DANISH JOURNAL OF ARCHAEOLOGY 2021, VOL 10, 1-18, https://doi.org/10.7146/dja.v10i0.121918

Turfs and Timbers — Resource use in the construction of the Viking Age
Ring Fortress Borgring, Southeast Denmark

Morten Fischer Mortensen'®, Claudia Baittinger!, Jonas Christensen?, Anne Birgitte Nielsen?, Sgren Niel-
sen*, Anders Pihl%, Lisbeth Prgsch-Danielsen®, Morten Ravn*, Saren Michael Sindbaek” and Jens Ulriksen?

" Environmental Archaeology and Materials Science, The National Museum of Denmark, |. C. Modewegsvej, 2800 Kgs. Lyngby, Den-

mark

2 Museum Southeast Denmark, Algade 97, 4760 Vordingborg, Denmark

3 Department of Geology, Lund University, Sélvegatan 12, 223 62 Lund, Sweden

4 Viking Ship Museum in Roskilde, Vindeboder 12, 4000 Roskilde, Denmark

5 Ancient Cultures of Denmark and the Mediterranean, The National Museum of Denmark, Frederiksholms Kanal 12, 1220 Kgben-

havn K, Denmark

8 Museum of Archaeology/University of Stavanger, 4036 Stavanger, Norway
" Department of Archaeology and Cultural Heritage, School of Culture and Society, Aarhus University, Moesgaard Allé 20, 8270 Hgj-

bjerg, Denmark

8 Corresponding author (morten.fischer.mortensen@natmus.dk) ORCID 0000-0002-4167-8227

ABSTRACT

Viking Age ring fortresses were some of the largest construction projects in Danish prehis-
tory. In this article we reconstruct the amount of turf and timber used in the construction of
the Borgring ring fortress and estimate the resource area needed to supply the building ma-
terials. Using REVEALS pollen data modelling we quantify the regional oak land cover and
estimate the resource area. The results show that even though Borgring was built in an open
cultural landscape, sufficient supply of oak for the construction would have been accessible

within a few kilometres of the fortress.

Introduction

The Danish ring fortresses, with their unique and
precise geometric form, are distinctive monuments
of Viking Age architecture (Figure 1 and 2A) and
testify to the establishment of a central power
structure that expressed its supra-regional domin-
ion through large-scale monuments (Roesdahl
and Sindbzk 2014, 460; Ulriksen, Schultz and
Mortensen 2020). The construction of five Danish
ring fortresses, as well as the Jelling complex, marks
out Harald Bluetooth’s reign and dates to the time
between the end of the AD 950s and the beginning
of the AD 980s (Holst et al. 2012, 494).

The ring fortresses were unusually large con-
structions for the time in Scandinavia and involved
a great concentration of resources of manpower
and building materials. Accordingly, it has been
argued that they must have made a severe impact
on the natural landscape (Jessen 1948, 175-178).
Large amounts of earth and turf were needed for
the ramparts, and adequate resources of timber
were especially necessary for the timber-clad cir-
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cular rampart and the wooden streets and houses.
It is therefore important to determine whether
the relatively open cultural landscape of the time
could supply the amount of timber required, or
whether it was necessary to import timber from
other regions.

Reconstructing the resource use involves many
factors that cannot be fully resolved such as timber
quality, the range of tree taxa available, the possible
import of timber, proximity to woodlands, and the
intensity of woodland management. Previous cal-
culations for Trelleborg, Aggersborg, Fyrkat, the
fort at Trelleborg in Skine, Sweden, and the Jelling
complex have attempted to estimate the amount
of timber required and the hectares of woodland
needed to supply it (Arén 1995, 99; Jessen 1948,
173-179; Jessen et al. 2014, 15-17; Schmidt 1985,
50; Sindbxk 2014, 181-183).

The partial reconstruction of ring fortresses can
aid the calculation of how much timber was re-
quired. Around 215m? of oak (Quercus sp.) was
used in the reconstruction of one of the 16 long-
houses originally built at Fyrkat, which equates to
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Figure 1. A) Denmark with the five known ring fortresses from the Viking Age, 1) Aggersborg, 2) Fyrkat, 3) Nonnebakken,
4) Trelleborg, 5) Borgring, as well as 6) Trelleborg in Sweden 7) Lake Dalby Sg, 8) Jelling and 9) Ravning Enge. B) Lake
Dalby Sg is situated 7.5km west of Borgring on the boundary between the forest-poor eastern Zealand and the hillier,
forest-rich areas of central Zealand. Krageskov is situated 1.5 km south of Borgring (includes data from Agency for Data
Supply and Efficiency, Terrain 10m, December 2019 and Areal Information System lakes and watercourses).

