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A Viking Age/Early Medieval slagheap and remains of clay from furnace walls
have been found in the close vicinity of a mire at Askagsberg, western Sweden
(60°17°30"N, 5°31'42"E). About 100 m south of the mire, groundwater
movements have favoured precipitation of iron oxides to form red soil. Despite
the low concentrations of iron in the primary minerals, the red soil contains c.
60% Fe,O,. These concentrations allow direct iron production. The silica con-
tent (2-7% SiO,) is probably too low for slag formation, however. To com-
pensate for this deficiency, it is likely that till that was rich in silica was col-
lected at the margin of the mire for mixing with the red soil. A maximum of 10
m? of red soil is estimated to have been mined, containing c. 10* kg iron.
Charcoal incorporated in a piece of slag collected from the bottom of the heap
was radiocarbon dated to 990-1160 cal ap. A marked decrease in tree pollen
concentration, contemporary with an increase in charcoal particles, indicates
that wood cut from the surrounding forest was used for charcoal production
between 1000 cal ap and 1350 cal ap. Small-scale cultivation and forest graz-
ing were dated to ap 1600, corresponding to the initiation of the Finnish colo-
nisation.

Keywords: Early Medieval/Viking Age iron production, vegetation history, red
soil, chemical composition

Introduction

During recent years, archaeologists in Sweden have
shown a growing interest in the formation and quality
of ores found in connection with iron production sites
from the Iron Age onwards (Wedberg 1987; Joosten et
al. 1998; Espelund 1999:98-112). To reconstruct the
labour process, an important question is whether the
ore was of local origin or transported to the site from
some distance away. The iron making process also de-
manded large amounts of wood, so that several at-
tempts have been made to trace forest cutting from
studies of pollen stratigraphy in adjacent lake sedi-

ments and peat accumulations (K6nigsson & Qvar-
fort 1988; Solem 1991; Karlsson 2000; Karlsson &
Robertsson 2001). Although it is well known that ores
from bogs, lakes and red soil were used for iron pro-
duction during the Iron Age and the Medieval period
(G. Magnusson 1986; Bjorkenstam 1990:55-56),
there have been few geological and geochemical stud-
ies of the available iron ores. Furthermore, opinions
differ about the chemical composition of iron-rich
soils, i.e. red soils, and thus their usefulness for this
purpose (Espelund 1999:98-112). Bjdrkenstam
(1990:55-56) states that the first ores used in Sweden
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were red soil, iron ochre and bog iron. Recent studies
and experiments have shown that red soil sometimes
has a sufficient iron content to be used as an ore
(Wedberg 1984; Augustsson 1985; Wedberg 1987;
Pettersson 1998:34-36), but as there are no accepted
standard extraction or analytical techniques, compari-
sons between reports are difficult (Buchwald
1997:225-253; 1998; Espelund 1999:98-112). The
molar ratio between iron and silica is important for the
formation of slag, and thus for iron production. To
produce iron, a Fe/Simolar ratio between 1.2 and c. 6
was needed (Espelund 1999:98-112).

Direct iron production was introduced in Sweden
during the late Bronze Age (Serning 1984; Hjértner-
Holdar 1993) or at the beginning of the Early Iron
Age, c. 500 Bc (G. Magnusson 1986), and the tech-
nique continued to be practised in some areas of mid-
western Sweden until the mid-19th century (G.
Magnusson 1986). More than 90 iron production
sites and more than 1000 charcoal burning pits have
been identified in the northern part of the county of
Vérmland (E. Svensson 1998:79-101). Radiocarbon
dates for charcoal incorporated in pieces of slag indic-
ate that the majority of the iron production sites date
to the Late Iron Age and/or Early Medieval period (E.
Svensson 1998:79-101; Myrdal-Runebjer 1998:4-
19). One feature common to all the sites dated to these
periods is that no furnace constructions are visible
above the ground, and that they are situated in areas
with several charcoal pits. At Askagsberg (Fig. 1), iron
was produced by the direct reducing method, i.e. only
the slag was melted (cf. G. Magnusson 1992). The
purposes of the present interdisciplinary pilot study at
Askagsberg were to describe the chemical characteris-
tics of a supposed local ore, to estimate the quantity of
material mined and to investigate human impact on
the vegetation.

Gun Pettersson was responsible for the chemical
analyses and the measurements of mineral magnetic
concentrations, Sven Karlsson for the pollen analyses
and Eva Myrdal-Runebjer for the archaeological data.
The authors made interpretations jointly.

Site description

Askagsberg (60°17°30”N, 5°31'42”E) is situated on a
plateau about 290 m a.s.l. in a fissure valley landscape
in northern Vérmland (Fig. 1A-D). The bedrock is
dominated by red gneiss, with varying amounts of
magnetite (N.H. Magnusson et al. 1962:5-18). The
site is located west of the mylonite zone, and is part of
the gneiss region of south-west Scandinavian Domain.
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The bedrock is mostly covered by a thin, more or less
uniform sandy till, rich in boulders (Lundgvist 1956;
1958:35-77). The mineralogy of the boulders indi-
cates short-distance glacial transport (Lundgvist
1958:35-77). The valleys are often occupied by mires.

The remains surviving from iron production at this
site consist of a slagheap, including scattered pieces of
clay from furnace walls (RAA 421 in Ostmark parish;
Fig. 1C, D). Charcoal incorporated in a piece of slag
collected from the bottom of the heap was radiocarbon
dated to the transition between the Late Iron Age and
Early Medieval times (97570 sr, Ua-13412; Myrdal-
Runebjer 1998:4-19). This date corresponds to 990-
1160 cal ap (Stuiver et al. 1998). Nine charcoal pits
have been found within 500 m of the slagheap.

