 
Snorup AD 330-570 
Starup AD 140-340 
Gr~Jdsvang AD 300-550 
Taken as a whole we have dated the use of slag-pit furnaces 

in jutland to approximately AD 250-610. 

ARCHAEOLOGICAL DESCRIPTION 

Iron Age iron production in Denmark is largely con
fined to south-western Jutland, although more than 
100 iron production sites are known throughout the 
whole ofJutland (Voss 1993). The source of the iron 
ore is the abundant bog iron along the streams and 
lakes in Jutland. The charcoal was produced in large 
quantities in the surrounding forests. 

When excavated, a well-preserved slag-pit gene
rally contains a slag block weighing c. 200 kg. Each 
slag-pit is the result of the production of one batch 
of sponge iron, which was left at the bottom of the 
shaft of the furnace while the slag drained into the 
pit. The furnace itself was an almost cylindrical shaft 
built of half-dried clay bricks. The slag-pit under the 
furnace was filled with straw in order to prevent the 
charcoal from falling down into the pit. During the 

smelt, part of this straw sometimes became charred 
and this is the material which has been used for the 
radiocarbon dates in this study. We have radiocarbon 
dated samples from slag-pit furnaces from eleven dif
ferent sites in Jutland (Fig. 1). 

Fig. 1. Map showing the locations of the radiocarbon-dated 
smelting sites in Jutland. The number of radiocarbon dates 
from each site is indicated after the site name. 
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Fig. 2. The Snorup Iron Age village and smelting site. Black dots are slag-pit furnaces. Numbers in circles give the number of 
radiocarbon datings within a cluster. 

Geomagnetic surveys have been carried out at the 
iron production area at Snorup (Smekalova 2003). 
Fig. 2 shows the positions of more than 4000 furnaces 
distributed over an area of c. 0.3 km2 in clusters of dif
ferent sizes, alignments and also as isolated slag-pits. 
One ofthe alignments, Ell, consisting of 14 slag-pits, 
seems to be the result of one continuous iron produc
tion. Ten of the slag-pits are situated in pairs, probably 
because the furnaces were run two at a time. Such 
short term events cannot, however, be resolved by the 
radiocarbon method. Air photography and partial 
excavation have revealed a village within the Snorup 
production area (Fig. 2). The houses at the smelting 
sites are similar to houses in non-iron producing villa
ges found elsewhere in jutland. This seems to indicate 
that the farmers themselves carried out the iron pro
duction, possibly under the guidance of a local smith 
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or master smelter. According to the potsherds found 
in the parts excavated, the houses belong to the 4th 
- 6th century AD. There were no signs of habitation 
before or after the period of iron production. It is quite 
possible that the site was colonized because the raw 
materials for iron smelting, bog iron ore and charcoal 
were available here. It seems that the site was aban
doned when the iron smelting stopped, suggesting 
that the iron smelting was the basis for the economy. 
Contemporary farming settlements were also found 
in limited excavations at Horne, G0dsvang, Yderik and 
Krarup (see Fig. 3), so it seems that iron smelting sites 
are commonly connected to settlements. 

This connection between settlements and iron pro
duction sites is supported by three cases in southern 
Jutland: at Drengsted, Nybo and M0lleparken. The latter 
sites have only been partially excavated. At Drengsted 243 



Fig. 3. Within the 10x10 km area around Snorup magnetic 
surveys have been carried out at seven new smelting sites 
of different sizes: Hindsig with 70 slag-pits; 300 or more in 
Horne; G0dsvang with 1200 or more; Yderik with probably 
1300; Krarup 1000; Krarup East with 100 slag-pits and 
Hessel with more than 500. There are four medieval chur
ches in this area: Horne, Tistrup, Hodde, and Torstrup. All 
are surrounded by cemeteries with stone dikes containing 
from a few up to several hundred slag blocks and parts of 
blocks. 

slag-pits have been located within the 50.000 m 2 area 
excavated. Excavations at the settlements at Drengsted 
revealed pottery and artefacts, which are dated to the 
4'11 and 5'11 century AD. At Starup, a modern village 
16 km southeast of Snorup, some 400 slag-pits, which 
are only a part of a larger, but destroyed iron smelting 
site, have been excavated on the eastern and western 
side of the modern village. 