around 135 fully grown (120-200 years) oak trees
(Schmidt 1985, 50). A similar house reconstruc-
tion at Trelleborg, Zealand used 123 oak trees of
differing sizes (Jessen 1948, 176). The amount
of timber required for ramparts is more difficult
to estimate. The ramparts at Trelleborg formed
a massive construction, with timber cladding on
both the internal and external faces, in addition
to anchoring constructions in the earth fill. It is
suggested that 3840 oaks were used for the ram-
part and internal roads while 8155 oak trees were
used for the complete structure (Jessen 1948, 176).
Other fortresses — for example, Aggersborg —had a
more limited use of wood, and it is suggested that
the construction here could have been built using
perhaps only 340 large oak trees (Sindbzk 2014,
181). In the building of smaller ring fortresses,
such as the earliest phase of ramparts at Trelleborg
in Skane, it is suggested that 437 trees were used
(Arén 1995, 99).

These earlier studies have been limited to es-
timates of timber used and of the required hec-
tare of woodland. When these studies were carried

out, it was not possible to estimate the proportion
of oak that was available in the hinterland and the
area needed to supply the required timber. With
the development of quantitative models for the
interpretation of pollen data, such as REVEALS
(Regional Vegetation Estimates at Large Sites)
(Sugita 2007), it is now possible to estimate the
areal coverage of the most common plant taxa and
the vegetation types from pollen data, by taking
into account the differences between plant species
in pollen productivity and pollen dispersal proper-
ties. By applying this model, we can get an estimate
of the average regional vegetation composition in
an area, such as that in the Borgring hinterland.
By combining the vegetation cover estimates with
the estimates of timber required, a more precise
quantification of the woodland resource areas
needed to build monumental construction works
is possible. Here we apply the results from the ar-
chaeological investigations at Borgring, Zealand,
concerning the component parts of the rampart
and gateways and the pollen data from a nearby
lake, Dalby Se (Figure 1), to specific questions re-
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Figure 2. A) The excavation trenches (red line) and assumed shape and size of the circular ramparts at the Borgring
fortress (light grey), dark grey represent structures within the excavated areas; B) Cross section showing the excavated
height and angle of the rampart (lllustration: Jonas Christensen), assumed height and angle (dotted line), inside to the
left, outside to the right; C) Cross section of the rampart showing the building turfs (Photo: Morten Fischer Mortensen).

garding resource use and the regional vegetation
composition. Firstly, how much turf and timber
were used in the construction of the ramparts,
secondly, how large a resource area was needed to
support this and thirdly, were there sufficient re-
sources available for this in the local area, and if
so, where were they located?

Any estimation of resource use is necessarily
based on a number of assumptions, as no ring
fortresses are sufficiently preserved to determine
their precise manner of construction. These as-
sumptions include the ramparts’ original height,
which tree taxa were used, construction details
and whether the building was completed. Pollen
based vegetation models such as REVEALS also
include a number of assumptions, including con-
stant and known relative pollen productivities for
each plant species, predominantly wind dispersed
pollen etc. (Sugita 2007). Our reconstruction at-
tempts an approximate and balanced estimate of
resource use and resource area, as well as a basis
for the discussion of whether the import of tim-
ber was a prerequisite in the construction of ring
fortresses.

The Site

Borgring is situated close to the town of Kege,
around 30km southwest of Copenhagen (Fig-
ure 1). The ramparts were first identified in 1971,
but they were only definitively recognised as parts
of the iconic Viking Age ring fortresses by the use
of high resolution LiDAR, geophysical surveys,
and a small-scale test excavation in 2013 and 2014
(Goodchild, Holm and Sindbzk 2017). Selected
parts of the ring fortress were the subject of large-
scale investigations between 2016 and 2018, along
with areas of the hinterland (Christensen et al.
2018; see also contributions in this volume).

Borgring lies on the northern bank of the Koge
River valley, around 4km from the coast. The
small stream was not navigable by vessels larger
than a dinghy during the Viking Age (Jessen et al.
2021, 8) and the ring fortress is situated on a raised
area adjacent to areas of wetland. As the ring fort-
ress had an external diameter of 144.5m, it was
necessary to add more than 1900 m® of sediment,
which was up to 1.5 m thick in some areas, to give
the ramparts a solid foundation.
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Trial trenching of more than 40 ha of arable land
around the ring fortress did not find evidence of
other Viking Age buildings. The closest Viking
Age settlement evidence was seen on the southern
bank of the stream at Lellinge, where Baltic Ware
pottery dating to the end of the Viking Period was
found in a rubbish pit. A sunken lane is associated
with a ford crossing Koge stream close to the ring
fortress (Ulriksen, Schultz and Mortensen 2020,
figure 5 and 6).