The hill-slope at the iron production site is covered
by a thin layer of till, and lenses of reddish soil occur
sporadically along the mire margin west of the
slagheap. Chemical weathering in the till close to the
mire has occasionally been efficient enough to break
down some of the boulders to gravel-sized particles,
and a reddish precipitation of iron oxides occurs un-
derneath these. A terrace-like feature in the minero-
genic material was observed at the boundary between
the mire and the till slope, east of point 5 (Fig. 1D).

Drainage from the mire is characterised by seepage
of surface and groundwater from the south-western
corner to enter the River Valpan c. 150 m south-east of
the slagheap (Fig. 1C). Fine-grained red soil rich in
iron has been formed where the ground surface shows
the steepest inclination (Fig. 1C, E). A <45 cm thick
layer of red soil covers an area of 15-20 m?on the east-
ern side of the drainage basin, while red soil occurs
sporadically on the western side. These areas are sepa-
rated by a depression c¢. 60 cm deep. The red soil con-
sists of a fine-grained matrix. Iron nodules, 1-2 mm in
diameter, were found east of the depression. This oc-
currence of red soil can be traced up-slope, towards the
crest of an elongated till ridge (N55°E), at the south-
western end of which thin layer of red soil measuring
up to 5 cm was identified. Podzols were dominant at
the opposite end, with transitional soils in between.
Drainage from the south-western part of the till ridge
is directed towards the major occurrence of red soil,
east of the mire drainage basin.

The vegetation surrounding the mire is character-
ised by a relatively open pine forest. The ground cover
is formed by cowberry plants (Vaccinium vitis-idaea)
and reindeer lichen. Sparse stands of pine and birch
(Pinus sylvestris, Betula pubescens) are growing on the
mire surface, while dwarf birch (Betula nana) occurs
sporadically. The ground vegetation consists of
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Figure 1. A, B. The Askagsberg site is situated in northern Varmland, c. 30 km north-west of Torsby and 2 km

east of the Norwegian border.

C. The mire is located on a plateau, c. 290 m a.s.l.

D. Positions of sampling points 1-9 and location of the slagheap.

E. An area with red soil was found along the diffuse drainage area. The line between sampling points 10 and

11 indicate the position of the schematic cross-section shown in Fig. 6.
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Table 1. Concentrations of the major elements in the soil samples. There is only a small difference in geochemical composi-
tion between the <20 mm and <2 mm samples, but there is a large difference between the samples collected close to the
mire and those from the red soil. Since the particles constituting the red soil fall within the grain size fraction <2 mm, only

this fraction was analysed.

Point Depth Material Si0, ALO, Fe,O, MnO PO, Fe/Si SiO, ALO, Fe,0, MnO PO, Fe/Si
(cm) analysed %) (%) (%) (%) (%) %) () () (%) (%)

<20 <20 <20 <20 <20 Mole <2 <2 <2 <2 <2 Mole

mm mm mm mm mm ratio mm mm mm mm mm ratio
2 06-11 B-horizon 66.5 134 38 006 016 00 625 121 32 004 016 0.0
3 40-45 Reddish lens 57.0 128 60 005 008 01 441 122 71 0.03 010 01
4 30-40 Reddishlens 67.1 134 21 005 006 00 523 124 22 0.03 012 00
5 20-30 Reddishlens 56.0 129 41 004 012 01 483 127 41 0.02 019 01
5 30-33 Reddish lens 56.5 108 6.2 005 008 01 429 85 83 002 014 01
5 35-45 Reddish lens 44.2 135 37 004 013 01 393 134 36 002 018 01
6 42-62  Reddish lens 55.2 120 61 004 011 01 463 110 64 002 014 01
7 19-21 Reddishlens 64.4 128 33 006 012 00 650 123 31 0.04 014 00
8 21-40 C-horizon 68.1 124 33 006 012 00 658 112 29 0.03 015 0.0
9 20-25 Reddishlens 67.6 120 29 003 008 00 645 116 3.0 0.03 0.08 0.0
9 25-40 Reddish lens 64.9 141 43 007 009 00 315 95 34 002 008 01
9 40-50 Reddishlens 54.0 134 71 005 013 01 401 130 69 002 013 01
10 10-15 Red soail 3.0 12 676 120 023 170
11  10-15 Red soil 3.0 22 658 400 025 165
11  20-25 Red soil 3.3 26 631 490 027 144
11  25-30 Red soil 25 24 623 340 027 188
11  30-35 Redsoail 2.5 26 558 870 030 16.8
11  35-45 Redsoall 74 30 538 480 026 55

heather, crowberry, wild rosemary, bog whortleberry,
bilberry and cowberry (Calluna vulgaris, Empetrum
hermaphroditum, Ledum palustre, Vaccinium uligino-
sum, V. myrtillusand V. vitis-idaea).

Materials and methods
Fieldwork

After stratigraphic explorations of the mire, a 170 cm
long core was retrieved using a Russian peat sampler
(Jowsey 1966) from point 1, c¢. 25 m west of the
slagheap (Fig. 1D). The pollen content and the con-
centrations of mineral magnetic particles were deter-
mined. The main part of the sequence, between 170
and 30 cm, consisted of fen peat with a medium degree
of humification, and the uppermost 30 cm of bog
peat. The organic material was superimposed on
coarse-grained minerogenic matter. Eighteen soil sam-
ples were collected from reddish lenses, the B and C
soil horizons in the till and the red soil. These samples
were analysed regarding their chemical composition.

Geochemical analyses

The geochemical soil analyses were performed on
minerogenic particles <2 mm. If coarser particles were
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present, the grain size fraction <20 mm was also ana-
lysed. The material was dried at 105°C for two hours,
homogenised and ground to a fine powder in an agate
mill. 100 mg of this powder and 150 mg lithium
methaborate (LiBO,) was ignited at 1000°C for 30
minutes, dissolved in 25 ml 8% nitric acid (HNO,)
and diluted to 100 ml (Burman et al. 1977). The solu-
tions were analysed with an ICP (Induced Coupled
Plasma) spectrometer. In view of the high iron concen-
trations, carbon was added to the samples from points
10 and 11 to reduce Fe** to Fe?. The silica, alu-
minium, iron, manganese and phosphorous concen-
trations are expressed in terms of their oxides (SiO,,
ALO,, Fe,0,, MnO and P,0O,).