DATING METHOD 

The samples for radiocarbon dating were pre-treated 
according to the standard procedure with hydrochlo
ric acid and sodium hydroxide in order to remove pos
sible contamination with carbonate and humid acid 
(Mook & Waterbolk 1985). After pre-treatment the 

organic material was burned in an atmosphere of pure 
oxygen and thus converted to carbon dioxide, which 
was further purified in order to eliminate 222Rn, SOx' 
and NO . Three litres of carbon dioxide at standard 
conditioxns was admitted to a proportional counter 
equipped with a guard counter, where the natural 
radioactivity was measured for at least 20 hours. 013C 
was measured on 50 samples, i.e. those dated after 
1971. These samples were corrected to the terrestrial 
value (013C = -25 o/oo PDB). The 27 samples dated 
prior to 1971 were assigned larger standard deviati
ons in order to compensate for the lack of isotopic 
fractionation correction. The radiocarbon dates 
were calibrated to calendar years according to the 
bidecadel atmospheric calibration curve of Stuiver & 
Pearson (1993) using the calibration program Calib 
ver. 3.0.3C from University ofWashington (Stuiver & 
Reimer 1993) 1

• 

It should be noted that whenever possible char
red straw was preferred to oak charcoal in order to 
minimize the effects of any possible external age (i.e. 
the difference between the age of the sample and 
the archaeological event to be dated). In some cases 
further samples from the same site were dated in order 
to estimate the period of use of the individual sites. 

RESULTS 

The laboratory numbers, radiocarbon dates, most 
likely calibrated dates, and calibrated age intervals at 
0 ± 1 standard deviation are given in the appendix. Fig. 
5 shows an example of the calibration of a radiocarbon 
date. Calibrating the unimodal normal distributed 
radiocarbon dates (the y-axis in Fig. 5) frequently 
results in multimodal (i.e. having several peaks) 
non-parametric age distributions in calendar years 
(the x-axis in Fig. 4). This complex multimodal distri
bution is the final result of the radiocarbon dating. 

1. New calibration curves (Radiocarbon 1998) have been 
introduced during the eight year publishing process for 
this paper. The differences between the 1993 and the 

1998 calibration curves only amount to 5-10 years in the 
present age range. Considering the uncertainties of the 
dates and calculations in this paper the introduction of 
the new calibration curves will have very little influence on 
the results, and it has thus been decided not to re-calibrate 
according to the 1998 curves. 
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Fig. 4. Example of calibration of one of the radiocarbon 
dates (K-5858). 

The wiggles in the calibration curve especially in the 
Iron Age (Fig. 5) constitute an inherent ambiguity in 
the radiocarbon dating technique, as the calendar 
year probability distributions are broader in these 
time intervals. A wiggle makes it almost impossible to 
distinguish dates between approximately AD 430 to 
AD 550. Fig. 6 shows the calibrated age distributions 
of the samples from the four major sites included in 
the present study. 

The first analysis to be performed on the data is to 
establish whether or not the samples can be assumed 
to be contemporaneous. A hypothesis of contempo
raneousness for a set of radiocarbon dates can be 
tested statistically by a X2-test. X2-tests show that the 
probability for all samples being contemporaneous is 
less than 5% at Snorup, Drengsted, Starup, G0dsvang, 
and for the data taken as a whole. The dated samples 
therefore most likely represent prolonged activity 
rather than an event limited in time to one or two 
generations. 

The next point of interest is whether there is any 
geographical system for the exploitation within an 
iron-producing site. At Snorup, where we have 11 
radiocarbon dates in an area with a concentration of 
c. 800 furnaces, we find no significant correlation bet
ween location and age, so it is likely that the smelting 
activity took place randomly within the sites throug
hout the time of production. 

We believe that we have dated a sufficient number 
of samples from Snorup and Drengsted to ensure that 
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the dated samples are representative for the level of 
smelting activity at these sites. Accordingly we have 
constructed a combined probability curve for all the 
dates at Snorup in order to investigate the possible 
changes in activity through time (Fig. 7). Adding 
together the calibrated probability distributions has 
produced this curve. Three main factors may influ
ence this sum curve. First, the selection of samples 
could possibly favour samples from certain parts of 
the period of activity. Secondly, the wiggled nature 
of the calibration curve could artificially, so to speak, 
cause an uneven probability distribution and thirdly, 
the shape of the sum curve could quite simply reflect 
the level of production activity at the site at different 
times. Let us address each of these factors. 

The first factor that could influence the sum curve 
is sampling bias. It is conceivable that younger fur
naces are better-preserved or more easily accessible 
than older furnaces. If this were the case it would 
most likely add probability to the late part of the com
bined probability curve. The archaeological excava-
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Fig. 5. The radiocarbon calibration curve shows many 
wiggles in the Iron Age. Calibrating a conventional radio
carbon age into calendar years where there is a wiggle in 
the calibration curve produces a longer interval of calendar 
years than would otherwise be expected from a smooth 
calibration curve. The calibration curve is from Stuiver and 
Pearson (1993). 