Pollen data from a 13 ha lake, Dalby Se, situ-
ated 7.5km west of Borgring was used for the re-
gional reconstruction of vegetation in this study
(Odgaard 2010, 57; Mortensen et al. in prep.).
The lake is located at the transition between the
flat basal moraine landscape towards the coast and
the more hummocky dead ice landscape of cen-
tral Zealand (Figure 1A-B). The flat eastern Zea-
land landscape is some of the best agricultural land
found in Denmark and at present it is almost en-
tirely cultivated and with very limited woodland
coverage (Smed 2016, 198).

Methods
The circular Rampart

Information concerning the size and construc-
tion details of the rampart is obtained by the use
of high-resolution LiDAR, geophysical surveys
together with observations gained during the ex-
cavation campaigns between 2016 and 2018. The
methods are described in detail in Goodchild,
Holm and Sindbzk (2017), Christensen et al.
(2018) and contributions in the present volume.

Pollen analysis of the Rampart Turfs

Turfs, used in the building of the circular rampart,
with well-defined growing surfaces (Figure 2B-C),
were sampled for pollen analysis during the excava-
tion. A total of 40 samples (20 from the west gate,
9 from the south gate, 10 from the east gate and
1 from the north gate) were examined and 16 of
these contained sufficiently well-preserved pollen
for analysis (raw data presented in supplementa-
ry A). Pollen preparation followed standard pro-

cedures, including KOH, HCI, HE and acetolysis
(Fagri and Iversen 1989, 77-81). No exotic marker
was added. The residues were mounted in silicone
oil. Whole slides were analysed to avoid effects of
unequal distribution of pollen under the cover slip.
Beug (2004) was consulted for general pollen iden-
tification, supplemented by the reference collec-
tion at the National Museum of Denmark. Due to
low pollen concentrations and generally poor pol-
len preservation only between 148 and 277 pollen
grains were identified in each sample, with a total
pollen sum of over 3000.

All terrestrial pollen were included in the pollen
sum.

Wood identification, Timbers and the re-
construction of the Ring Fortress

Charcoal was continuously sampled during the
excavation with a special emphasis on that of tim-
bers from the western, northern and eastern gates
which were burnt during the Viking Age. A total
of 64 charcoal samples were taken, representing
58 pieces of timber (11 from the western, 14 from
the northern and 33 from the eastern gates). One
sample of uncharred and highly degraded wood
was taken from a post from the southern gate
(Table 1) (Baittinger 2018; Daly 2017). Wood and
charcoal fragments were analysed with the help of
a simple stereo microscope, a light microscope
and a high resolution fluorescence microscope.
Schweingruber (1990) was consulted for general
wood identification.

REVEALS and local Resource Areas

Pollen data from Dalby Se (Mortensen et al. in
prep.; Odgaard 2010, 57) is used to calculate the
area needed to supply the Borgring fortress with
building materials. This study focuses on the pe-
riod from AD 500 to AD 1500, where the pollen
data has a sample time resolution of ¢.45 years be-
tween the samples. We especially consider the pe-
riod around AD 985 and the estimated vegetation
cover of oak (Quercus sp.). The terrestrial pollen
sum ranges from 538-1363 grains per sample. The
pollen was better preserved than in the rampart
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Table 1. Wood identification of 59 wood and charcoal frag-
ments from the gates at the Borgring fortress.

turfs, so the maximum proportion of unidentified
grains was 1.4 % in one sample, and in most sam-
ples, there were no unidentified pollen. The RE-
VEALS model corrects for the differences in pollen
productivity and pollen dispersal between species
in order to estimate regional vegetation composi-
tion from pollen assemblages from large lakes or
mires (Sugita 2007). For a lake >50 ha, the spatial
scale represented is approximately a 25-50km ra-
dius (Hellman et al. 2008), but as Dalby Se with
its 13 ha is somewhat smaller, the reconstruction
will reflect a smaller area, and local vegetation near
the lake may be overrepresented to some degree
relative to vegetation further away. However, as
Dalby Se is located only 7.5km away from Bor-
gring, the reconstruction should be representative
for the relevant area. We applied a set of pollen
productivity estimates from Southern Sweden and
Denmark (Brostrom, Sugita and Gaillard 2004;
Nielsen 2004; Sugita, Gaillard and Brostréom
1999; summarised by Fredh 2012). REVEALS
calculations were carried out using the software
REVEALS v4.5 (Sugita, unpublished) applying
the lake model (Sugita, 1993) with default settings
(average windspeed 3 m/s and neutral atmospheric
conditions). The pollen types included in the RE-
VEALS analysis made up 89-97 % of the terrestrial
pollen sum.

Results
The circular Rampart

The grass turf and soil rampart of Borgring was
10.6m wide, as calculated based on the geophys-
ical survey and field observations (Figures 2 and 3,
Table 2). In some areas a clear radial structure was
observed in the geophysical survey which, when ex-
cavated in the southwest part of the rampart, was
seen to be due to a regular pattern of shifting dark

Figure 3. Sectioning of the rampart seen in A) A fluxgate
geometry map (Helen Goodchild); B) Southeastern part of
the rampart seen from the outside and in (Photo: Museum
Southeast Denmark).