Radiocarbon dates

Three bulk samples of peat from the core, collected at
36, 65 and 95 cm depth covering the presumed
period of human impact, were AMS dated at the
Angstrom Laboratory, Uppsala University, Sweden
(Possnert 1990). Macroscopic roots were removed
prior to dating. The sodium hydroxide (NaOH)
soluble fraction (SOL) was dated using a half-life
T.,=5568+30 years.
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Pollen analysis

The core from point 1 was subsampled at 2.5, 5and 10
cm intervals, resulting in 32 samples. The denser inter-
vals were chosen to cover the sequence assumed to re-
flect human activities, while a less dense interval was
accepted for the bottom part. The material was proc-
essed by the conventional acetolysis method (Erdtman
1936; Berglund & Ralska-Jasiewiczowa 1986). Tablets
containing ¢. 12500 Lycopodium spores each were
added to the samples at the initial stage for calculation
of the pollen concentration/g dry weight (Stockmarr
1971). The basic sums varied between 300 and 500
pollen grains per sample. These sums were normally
reached after counting one slide. A second slide was
scanned for additional pollen grains of human indica-
tor plants, which were added to the basic sum. Identi-
fication of the pollen and spores followed mainly
Faegri & Iversen (1989) and Moore et al. (1991),and a
reference slide collection was also used for comparison
purposes. Trees, shrubs, dwarf shrubs and terrestrial
herbs were included in the pollen sum for the percent-
age calculations. Spores were excluded from the pollen
sum in the percentage diagram. Microscopic charcoal
particles, >20 mm, were counted in parallel with the
pollen because they may provide information about
fires close to the sampling point (cf. Zackrisson 1977;
Tolonen 1986; Patterson et al. 1987; Bradshaw &
Hannon 1992; Renberg et al. 1993; Almquist-Jacob-
son 1994:58-62).

The pollen results were compiled using the compu-
ter programs TILIA, version 2.0. b.4, and TILIA
GRAPH, version 2.0. b.5 (Grimm 1992). Trees and
shrubs are presented as separate groups, while herb
pollen is divided into cultivated plants, general
apophytes, forest herbs, fresh meadows, wet meadows
and ruderal communities (Behre 1981, Berglund &
Ralska-Jasiewiczova 1986, Gaillard & Berglund 1988,
Hammar 1999). Local pollen assemblage zones were
established by cluster analysis implemented using the
computer program CONISS (Grimm 1987).

Mineral magnetic measurements

The peat was subsampled contiguously at one cm in-
tervals, resulting in 171 levels. The material was put
into non-magnetic polystyrene containers, each repre-
senting c. 8 cm?®. The initial magnetic susceptibility of
the fresh samples was measured with a Geofysica Brno
KLY-2 Kappabridge at the Department of Quaternary
Geology, Lund University, Sweden, the final result be-
ing corrected for the diamagnetic contribution of the

sample holder. Saturation Isothermal Remanent Mag-
netisation (SIRM) was induced in 1 Tesla, using a
Redcliffe BSM-700 pulse magnetiser and measured
with a Molspin Minispin magnetometer. After the
magnetic analyses, the samples were dried at 40°C and
weighed to allow calculation per unit of dry weight (cf.
Lageréas & Sandgren 1994). The results are expressed
in mass-specific Sl units.

Results and interpretation
Soil chemistry

The sample collected from the C-horizon at point 8
contained 2% Fe,O,, which represents an average
value for Swedish tills (cf. Melkerud et al. 1992:20—
21) and may be taken here to represent the local back-
ground. The samples collected from lenses in the till
close to the mire show similar values (2-5%) and low
Fe/Si molar ratios (Table 1), indicating that the mater-
ial cannot have been used for iron production (cf.
Espelund 1999:98-112). The chemical composition
as determined for the grain size fractions <20 mm and
<2 mm is relatively uniform, indicating low variability
in mineralogical composition for these grain sizes in
the soil.

The red soil is dominated by particles <2 mm, al-
lowing analysis only of this fraction. The six samples
studied show a distinct difference in chemical compo-
sition from the lenses in the till (Table 1). The iron
content varies between 54 and 68% Fe,O,, with values
decreasing downwards in the soil profile. The Fe/Si
molar ratio is high, 5.5 to 18.8, making this material
suitable for direct iron production (cf. Espelund
1999:98-112), although the silica concentration may
be close to the lower boundary for production (2.5-
7.4% SiO,). The manganese content is high, 1.2—-
8.7% MnO, which may compensate for the low silica
content to some extent (cf. Espelund 1999:98-112).

Radiocarbon dates

The 1 cm slices of peat from depths of 95, 65 and 36
cm were dated to 2980+70, 1680170 and 60550 C
years sp, respectively (Table 2), corresponding to
1320-1110 cal Bc, with 61.7% probability, 250-440
cal ap, and 1300-1400 cal ap with 68.2% probability
(Stuiver et al. 1998). A time-depth model was con-
structed on this basis (Fig. 2) allowed an age of 6300
14C years to be achieved at depth 170 cm by extrapola-
tion from the two lower dates. This age should be con-
sidered a minimum for the level concerned, as the
higher degree of humification in the bottom 0.5 m
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could have resulted in a higher compaction, increasing
the age of the bottom layer. A line was fitted between
the two upper dates and extrapolated to the boundary
between the fen peat and bog peat. If affected by con-
tamination errors, it is possible that the dates may be
too young, because of downward penetrating rootlets
(cf. Olsson 1986; 1991; Akerlund et al. 1995). Con-
ventional and calendar year ages for the zones were es-
timated from the time-depth model.