Fig. 6. The calibrated ages for all the radiocarbon dates from the four major sites in the present study. 
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tions have, however, not revealed any changes in the 
size, depth or construction of the furnaces. Older and 
younger furnaces thus seem to be equally accessible. 
The dated materials were collected from furnaces 
which were excavated and which contained enough 
organic material to allow conventional radiocarbon 
dating. The degree of preservation is quite similar 
in all investigated samples, so it is unlikely that older 
furnaces have perished and thus occur less frequently 
in our data. Consequently this factor does not affect 
our data to any significant degree. 

The second factor, the wiggled nature of the 
calibration curve, can cause an artificial decrease or 
increase in the combined probability curve within 
certain time intervals. Whether this factor was 
important or not can be assessed by the following 
numerical experiment. Consider a square probability 
distribution, i.e. a distribution with uniform 
probability within a certain interval of calendar years 
and zero probability elsewhere. Each 20-year-point 
from this square-formed distribution is transformed 
into a 14C-age, assigned a common standard deviation 
and calibrated back into a calendar year probability 
distribution. Finally these distributions are summed 
to give a combined probability curve for all dates. As 
an example we have sampled 13 radiocarbon ages 
of bidecadel tree ring series from the calibration 
curve in the time interval AD 330-570. Each of these 
13 radiocarbon ages was rounded off to the nearest 
decade, assigned a standard deviation of ± 65 years 
and calibrated by use of the atmospheric bidecadel 
curve using the University of Washington calibration 
program. This produced 13 individual probability 
distributions, which were added and normalized to 
yield a sum curve. This artificial sum curve is shown 
in Fig. 8, where the initial distribution is also shown 
(stipled line). The ±1 standard deviation interval of the 
combined probability curve was calculated to be AD 
330-550 and the ±2 standard deviation interval to be 
AD 230-620. Note how well the ±1 standard deviation 
interval fits the original time span of AD 330-570. 
Comparing the shape of this simulated calibration 
of a square distribution (Fig. 8) with our data from 
Snorup (Fig. 7) it is evident that these curves resemble 
one another. It is obvious from this example that a 
uniform (square) distribution can be altered through 
the radiocarbon calibration procedure into a shape 
very similar to the one found for Snorup in the present 
study. From the comparison of Figs. 7 and 8, shown 
in Fig. 9, it can be deduced that the level of activity at 
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Snorup is consistent with a uniform production activity 
from c. AD 330-570. However, a slow starting phase 
from c. AD 150-330 shows a gradual increase from zero 
to the constant and uniform activity level between AD 
330 and AD 570 when it ended abruptly. 

The question then arises as to when the phase 
of activity at a site starts and when it terminates. 
No specific sharp boundary dates can be given as 
a starting date or termination date for the phase 
of activity, but the OxCal v2.17 computer program 
from the Radiocarbon Accelerator Unit in Oxford 
(C.B. Ramsey, 1995) can estimate the probability 
distribution of the start and of the termination of 
the phase (the BOUND-function). This has been 
done under the assumption that the dates represent 
one phase and that samples are chronologically fairly 
uniform. For the combined sum curve of all 73 dates 
we find that the most likely date for the starting of the 
iron production phase is AD 250 and the ± 1 standard 
deviation interval of the starting boundary is AD 220-
290 (Table 1). The termination of the phase is most 
likely AD 610 and the± 1 standard deviation interval 
of the termination is AD 590-630. Initially, at AD 250, 
there was a rather low level of activity. At approximately 
AD 290 the activity reached its high and constant level, 
which lasted until AD 610 where it ended abruptly. 
Similar calculations have been made for the specific 
locations from where more than four samples have 
been dated. The results are shown in Table 1. 