Northern gate
Oak Quercus sp. 8
Elm Ulmus sp. 6
Eastern gate
Oak Quercus sp. 18
Elm Ulmus sp. 12
Ash Fraxinus excelsior 1
Alder Alnus sp. 1
Fruit tree ~ Spiracoideae 1
Southern gate
Oak Quercus sp. 1
Western gate
Oak Quercus sp. 8
Elm Ulmus sp. 3

and light turfs and soil (Figure 3B). Traces of tim-
ber cladding with shallow foundations were seen
along parts of the outer margin of the rampart but
no traces of timber were observed on the inner mar-
gin. Although evidence for timber structures hold-

ing the turfs in place in the inner margin have been




6 Morten Fischer Mortensen et al.

found at, for example, Aggersborg and Fyrkat, no
trace of such structures was observed at Borgring.
The rampart of Borgring is partly preserved, but
severely eroded, with the highest section only 1.1 m
high. Here, it was possible to establish the surface
of the rampart declining towards the inside of the
fortress at an angle of ¢.20°. In the same section,
the outside front of the rampart inclined ¢.70° to-
wards the eroded top (Figure 2B). We propose that
the upper part of the rampart had a levelled sur-
face along the covering palisade on top for ease of
movement. Based on the preserved surfaces of the
rampart and the assumed height of the gateways, it
is estimated that here the rampart was ¢.3 m high
with a 1.5m wide plateau, giving a total volume
of the ramparts of 6567 m’ excluding the gates
(Table 2). Although it cannot be ruled out that the
plateau was wider or narrower, nor that the col-
lapse of the rampart altered its original form. How-
ever, an increase of the plateau dimensions by 1.0
or 2.0 meters gives a volume increase of 1.6 % and
3.5 % respectively, and therefore would not affect

Rampart
Outer diameter (m) 144.4
Inner diameter (m) 123.2
Circumference (m) 453.65
Rampart width (m) 10.6
Gate width (m) 4.6
Northern gate (m) 4.3-47
Eastern gate (m) 4.35-4.8
Southern gate (m) 4.2-43
Western gate (m) 4.4-5.1
Palisade
Palisade length (m) 435.25
Palisade observed (m) 49.2
Palisade ditch measured (m) 21.5
Palisade post recorded 77
Palisade post average size (m) 0.39x0.114
Turf
Rampart area (m?) 4261
Volume (m?) 6567
Rampart height (m) 3
Turf height (cm) 10
Area turf (ha) 6.57

Table 2. Rampart dimensions and the resulting turf source
area needed for building the rampart at the Borgring fort-
ress.

the calculation of the total quantity of turfs used in
the construction considerably.

The majority of the turfs used were between
70 and 130 mm thick when recorded during exca-
vation (Figure 2C); for the calculation of the har-
vested area, an average turf thickness of 100 mm
over an area of ¢.65,670m? or 6.57 ha was used.
Calculations using 70 mm and 130 mm thick turfs
gives areas of 50,515 m” and 93,814 m” respective-
ly. However, as parts of the rampart consisted of
loose soil infilling among the turfs, this area is
most likely an overestimation. A possible source
area for harvesting turfs is shown in Figure 4 and is
the nearest dryland area from Borgring where the
turfs could be harvested.

Pollen analysis of the Rampart Turfs

The pollen analysis showed great uniformity be-
tween the samples, indicating that they were har-
vested from the same vegetation type (Figure 5 and
Supplementary A). There was, however, a slight ten-
dency for the turfs from the rampart to the west to
have more pollen of trees and sedges (Cyperaceae)

along with some ferns (Dryopteris sp.) than the turfs
from the rampart to the south, which had slightly
more herbs. This could be due to minor differences

Figure 4. The total area and possible source area of grass-
land needed to collect turfs for the circular rampart to a
height of 3 m at the Borgring fortress (includes data from
Agency for Data Supply and Efficiency and Heje Maale-
bordsblade, December 2019).
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Figure 5. Pollen records from analysed turfs from the eastern, southern, and western ramparts at the Borgring fortress.

in the local vegetation caused by variations in soil
type, moisture content and grazing pressure. Some
of the samples contain a high amount of unidenti-
fied pollen (up to 20%), which potentially could
alter the general picture of the open land condition.
However, many of the most common tree pollen
types can be determined even in a relatively degrad-
ed state. The majority of the unknown pollen types
are believed to belong to non-arboreal types.

On the whole, the pollen samples, with their
high content of grasses and grazing indicators such
as common sorrel (Rumex acetosa-type) and ribwort
plantain (Plantago lanceolata), indicate that the turfs
were harvested from a mostly treeless, dry agrarian
landscape with persistent grazing (Figure 5).