Pollen analysis

Four local pollen assemblage zones were identified
(LPAZ AS 1-4), covering changes in the local vegeta-
tion history for the last ¢. 6300 **C years sp (5300 cal
BC).

In LPAZ AS 1, estimated to extend from 6300 to
1600 **C years sr (5300 cal Bc —450 cal ap, 170-62.5
cm), Pinus and Betula pollen dominate the forest veg-
etation, with values mainly between 35 and 50% (Fig.
3). Pollen values for Alnus vary between 5 and 10%
and the combined figure for Corylus, Quercus, Ulmus
and Tilia fluctuates around 1%. Scattered pollen
grains from Picea are found in the upper part of the
zone. The fen taxa are dominated by Cyperaceae,
Menyanthes and cf. Potentilla palustris. There are weak
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traces of human activities at depths of 150 and 95-85
cm, as indicated by single pollen grains of Plantago
lanceolata and Melampyrum together with a peak in
grass pollen (Poaceae). This pollen composition may
be interpreted as the result of forest grazing at around
3000-2600 *“C years sp (1200-800 cal Bc). Two char-
coal layers at 125 cm and 105 ¢cm depth, correspond-
ing to ¢. 4200 and 3700 **C years spr (2800 and 2100
cal Bc), indicate that forest fires occurred in the vicin-
ity. These were most likely of natural origin, since there
is no pollen indicating human activities. The forested
areaaround the Askagsberg fen is interpreted as having
possessed stable vegetational conditions dominated by
pine and birch. A large proportion of the birch stands
may have been growing on and around the fen (to-

Table 2. AMS radiocarbon dates (*C yrs BP) and cali-
brated ages (BC/AD) according to Stuvier et al. (1998).
The dated samples correspond to 1 cm slices of bulk
Carex peat.

Depth  Lab.no Uncorr Calibrated age

(cm) “Cyrs srtlo BC/AD otC
36 Ua-19485 605+50 AD 1300-1400 -26.6
65 Ua-15096  1680+70 AD 250-440  -27.7
95 Ua-15095  2980+70 1320-11108c  -27.8

1680+70 BP / AD 250-440

2980+70 BP / 1320-1110 BC

T T T T
0 500 1000 1500 2000

T T T T T T T T T
2500 3000 3500 4000 4500 5000 5500 6000 6500

conventional “C yrs BP

Figure 2. Time-depth model based on three radiocarbon dates. We assume that the rate of accumulation changes at the
boundary between the fen peat and bog peat. The scale showing estimated cal. years BC/AD is based on Stuiver et al. (1998).
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Figure 3. A, B. The percentage pollen diagram from point 1 reflects the vegetation changes since c. 6300 “C years BP (c.
5300 years cal BC). The increased human impact in LPAZ AS 3 and AS 4 is interpreted as a result of forest grazing and
cultivation. Approximate calibrated ages corresponding to every 10 cm are shown in Fig. 2.

gether with Alnus). The sparse occurrence of QM trees
(Quercus, Ulmus, Tilia and Fraxinus) is probably re-
lated to the altitude and the thin, nutrient-poor soil.
In LPAZ AS 2, dated to 1600-1000 “C years sp
(450-1000 cal ap, 62.5-46.0 cm), pollen of Pinus is
dominant, while the Betula curve decreases. Picea in-
crease rapidly from single percentages to c. 20% at the
lower zone boundary (Fig. 3), reflecting the general

spread of spruce to the area , dated to 1680+70 sp
(250-440 cal ap). This age correspond well with the
results of earlier investigations (Hafsten 1985; 1991;
1992; Mattsson 2001:13-17). Pollen of the QM trees
Quercus, Ulmus and Tilia occurs in low but regular
amounts, as in the previous zone. There are no obvious
signs of human impact in the pollen record. The forest
is still dominated by pine and birch, but spruce stands
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Figure 4. Pollen concentrations/g dry weight for the most common tree taxa in the peat sequence analysed for point 1. The
decrease in pollen concentration at the LPAZ AS 2/3 transition, is a result of comprehensive forest cutting. The evidence of
forest clearance in the lower part of LPAZ AS 3 is interpreted as having been connected with iron production during the

Viking and/or Early Medieval Period.

are evidently increasing. The charcoal layer at depth 49
cm is probably the result of a forest fire.

In LPAZ AS 3, dated to 1000-300 *C years sp
(1000-1625 cal ab, 46.0-27.5 cm), the pollen curves
for Betula in particular, but also for Pinus, have a fluc-
tuating appearance, while Corylus and Quercus de-
crease. Pollen of Ulmus and Tilia disappears com-
pletely at the lower zone boundary. These changes in
forest composition were contemporary with the pres-
ence of several pollen taxa indicative of human impact,
e.g. Plantago lanceolata and Juniperus, interpreted as re-
flecting grazing. Rumex acetosa/acetosella, probably R.
acetosa, and Cyperaceae are characteristic of wet mead-
ows, so that their peaks at a depth of 40 cm may be re-
lated to haymaking. The first pollen grains of cereals
appear at 37.5 cm (Hordeum type) and 30 cm (Secale),
corresponding to 650 and 350 *C years sp (1350 and
1600 cal ap). Human impact is also reflected by an in-
creased proportion of charcoal particles (cf. Fig. 3),
probably as a result of forest clearance.

There is a decrease in tree pollen concentrations at
the lower zone boundary (Fig. 4), possibly caused by
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extensive cutting of the forest for charcoal making in
connection with iron production. This coincides in
time with the date obtained for charcoal from the bot-
tom of the slagheap (975+70 C years sp, correspond-
ing to ap 990-1160). The pollen concentration values
remain low throughout the zone, probably as a conse-
guence of the combination of an artificially open for-
est, a decrease in compaction and a transition to a
poorly humified Sphagnum peat.