DISCUSSION 

The uneven onset of iron production at the various 
sites can easily be understood as a growing demand 
for malleable iron. An alternative explanation of the 
slow starting phase could be that it took a long time 
to attain the yearly production of about 5 tons of char
coal that was alone required for smelting in Snorup in 
the period from AD 330 to 570. At least 10 hectares 
of the surrounding forest had to be put into coppice 
management before AD 330 and during that same 
period, the settlers also had to clear the forest for 
farming and building houses. Typical time intervals 
for coppicing, 10-30 years, cannot however be distin
guished by the radiocarbon method due to wiggles in 
the radiocarbon calibration curve. According to the 
archaeological finds the Snorup site was not settled 
prior to AD 200. 
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Fig. 7. The combined probability distribution of all the 
radiocarbon dates at Snorup. The curve has been con
structed by stacking the calibrated age distributions from 
Snorup shown in Fig. 6. 
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Fig. 8. Results of a numerical experiment showing the effect 
of the wiggled nature of the radiocarbon calibration curve. 
An original square calendar year distribution from AD 330 
to AD 570 (dashed line) is converted into 13 equally spaced 
conventional radiocarbon dates using the calibration curve 
each of which is assigned an uncertainty of± 65 14C-years. 
These 13 conventional dates are calibrated in the usual way 
and the resulting calendar year probability distributions 
are summed and normalized (solid line). Some broadening 
relative to the square distribution is observed due to the 
wiggled nature of the calibration curve. 
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Fig. 9. The combined or stacked probability distribution 
from the radiocarbon dates at Snorup (solid line) shown 
together with the probability distribution derived as descri
bed in the text and in Fig. 8. 

The iron production at the excavated part of the 
Starup site lasted from AD 140 to AD 340. Snorup, 
Drengsted, and G0dsvang became major iron produ
ction sites in c. AD 350. The production activity here 
seems to have proceeded at a uniform pace for c. 200 
years until c. AD 550, when it terminated abruptly. 
The reason for ending the iron production at Snorup, 
Drengsted, and G0dsvang, is not known. The demand 
for iron in this part of Europe did not diminish neither 
in AD 340 or in AD 550; quite the contrary- more and 
more iron tools came into use. It is possible that the 
200 years of charcoal production had exhausted the 
forest to a degree where the charcoal production no 
longer could take place on a big scale. Archaeological 
evidence, with only about 10% of the settlement exca
vated, points to an abandonment of the settlement at 
Snorup some time in the 6th century AD. 

This picture of more or less constant iron produc
tion activity over a period of 200 years seems somewhat 
special for southern Jutland, at least compared to the 
only other investigation where comparable results have 
been produced, namely at the iron production site in 
Joldelund, Nordfriesland (Erlenkeuser & Willkomm 
1997). Extensive radiocarbon dating at J oldelund 
revealed both some geographical differences as well 
as a somewhat uneven production activity. 
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Table 1. Note that the estimates become more uncertain when based on fewer dates. Even though it only comprises seven 
dates, Starup seems to be an early production site, while the other sites are more or less contemporary with each other. Seen 
from a statistical viewpoint it is, however, not unlikely that the activity at all the sites, including Starup, has overlapped. 

At Snorup, which was active for c. 240 years, a total 
of 4000 smelts over 240 years gives an average of c. 17 
smelts per year. Each smelt produced c. 40 kg of iron 
yielding c. 670 kg of iron each year(Voss 1995). The 
production at Snorup proceeded continuously for 240 
years or almost nine generations. This amounts to a 
total iron production at the site of c. 160 tons. A small 
amount was used in the village, but most of the iron 
must have been transported to external consumers. 

Nine generations of steady primary iron produc
tion, which was used for weapons, utensils and other 
commodities as well as export, must have created 
some wealth in Iron Age Denmark. Excavations or 
other information sources do not, however, show 
any signs of such wealth. The fact that we have here 
proven a continuous and uninterrupted iron produc
tion for more than nine generations calls for further 
archaeological excavations in the area in search of the 
possible centre of wealth and power. 
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CONCLUSIONS 

Seventy-three samples from iron production regions 
in Jutland have been radiocarbon dated. No spatial 
development has been found within the area with 
respect to time. A combined probability distribution 
has been constructed as the sum of individual proba
bility distributions of all calibrated dates. The results 
of our investigation are that the iron production acti
vity took place continuously from the third to the 7th 
century AD. The shape of the combined probability 
distribution of the radiocarbon dates is consistent with 
a fairly uniform iron production activity throughout 
the period AD 250-610. 

Translation: 

David Earle Robinson & Anne Blochj0rgensen 
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Appendix 

The samples were excavated from the base of slag-pit furnaces which lack other dating artifacts. Most samples 
consisted of charred straw and the dates were calibrated using the 20 years averaged atmospheric curve by 
Stuiver and Pearson (1993). K-5857 consisted of charcoal (Quercus sp.) from a branch or trunk with more than 
40 annual rings. The date of K-5857 was calibrated by use of a 40 year-averaged calibration curve. 
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