Wood identification, Timbers and the re-
construction of the Ring Fortress

Five different tree taxa were found amongst the 59
analysed fragments of wood and charcoal sampled
from the construction timbers of the gates that
were burnt down during the Viking Age (Baittinger
2018). Oak (Quercus sp.) is dominant with 59 %,
followed by elm (Ulmus sp.) with 34 %, along with
some ash (Fraxinus excelsior), alder (Alnus sp.), and
fruit trees (Spiracoidea, including taxa like Prunus

Figure 6. A) Burnt timbers and post of elm (Ulmus sp.) from
the eastern gate at the Borgring fortress (Photo: Claudia
Baittinger); B) Carbonised elm (Ulmus sp.) tree from the
eastern gate (Photo: Claudia Baittinger); C) Palisade post
traces (horizontal profile) (Photo: Museum Southeast Den-
mark).

and Sorbus), each with 2.3 % (Figure 6A-B; Tablel).
No timber is preserved from the rampart cladding,
but the faint traces on the outer margin show that
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both split planks and posts were used (Figure 6C).
Most of the timbers were of relatively modest sizes
ie. 16-25cm wide and 14-16cm thick and even
young trees were used. These thinner pieces, to-
gether with alder and fruit trees, were used where
the builders could be less fastidious.

It was possible to estimate both the total amount
of timber used and the size of timbers on the basis
of these traces and the burnt construction timbers,
along with the observed postholes. Due to the frag-
mented tree taxa data, the calculation of the total
amount of timber used is based solely upon oak,
as this was the preferred building material. The
reconstruction may overestimate the required re-
source area if large numbers of other tree taxa have
been used in the construction.

The observations of 26 plank and post traces
associated with the timber cladding on the out-
er margin of the rampart suggest a plank size of
¢.0.29m wide and 0.11m thick, with an average
gap of 0.13m between the planks. The planks for
the cladding were placed in a trench dug along the
outer foot of the rampart. The trench was, how-
ever, seldom deeper than the topsoil, suggesting
that some sort of horizontal plank structure fixed
the vertical planks in place. Furthermore, since the
planks may have been tapered before being placed
in the trench, the spacing between the planks is
likely to have been less than 0.13 m above the sur-

face of the ground. Therefore, in our reconstruc-
tion of Borgring, we have set the spacing between
the above-ground planks to 0.03m. The vertical
and the horizontal planks were approximately the
same size, which would ensure stability in a struc-
ture with gaps of around 0.1 m between the timber
posts. In order to secure the plank cladding of the
rampart, at least four rows of these ‘barrel hoop’
type fixtures (stringers) would have been needed.
These stringers were secured to the planks along
the rampart frontage and must have been placed
on the inner side of the cladding so that they could
not be used by attackers as steps from the outside.
The fixing of the vertical planks on the rampart
frontage with the stringers was probably done by
driving large wood pegs through both planks and
into the rampart turfs (Figure 7). This technique
was used to fix timber cladding at the Kanhave
Canal on the island of Samse dating to AD 726
(Christensen 1995, 99-117). The Borgring gates
were built with heavy-duty corner posts with a
post-built wall along openings in the rampart. It
is assumed that this was fixed in place with a wall
plate supported by transverse tie beams. The Borg-
ring construction is, in principle, a tunnel gate, but
it is not known whether the roof covered the whole
gates or just the frontage.

The reconstruction (Figure 7) is based on the
results gained from the excavation campaigns

Figure 7. Left) Reconstruction drawing of the palisade construction components; The two different sizes of vertical clad-
ding planks, the four runs of stringers and the large wood pegs used for fixing the vertical planks on the rampart frontage
with the stringers and the rampart turfs; Right) Reconstruction drawing of the Borgring fortress palisade and rampart
(Drawings: Segren Nielsen and Jens Ulriksen).
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Timbers utilized (estimated)

Dimensions
Length x breadth x thickness (m)

or

Components Length x diameter (m) Quantities
Palisade

Vertical cladding planks (long) 4.90x0.29 x0.10 680
Vertical cladding planks (short) 4.70x0.29 x 0.10 680
Horizontal stringers (above the top surface of the rampart) 3.50 x 0.20 x 0.10 249
Horizontal stringers (below the top surface of the rampart) 3.50x0.15x0.10 259
Gateways

Vertical timbers 4.30 x 0.30 x 0.10 60
Horizontal stringers 2.30x0.20 16
Diagonal braces 3.50 x 0.20 8
Corner uprights 5.60 x 0.36 16
Side posts 3.50x 0.22x 0.15 240
Roof-bearing stringers 5.50x0.20 x 0.10 16
Roof planking 2.65x0.30x0.10 64
Beams 5.00 x 0.20 20
Timbers in all 2308
Applied number of trees

Tree-boles with an average breast-height diameter of 0.65 m 183
(providing raw materials for an average of six timbers)