In LPAZ AS 4, dated to 300-0 *C years sp (1625-
1950 cal ap, 27.5-0 cm), tree pollen isdominant, asin
the previous zones, in the form of Pinus, Betula and
Picea. The increasing proportions of pollen from the
light-demanding species Juniperus and of charcoal par-
ticles, together with pollen of Chamaenerion, indicate
a relatively open forest. Pollen of Hordeum and Secale
re-appears at 20—15 cm and 10 cm, respectively, dated
to 250-200 and 100 **C years sr (1650-1700 and
1800 cal ap). The finds of Hordeum and Secale pollen
and the distinct increase and maximum in charcoal
particles (Fig. 3) together indicate slash-and-burn
cultivation by Finnish immigrants, which started in
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Figure 5. Specific magnetic susceptibility and SIRM in the
core from point 1. The increase in SIRM in zone 2 repre-
sents a slight increase in soil erosion.

the early-middle 17th century (Broberg 1988). The in-
crease in Pinus in the uppermost sample may reflect re-
forestation of the area during the last 200 years.

Mineral magnetic properties

The concentrations of magnetic particles in the peat
display low values throughout the sequence, indicat-
ing a limited input of minerogenic particles at the
sampling point (Fig. 5). In fact, magnetic susceptibil-
ity shows negative values, varying between -0.2 and 0
mm3/kg. SIRM decreases from c. 0.2 mAm?/kg in the
lower part of zone 1 to almost zero in zone 3. The fluc-
tuating SIRM values in zone 1 are probably the result
of variations in the rates of the peat accumulation.
The general decreasing trend in the input of minero-
genic particles at the sampling point is a consequence
of the accumulation of peat, causing a gradual rise in
the ground surface. There is a minor increase in SIRM
to ¢. 0.15 mAm?/kg in zone 2, which is interpreted as
representing the effects of intensified soil surface ero-
sion bringing minerogenic particles to the sampling
point.

Discussion

Reports differ regarding the chemical composition of
ores used for iron production during the Medieval
period (Wedberg 1984; Bjorkenstam 1990:55-56;
1991; Buchwald 1997:225-253; 1998; Joosten et al.
1998). Different extraction and analytical methods

interpreted as a result of the excavation of ore for iron
production. The volume of red soil mined is estimated to
have been c. 10 m®.

have been used and concentrations have been reported
in terms of Fe, FeO or Fe,O,, making comparisons be-
tween investigations difficult. At Riddarhyttan, south-
ern central Sweden, iron is produced nowadays from a
fine-grained red soil containing 60-73% Fe,O, (Pet-
tersson unpubl.), the extraction method being compa-
rable to that used in the present investigation. Many
iron production sites are situated close to mires and a
common assumption is that bog ore was used as the
source material. As the field inventory did not reveal
the presence of bog iron, we started to search for iron-
rich soils in the immediate vicinity of the slagheap.
Two probable areas were located. The first was located
only 10-20 m west of the slagheap. The slope mor-
phology displays a pronounced terrace towards the
mire, and digging in this material revealed several
lenses of a dark red soil. Initially, these lenses were
thought to have been used as an ore for iron making,
but the idea was rejected because of their low iron con-
tent. The second area was in the discharge area from
the mire, about 100 m south of the slagheap. Here a
fine-grained red soil was found in the slope (Fig. 1E)
which in the light of the above references has a high
enough iron content for iron making. The Fe/Si molar
ratios (5.5-18.8) are extremely high by comparison
with those given by Espelund (1999), and the Mn con-
tent is also high, which could compensate for the low
Si concentration. The till at the border of the mire,
with its low Fe/Si molar ratios, could have been ex-
plored and mixed with the red soil in order to promote
slag formation, and thereby iron production. This sce-
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Figure 7. Human impact during the last c. 3600 calendar years and the immigration of
spruce, as reflected in the pollen diagram (Figs 3 and 4). An erosion phase is de-
tected in the mineral magnetic measurements (Fig. 5). It is assumed that iron produc-
tion was initiated c. 1000 cal AD, as shown by a comprehensive exploitation of the

forests, possibly for charcoal making.

nario could explain the formation of the terrace-like
feature, although it could also have been formed when
the iron makers were searching in vain for bog iron.
The red soil found today may be a remnant of the
spent ore. If so, the depression between points 10 and
11 (Fig. 6) could be a result of ore mining. We assume
that about 10 m? of soil had been excavated. With the
assumption of a mean iron content of 61% Fe,O, (i.e.
43% Fe) and a 50% reduction in volume due to pore
space, rootlets and crystalline water, the content of
solid iron could have been of the order of 10* kg (cf.
Espelund 1999:98-112), based on the assumption
that the pore space of the red soil is comparable to that
of non-compacted clay (C. Svensson 1984; Ledskog &

IIO0

Lundgren 1989:33; Griph & Rodhe 1991:22; Knuts-
son & Morfeldt 1995:34-35). It has been suggested
that 1 m? of slag corresponds to the production of 103
kg of iron (G. Magnusson 1986). Thus the slagheap at
Askagsberg, with a volume of 10-15 m?, corresponds
to an iron production of 104 kg iron. This is in agree-
ment with the amount of iron which could have been
produced from the red soil.

As reflected in the pollen stratigraphy and the pres-
ence of the slagheap, the land area surrounding the
mire must have been used for different purposes at dif-
ferent times (Fig. 7). Pollen of Plantago lanceolata and
Melampyrum was identified at two depths, 150 cm and
95-85 cm, the age of the lower one being estimated as
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¢. 5500 “C years sr (4350 cal Bc), so that it could be
contemporary with scattered finds of lithic material
from the Mesolithic within the parish of Ostmark
(Myrdal-Runebjer 1998:4-19). The latter observation
is accompanied by peaks in Poaceae, charcoal and an
increase in mineral particles and is dated to 3000—
2600 C years sp (1200-800 cal sc). This composi-
tion may reflect the effect of forest grazing in causing
increased erosion (Zone 2, Fig. 5) and is contemporary
with records from Gammeltorpmyra, ¢. 20 km south-
west of Askagsberg (Mattsson 2001:13-17), which
also suggest forest grazing from around 2700 *C years
Bp (900-800 cal Bc) onwards.