Tree-boles with an average breast-height diameter of 0.35 m 605
(providing raw materials for an average of two timbers)

Trees in all 788

Table 3. Calculations of timbers and trees needed for the construction of the Borgring fortress.

conducted at the site, along with research results
gained from investigating the other Danish Viking
Age ring fortresses and conducting experimen-
tal archaeological projects exploring Viking Age
craftsmanship (Nielsen 2011, 59-82; Ravn 2016,
17-54). Many assumptions have been made in the
calculation of the amount and sizes of the different
timber components and it is important to stress
that the stated total amount of timbers utilised
must be viewed with some caution. A minimum
use of 2308 timber components is calculated for
the construction of Borgring (Table 3). Tree boles
with an average breast-height diameter of either
0.35 or 0.65 m from approximately 789 trees of
two size classes were used to craft these timbers
(Table 3 and Figure 8). The calculated amount
of oak timber used for the Trelleborg ring fortress

included different growth age/size classes (Jessen
1948, 173-178) and similarly estimated the area of
oak woodland required to supply the construction.
This was based on a series of woodland studies of
the eastern Danish oak woodlands between the
end of the 1800s and the beginning of the 1900s,
which gives the density of oak per hectare in Dan-
ish woodlands at that time. In the calculations for
the timber used at Borgring, we use corresponding
size classes. We also estimate the area of oak-dom-
inated woodlands required to collect the required
amount of oak timber by applying the density data
of Jessen (1948, 173-178) of oak in native Dan-
ish forests. The resulting estimated forest required
to supply the Borgring construction is 7.4ha
(Table 4). As timber sizes are as small as 10 cm, we
can expect that practically all usable oak was felled.
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Figure 8. Procurement of wood resources for building the Borgring fortress. Top) A tree with a breast-height diameter of
approximately 0.35 m and a minimum bole height of 4 m is felled. The log is cleft in two and subsequently dressed by
axe providing raw materials for an average of two timbers; Bottom) A tree with a breast-height diameter of approximately
0.65 m and a minimum bole height of 8 m is felled. The log is divided into two parts: A bottom part with a diameter of
approximately 0.65 m and a top part with a diameter of approximately 0.35 m. The bottom part is cleft in four and the top
part is cleft in two. The cleft pieces are subsequently dressed by axe providing raw materials for an average of six timbers

(Drawing: Sgren Nielsen).

The smallest size of timber — for example, the pegs
used as fasteners — are not included, as these size
classes would probably have been available from
the crowns of the felled oaks and from the forest
floor.

REVEALS and local Resource Areas

The results of the REVEALS modelling covering
the last 2000 years (Figure 9; Supplementary B)
show an open landscape dominated by grasses (Po-
aceae) (29-56% cover) with a quite high cover of
ribwort plantain (Plantago lanceolata) (1-9 %). This
likely reflects large grazing areas. Open wetlands
(represented in the REVEALS estimate by sedges
(Cyperaceae) covering 3-23 % of the region) may
also have been used for grazing or mowed for hay.
Cereal (Cerealia) cover is seen throughout the peri-
od but increases strongly from the 1350s and peaks
in the 1500s (Figure 9). The cover of cereal and rye
(Secale cereale) are of course an underestimation of
the area of arable fields, as these also contained
weeds, such as part of the cover of common sorrel

(Rumex acetosa-type) and mugwort (Artemisia) as
well as species not included in the REVEALS ana-
lysis, such as hemp (Cannabis sativa) and flax (Li-
num sp.). The regional tree cover around AD 985
was 37% + 2% and dominated by beech (Fagus
sylvatica) and hazel (Corylus avellana). Oak (Quer-
cus sp.) had a coverage of 3.3% + 0.3 %, which
means that there was approximately 1 ha of oak
stands for every 30 ha in the landscape. To supply
the construction site with 7.4 ha of oak woodland,

223ha of agrarian Viking Age’s landscape was
needed.

Discussion

The uniform and stringent design of ring fortresses
shows that they were built to a predefined plan by
competent builders who probably knew in advance
the raw material requirements and whether there
were sufficient local resources (Ulriksen, Schultz
and Mortensen 2020). At Borgring there are few
indications of how the work was organised, but the
geophysical survey of the rampart, together with
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Trees
Oak (average 0.35 m) 605
Oak (average 0.65 m) 183
Oak trees in total 788
REVEALS oak
land cover (%) 3.3
Ha cultural landscape
needed for 1 ha oak 30.3
Borgring
Size classes (after
Jessen 1948) Oak (average 0.35 m) Oak (average 0.65 m)
Rampart and gates 605 183 788

Trees pr. ha forest Trees needed Area forest needed (ha)
Oak (average 0.35 m) 150 605 4.0
Oak (average 0.65 m) 55 183 3.3
SUM 788 7.4
Ha cultural Km? cultural Radius from
landscape landscape Borgring (km)
REVEALS 100 %
usable oak for timber 223 2.2 0.84
REVEALS 50 %
usable oak for timber 446.1 4.5 1.19
REVEALS 25 %
usable oak for timber 892.2 8.9 1.69