The forest composition seems to have remained sta-
ble until the immigration of Picea, dated to c. 1700 **C
years sp (350 cal ap). There are clear indications in the
pollen record of extensive cutting of the forest at
around 1000 cal ap. We believe that this is a result of
the making of the charcoal needed for iron produc-
tion. Charcoal remains included in the slag at
Askagsberg were dated to 975+70 C years sp (990-
1160 cal ap), which falls within the age interval for the
majority of direct iron production sites in northern
Véarmland, 800-1200 cal ap (E. Svensson 1998:79-
101; Myrdal-Runebjer 1998:4-19). The age of the
charcoal remains corresponds well with the estimated
age in the time-depth model, indicating that iron pro-
duction at Askagsberg started ¢.1000 cal ap. It is not
possible to date the end of charcoal production from
the pollen stratigraphy, however. It might be assumed
that the tree pollen concentration would increase as a
result of the closing of the forest after the iron produc-
tion period, but this presumes that there were no other
human activities to keep the forest open. Our invest-
igation indicates that the forest continued to be open,
possibly as a result of forest grazing (Fig 3b).

The first indications of cultivation in the vicinity
are dated to roughly 1350 cal ap (cf. Mattsson
2001:13-17). In a pollen investigation at the low-ly-
ing bog of Onneby c. 30 km south-east of the sampling
siteand 1 km east of Torsby (cf. Fig. 1A), the first culti-
vation identified is dated to 103055 *4C years sp (C.
950-1040 cal ap; Wallin 1996), it is c. 350 calendar
years older. Furthermore, there are areas with clearance
cairns dated to the Late Iron Age at the latest along the
shores of Lake Fryken, south of Torsby (Myrdal-
Runebjer & Nilsson 1998). The younger date for the
introduction of cultivation in Askagsberg is thus rea-
sonable. The expansion of cultivation at the bog of
Onneby started in the early 15th century, with Hor-
deum as the main cereal. The first pollen of Hordeum
appears in the peat of Askagsberg in the 18th century,

and the expansion of cultivation there started after ap
1600, with colonisation by Finnish forest swidden cul-
tivators, as indicated here by the finds of Secale pollen.
It is uncertain whether or not the cereal pollen found
emanated from the immediate surroundings of the
site, as it could have been transported by the wind
from settlements situated further away from the mire.
There are remnants of eight crofters’ holdings within a
radius of two km of the mire which were abandoned
around ap 1900, and the finds of Secale pollen at a
depth of 10 cm might have come from these. The
agrarian period with its small-scale settlements came
to an end during the last 50-100 years and the forest
gained a new role as a raw material producer, causing
re-forestation, especially with pine.

The entire iron production process, from cutting of
the forest for charcoal burning to extraction of the ore,
may thus have been carried out within a radius of 500
m of the furnace site. As no contemporary settlement
sites have been identified in the vicinity, we may thus
consider this an example of a seasonal production site
that was in use during a period when cultivation and
cattle rearing was expanding in the neighbouring for-
est areas.

Conclusions

* An iron-rich red soil was identified c. 100 m south of
the slagheap at Askagsberg. The soil contained 54 to
68% Fe,0O, and had a Fe/Si molar ratio between 5.5
and 18.8. This relatively high ratio probably made it
necessary to mix the material with soil that was rich in
silica in order to improve the ore quality.

* Approximately 10 m? of soil had been mined, indic-
ating that a maximum of c. 10* kg iron could have
been produced.

 The pollen record indicates weak traces of human
impact, possibly as early as the Mesolithic and/or Neo-
lithic. Forest grazing is interpreted as having occurred
¢. 1200-800 cal sc and from ¢. 1000 cal Ap onwards.
Clear-cutting of the forest for charcoal making in con-
nection with iron production also started around
1000 cal ap.

Acknowledgements

We thank Bertil Ringberg, Urve Miller, Ann-Marie
Robertsson and Per Westman, Department of Physical
Geography and Quaternary Geology, Stockholm Uni-
versity, for constructive criticism of earlier versions of

IIT



PETTERSSON, KARLSSON, RISBERG & MYRDAL-RUNEBJER

the manuscript. Birgitta Bostrom, Department of Ge-
ology and Geochemistry, Stockholm University, as-
sisted with the ICP measurements in the laboratory.
Gun Pettersson was introduced to the measurement of
mineral magnetic parameters by Per Sandgren, De-
partment of Quaternary Geology, Lund University.
Per Westman and Torbjorn Mattsson assisted in the
field, and the pollen samples were prepared by Ann
Karlsson, Department of Physical Geography and
Quaternary Geology, Stockholm University .

The investigation was supported financially by the
Swedish Society for Anthropology and Geography
(SSAG). The archaeological fieldwork was financed by
the County Board of Forestry in Varmland-Orebro,
the local employment exchange, Torsby municipality
and the EU Objective 6 Fund, within the scientific
framework of a co-operation agreement between the
Central Board of National Antiquities and the Depart-
ment of Archaeology at Gothenburg University. The
radiocarbon dating of iron production was financed
by the Swedish Council for Research in the Humani-
ties and Social Sciences and the pollen analysis by the
EU Interreg Il fund within the framework of a joint
Swedish/Norwegian project.

English language revision by Malcolm Hicks.

References

Akerlund, A., Risberg, J., Miller, U. & Gustafsson, P. 1995. On
the applicability of the *C method to interdisciplinary studies
on shore displacement and settlement location. Journal of the
European Network of Scientific and Technical Cooperation for the
Cultural Heritage (PACT) 49, pp. 53-84.

Almquist-Jacobson, H. 1994. Interaction of Holocene climate, water
balance, vegetation, fire, and cultural land-use in the Swedish Bor-
derland. LUNDQUA Thesis 30, Lund University, Department
of Quaternary Geology. Lund.