Table 4. Calculation of the resource area of oak woodland (Quercus sp.) needed for the construction of the Borgring

fortress.

field observations, clearly shows that it was built in
sections (Figure 3). The rampart in the southwest
was laid out with dark coloured turfs in the lowest
layer with a slightly elevated boundary across the
rampart. The rampart above this lowest layer was
built in sections of alternately dark and light turfs
and soil. The sectioning possibly reflects different
work gangs cutting turf from different areas around
the fortress. This is supported by the different
pollen spectra seen in the turfs from the eastern,
southern and western parts of the rampart (Fig-
ure 5). The pollen analysis of the turfs also shows
that the ring fortress was built in an open, grazed
agrarian landscape and it is not surprising that turf

was chosen from these dryland areas, as the lower
organic content of these turfs would have reduced
any later settling of the ramparts.

Whilst the turfs are likely to have been harvest-
ed from the immediate surroundings, it was not
necessarily the case that the timbers for the rampart
cladding and gates were also found locally. Eastern
Zealand has some of Denmark’s best agricultural
land, a flat moraine landscape that is relatively eas-
ily cultivated, and much of it was already deforest-
ed by the Bronze Age (Mortensen et al. in prep).
Access to suitable timber was therefore not guaran-
teed. This raises the obvious question of whether
the raw materials were sourced locally or whether
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Figure 9. REVEALS-modelled diagram from lake Dalby Sg showing estimated regional vegetation land cover percenta-
ges over the last 2000 years. The grey curves represent 10x exaggeration.

they were imported from further afield. Studies
of other large Viking Age construction projects,
such as the Jelling complex or the monumental
oak bridge found at Ravning Enge, indicate that
timbers were sourced locally (Jessen et al. 2014,
17), however, we also know that large amounts of
building timbers were exported from Norway to
Iceland in the beginning of the eleventh century
AD (Sigurdsson 2005, 181-196; Stefansson 1997,
25-41). The import of timber over large distances
was therefore a real possibility.

The pollen and REVEALS analysis indicate that
beech was the most common tree species found in
the region around Borgring (Figure 9) but there is
no evidence of beech being used for construction
components in the ring fortress, presumably be-
cause beech is of limited use as a building timber
(Smith 1959).

As the pollen analysis of turfs indicates that
Borgring was placed in an open grassland it is un-
likely that natural or semi-managed oak-dominat-
ed forest could be found in the immediate vicini-
ty of Borgring, as this would result in higher oak
percentages in the pollen analysis of the turfs. The
REVEALS model shows that the average regional
coverage of oak within roughly 25km of Borgring
was approximately 3.3 % around AD 985, mean-

ing that in principle there was enough timber
for both the gates and the palisade within 223 ha
(2.23km?). If we assume a uniform distribution of
the vegetation in the surrounding landscape, this is
equal to a radius of 840 m around Borgring.

In reality, however, vegetation distribution is
very unlikely to have been uniform. But the mod-
elling gives us an opportunity to examine different
scenarios and their impact on the required source
area. For example, reducing the amount of usable
oak in the area near Borgring by 50 % would in-
crease the source area needed to a radius of 1190
m, while a reduction of 75 % necessitates a radius
of 1690m. In comparison, the constructions at
Trelleborg — including 31 houses, oak cladding
on both the inner and outer sides of the ramparts,
and wooden circular and crossroads — would have
consumed much more timber, and would have re-
quired a radial source area of 4040 m, assuming
only oak was used. This expands to 5720 m if the
amount of available oak is reduced by 50 %. Even
though the model cannot give a complete and full
representation of the source area, as it assumes an
unrealistic uniformly distributed vegetation, it
does give an indication of the scale of the hinter-
land necessary for such building projects. Though
we cannot exclude the use of imported timber, the
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Figure 10. Areas with preserved Celtic field systems in Krageskov (dotted line), south of the Borgring fortress, of around
500 ha. Present day forest is marked with green and the shaded areas show the preserved ridge and furrow system
(includes data from GeoDanmark, Agency for Data Supply and Efficiency and Danske kommuner, june 2020 and Terrain
0.4 m, December 2019).

results show that sufficient timber resources for the
construction of Borgring could be sourced in the
local area and that the import of timber was not
a precondition for the work. The size and type of
wood used also indicates a local origin, as it is not
likely that tree taxa with limited construction qual-
ity such as ash, alder, and fruit including Prunus
sp. and Sorbus sp. were imported. The taxa used in
the construction is, however, based on fragmentary
material from the gates and it is not possible to say
how common they were.