Augustsson, J-E. 1985. ... och i Halland. Popular Arkeologi, Arg 3
Nr 2, p. 32.

Behre, K.-E. 1981. The interpretation of anthropogenic indicators
in pollen diagrams. Pollen et Spores 23, pp. 225-245.

Berglund, B. E. & Ralska-Jasiewiczowa, M. 1986. Pollen analyses
and pollen diagrams. In B. E. Berglund (ed.): Handbook of Holo-
cene Palaeoecology and palaeohydrology, pp. 455—-484. Chichester.

Bjorkenstam, N. 1990. Vésteuropeisk jarnframstélining under
medeltiden. Stockholm Archaeological Reports nr 25/ Jern-
kontorets Bergshistoriska skriftserie nr 26. Stockholm.

Bjorkenstam, N. 1991. Det forhistoriska jarnets metallurgi,
Forntida teknik 1/91, pp. 27-40. Institutet for Forntida Teknik,
Sveg.

Bradshaw, B. E. & Hannon, G. 1992. Climatic change, human
influence and disturbance regime in the control of vegetation
dynamics within Fiby forest, Sweden. Journal of Ecology 80, pp.
625-632.

Broberg, R. 1988. Finsk invandring till mellersta Sverige, 171 pp.
Skrifter utgivnaav Foreningen for Varmlandslitteratur 7. Karlstad.

Buchwald, V. F. 1997. Grundrids af jernets historie indtil ar 1900.
Dansk Metallurgisk Selskabs Arshog 1997.

112

Buchwald, V. F. 1998. Myremalm, Geologisk Tidsskrift, hafte 1, pp.
1-32. Dansk Geologisk Forenings Nyheds- og Informations-
skrift, Kgbenhavn.

Burman, J.-O., Bostrdm, B. & Bostrom, K., 1977: Geochemical
analyses by plasma spectroscopy. Geologiska Féreningen i Stock-
holms Férhandlingar 99, pp. 102-110.

Erdtman, G. 1936. New methods in pollen analyses. Nordiskt
Botanisk Tidsskrift 30, pp. 154-164.

Espelund, A. 1999. Bondejern i Norge. Arketype forlag, Trondheim.

Faegri, K. & Iversen, J. 1989. Textbook of pollen analyses, 4th edition.
(Revised by K. Faegri, P. E. Kaland & K. Krzywinski). Chichester.

Gaillard, M-J. & Berglund., B. E. 1988. Land-use history during the
last 2700 years in the area of Bjdresjo, southern Sweden. In H. H.
Birks, H. J. B. Birks, P E. Kaland & D. Moe (eds): The cultural
landscape. Past, present and future, pp. 409-428. Cambridge.

Grimm, E. C. 1987. CONISS: a fortran 77 program for strati-
graphically constrained cluster analysis by the method of in-
cremental sum of squares. Computers and Geoscience 13/1, pp.
13-35.

Grimm, E. C. 1992. Tilia and Tiliagraph: Pollen spreadsheet and
graphic programs. Programs and Abstracts, 8th International
Palynological Congress, Aix-en-Provence, September 6-12,
1992, p. 56.

Griph, H. & Rodhe, A. 1991. Vattnets vég fran regn till béck.
Uppsala.

Hafsten, U. 1985. The immigration and spread of spruce forest in
Norway traced by biostratigraphical studies and radiocarbon
datings. A preliminary report. Norsk Geografisk Tidskrift 39, pp.
99-108.

Hafsten, U. 1991. Granskogens historie i Norge under opprulling.
Blyttia 49, pp. 171-181.

Hafsten, U. 1992. The immigration and spread of Norway spruce
(Picea abies (L.) Karst.) in Norway. Norsk Geografisk Tidskrift 46,
pp. 121-158.

Hammar, T. 1999. The prehistoric environment of Fornsigtuna, 47
pp. Antikvariskt arkiv 80. Kungliga Vitterhets Historie och
Antikvitets Akademien. Stockholm.

Hjértner-Holdar, E. 1993. Jdrnets och jdrnmetallurgins intro-
duktion i Sverige. Aun 16. Societas Archaeologica Upsaliensis.
Uppsala.

Joosten, 1., Jansen, J. B. H. & Kars, H. 1998. Geochemistry and
the past: estimation of the output of a Germanic iron produc-
tion site in the Netherlands. Journal of Geochemical Exploration
62, pp. 129-137.

Jowsey, P. C. 1966. An improved peat sampler. New Phytologist 65,
pp. 245-248.

Karlsson, S. 2000. Kan medeltida jarnhantering i norra Skane
sparas med hjalp av pollenanalys? In A. Odman (ed.): Jarn.
Wittsjdskogkonferensen 1999. Norra Skanes medeltid 1. Report
Series 75, pp. 125-146. University of Lund. Institute of Archae-
ology.

Karlsson, S. & Robertsson, A.-M. 2001. Pollenanalytisk
undersokning av lagerfoljd fran Persa hala, Vittsjo, norra Skane.
In A. Odman (ed.): Vittsjo, en socken i dansk jarnbruksbygd.
Norra Skanes medeltid 2. Report Series 76, pp. 119-129. Uni-
versity of Lund, Institute of Archaeology.

Knutsson, G. & Morfeldt, C. O. 1995. Grundvatten teori &
tillampning. AB Svensk Byggtjanst, Stockholm.

Konigsson, L.-K. & Qvarfort, U. 1988. Den forhistoriska jarnfram-
stallningen p& Asamon i Tabergs Bergslag. Tabergs Bergslag XV, pp.
49-69. Tabergs Bergslags Hembygdsforening, Jonkopings lan.

Lageras, P. & Sandgren, P. 1994. The use of mineral magnetic ana-
lyses in identifying middle and late Holocene agriculture — a
study of peat profiles in Smaland, southern Sweden. Journal of
Archeological Science 21, pp. 687-697.