But where were the major forests close to Borg-
ring? The pollen analysis of sediments from east-
ern Danish lakes shows that the overall landscape
structure established during the Bronze Age was
very similar to that seen on maps of the 1700s and
updated maps of the early 1800s from Videnska-
bernes Selskab (the Royal Academy) (Nielsen and
Odgaard 2010; Odgaard and Rasmussen 2000).
Through these maps we can get a clue as to where
the woodlands supplying the timber may have
been located. The woodlands of the Viking Age

were probably primarily found in the hilly central
area of Zealand, where there are also many place
names ending in ‘tved’ and ‘red’, both of which
indicate forest clearings from the Viking and Mid-
dle Ages (Dam 2015, 129-141). However, a more
likely choice of woodland for the Borgring fortress
lies 1.5km south of Kege stream, in a forest now
known as Krageskov (Figure 10). This forest has
grown on a well-preserved Celtic field system,
which is already known to have stretched over
124 ha (www.kulturarv.dk; accessed 2020) but has
been recognised in a further 366ha as a result of
work within the present project. We know from
other sites that these systems were abandoned in
the first few centuries AD, and the fact that they
are still preserved shows that the areas were not
later ploughed (e.g. Arnberg 2007, 33; Rasmus-
sen, Henriksen and Mortensen 2015, 137). These
preserved field systems beneath present-day for-
ests are fairly common in the eastern Danish re-
gion. One study shows that at Tarup Lund Forest,
in eastern Fyn, the Celtic fields were abandoned
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around AD 300 and the forest took over imme-
diately afterwards (Rasmussen, Henriksen and
Mortensen 2015). As the younger ‘ridge and fur-
row fields are very rarely seen in Krageskov, this
also indicates that the forests were established fairly
soon after the abandonment of the Celtic field sys-
tems in most areas, and hence existed during the
Viking Age. There are in total around 500 ha of
forest growing on preserved Celtic field systems
immediately south of Borgring, and it is therefore
likely that these were the principal areas supplying
timber for Borgring.

Quantification of the resource area needed for con-
structing a ring fortress has not been carried out for
other ring fortresses. Trelleborg, Nonnebakken and
Fyrkat all lie in open and cultivated landscape types,
similar to Borgring (e.g. Christiansen 1989; Jessen
1948, 174; Odgaard and Nielsen 2009; Rasmussen
2005), and it is likely that local resources were simi-
larly available. However, this was probably not the
case for Aggersborg, a larger fortress with 48 houses
within the ramparts, as Aggersborg lies in an area of
northern Jutland that had far fewer woodlands than
southern and eastern Denmark in the Viking Age
(e.g. Kristiansen et al. 2020).

On alocal scale, comparable to the resource area
of a village, the impact of fortress building would
thus have been considerable and may have led to
a shortage of prime building timbers. However, it
is also possible that the results were perceived as
landscape improvement, since increased clearance
of land for grazing and cultivation was ongoing.
On a regional scale, the impact would have been
hardly detectable. The Danish landscape had been
transformed by intense cultural impact since the
Neolithic period. The early medieval agrarian col-
onisation further contributed to large-scale clear-
ance of former forest land. By comparison, the
analysis of the materials used in the construction
of the Borgring and Trelleborg fortresses show that
the required resources could be sourced with a less
severe impact on the natural landscape than pre-
viously suggested (Jessen 1948, 178). While the
Viking Age ring fortresses were undoubtedly a
powerful expression of organisation, the ecologi-
cal impact on the local environment near Borgring
and possibly its sister fortresses, was limited.

Conclusion

Prehistoric monumental building works are often
believed to have caused severe impact on land-
scape. In the case of the Borgring ring fortress we
can now model the impact with considerable pre-
cision.

The Borgring circular ramparts were built
using turfs of dryland soils probably collected
from the area immediately north of the fortress.
Turfs from an estimated 6.57ha of grasslands
would have been needed to construct the ram-
parts to a height of 3m.

By modelling the pollen data from the local
lake, Dalby S, it is shown that if construction tim-
ber were entirely of oak (Quercus sp.), the timber
for the rampart timber cladding and the gates was,
in principle, available locally within a radius of
810 m. If the amount of usable timber in the forest
is reduced by 50% and 75 %, the radius required
around Borgring increases to 1240 m and 1630 m
respectively. If the larger ring fortress at Trelleborg,
which had a much greater timber requirement, was
in the same type of landscape, it would need a re-
source area with a radius of 4040 m.

The results indicate that the resources could be
supplied from within a workable distance and that
the import of timber was not necessary to build
the fortress. The most likely timber source area for
Borgring is within Krageskov 1.5 km south of Kege
stream, where there are more than 500 ha of forest
growing on preserved Celtic field systems.

Modelling of the required resource area indi-
cates a much smaller area than previously assumed
and the construction of the fortress would not have
had such a significant impact on the environment
in general, though local communities could have
experienced a shortage of building timber over the
following years.
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