Ledskog, L. & Lundgren, T. 1989. Olje- och kemikalieutsl&pp i jord.
Information 9. Statens Geotekniska Institut, Linkoping.



SOIL CHEMISTRY AND VEGETATION HISTORY AT THE ASKAGSBERG IRON PRODUCTION SITE

Lundqvist, J. 1956. Jordartskarta ver Varmlands Ian. Sveriges Geo-
logiska Undersokning Ca 38. Stockholm.

Lundquist, J. 1958. Beskrivning till jordartskarta ver Varmlands
1&n. Sveriges Geologiska Undersdkning Ca 38. Stockholm.

Magnusson, G. 1986. Lagteknisk jarnhantering i Jamtlands lan.
Jernkontorets Bergshistoriska Skriftserie N:r 22. Stockholm.

Magnusson, G. 1992. Jarn. In E. Roesdahl (ed.): Viking og hvide-
krist, Norden och Europa 800-120, pp. 428. Nordiskt Minister-
rad, Képenhamn.

Magnusson, N. H., Thorslund, P, Brotzen, F., Asklund, B. & Kul-
ling, O. 1962. Beskrivning till Sveriges berggrund. Sveriges Geo-
logiska Undersdkning Ba 16. Stockholm.

Mattsson, T. 2001. Vegetationshistoria vid Gammeltorpmyra, Hed-
mark Fylke, syddstra Norge, med tyngdpunkt pa antropogen pa-
verkan. QUATERNARIA Ser. B, Nr. 23. Department of Physi-
cal Geography and Quaternary Geology, Stockholm University.

Melkerud, P-A., Olsson, M. T. & Rosén, K. 1992. Geochemical at-
las of Swedish forest soil. Reports in Forest Ecology and Forest
soils. Report 65. Department of Forest Soils, Swedish Univer-
sity of Agricultural Sciences. Uppsala.

Moore, P. D., Webb, J. A. & Collinson, M. E. 1991. Pollen ana-
lyses. Second edition. Blackwell Scientific Publications, Oxford.

Myrdal-Runebjer, E. 1998. Datering av jarnframstéliningsplatser i
Lekvattnets och Ostmarks socknar, Torsby Kommun, Varmlands
I&n. Skog & Historia 98. Kulturminnesinventering i Varmland.
Skogsvardsstyrelsen. Unpublished report.

Myrdal-Runebjer, E. & Nilsson, S. 1998. Réjningsriseomraden i
Fryksdalen — datering och resursutnyttjande. En arkeologisk och
kulturgeografisk studie. Arbetsrapport 98:7. Hogskolan i Karl-
stad.

Olsson, I. U. 1986. A study of errors in *“C dates of peat and sedi-
ment. Radiocarbon 28, 2A, pp. 429-435.

Olsson, I. U. 1991. Accuracy and precision in sediment chrono-
logy. Hydrobiologia 214, pp. 25-34.

Patterson 11, W. A., Edwards, K. J. & Maguire, D. J. 1987. Micro-
scopic charcoal as a fossil indicator of fire. Quaternary Science
Reviews 6, pp. 3-23.

Pettersson, G. 1998. Markkemiska férutsattningar for medeltida jarn-

framstallning i Vittsjsomradet, norra Skane. QUATERNARIA Ser.
B, Nr. 12. Department of Quaternary Research. Stockholm Uni-
Versity.

Possnert, G. 1990. Radiocarbon dating with the accelerator tech-
nique. Norwegian Archaeological Review 23, pp. 30-37.

Renberg, 1., Korsman, T. & Birks, H. J. B. 1993. Prehistoric in-
creases in the pH of acid-sensitive Swedish lakes caused by land-
use changes. Nature 362, pp. 824-826.

Serning, 1. 1984. The dawn of Swedish iron metallurgy. Bulletin of
the Metals Museum 9, pp. 3-19.

Solem, T. 1991. Effects of early iron production on vegetation, a
study by means of pollen analyses. In A. Espelund (ed.):
Bloomery iron making during 2000 years, pp. 50-66. Budal-
seminaret, Trondheim.

Stockmarr, J. 1971. Tablets with spores used in absolute pollen
analyses. Pollen et Spores X111, 4, pp. 615-621.

Stuiver, M., Reimer, P. J., Bard, E., Beck, J. W., Burr, G. S,
Hughen, K. A., Kromer, B., McCormac, G., van der Plicht, J.
and Spurk, M. 1998. Intcal98 radiocarbon age calibration,
24,000-0 cal sr. Radiocarbon 40 (3), pp. 1041-1083.

Svensson, C. 1984. Geohydrologi. In S. Avén (ed.): Handboken
Bygg, Geoteknik, pp. 43-82. Stockholm.

Svensson, E. 1998. Manniskor i utmark. Lund Studies in Medieval
Archaeology 21. Lund University, Department of Archaeology.

Tolonen, K. 1986. Charred particle analyses. In B. E. Berglund
(ed.): Handbook of Holocene Palaeoecology and palaeohydrology,
pp. 485-496. Chichester.

Wallin, J.-E. 1996. Naturresurser och odlingen i norra Varmland
under sen Vikingatid och tidig Medeltid. Resultat av pollen-
analys. In P. Gunnarsson (ed.): Slutundersokning vid Stensgérd,
Fryksande socken, Torsby kommun. Internrapport 1996:6. Varm-
lands Museum, Arkeologiska uppdragsverksamheten.

Wedberg, V. 1984. Hér gjordes aldsta jarnet. Popular arkeologi, Arg
2, Nr 1, pp. 10-13.

Wedberg, V. 1987. Radjord och Jarn. Department of Archaeology,
Stockholm University. Unpublished report.

Zackrisson, O. 1977. Influence of forest fire on the north Swedish
boreal forest. Oikos 29, pp. 22-32.

113



