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Abstract  

In this thesis a ground-penetration radar survey was carried out in four areas, Borgmästarängen, Draken, 
Urmakaren and Koppardosan in Sigtuna. The aim of this paper is to detect remnants of the Viking Age harbor at 
those chosen sites. Former research investigations have discovered findings which are related to shipbuilding 
like clench nails, rivets and boat nails; however, the question remains whether Sigtuna ever had a central harbor, 
and researchers suggested instead that every town plot had its own mooring. This paper addresses this question 
by deploying geophysical surveys to increase the understanding of the town’s organization. Furthermore this 
paper will discuss how the detected structures can be understood in comparison to earlier Viking Age and early 
Medieval towns, in this case Birka, Hedeby and Schleswig where central harbors have been discovered and 
investigated. 
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1. Introduction 

The Viking Age is known as a period where wealth came from both trading and raiding. New 
towns with trade ports were founded and ships that could hold more cargo were built. Due to 
a raising population, demands after merchandise of all kinds increased and trading networks 
were established over different continents from Central Asia to Greenland in the 8th century. 
Trading could be either short-distance from smaller ports to ports in Scandinavia or even on 
an international level. Merchants from different parts of the world traded to these, in the 
beginning seasonal markets, bringing fur, amber, Walrus ivory, silver and even slaves with 
them. A Viking Age trade ship, unlike the longship, was built with a wider, deeper and 
heavier hull and was more depending of it sails. The main type of trade ship from this time is 
known as knarr. The knarr from Skuldelev was 16.5 meter long and could hold 24 tons of 
cargo and made for long-distance trading (Haywood 1995:38f).  

Hedeby in Germany, and Ribe in Denmark, were the first Viking Age trading towns 
established in Scandinavia under a Kings control where merchants paid taxes and fees in 
order to receive protection from piracy. These towns were built along the coastline nearby 
natural harbors or fjords in order to develop and maintain trade connections and were soon 
followed by Kaupang in Norway, and Birka in Sweden (Haywood 1995:38). Finding these 

harbors, or their remains, has been the focus 
of many archaeological surveys. However, 
due to a land elevation of approximately 5 
meters since the Viking Age, these remains 
are today found on dry land and partially in 
water. Marine archeological excavations on 
land, beneath the water surface and 
geophysical prospection surveys have 
successfully been carried out in both Birka 
(Trinks & Larsson 2007; Trinks, Nissen, 
Johansson et al 2008; Lindström, Olsson, 
Rönnby 2012) and Hedeby (e.g. Schietzel 
1968; Stümpel & Borth-Hoffmann 1983; 
Hilberg 2007; Kalmring 2010; Hilberg et al. 
2012) with the purpose of detecting harbor 
buildings, jetties and post holes, giving 
more information about the layout and 
function of the harbors as well as providing 

a more comprehensible picture of the 
organization of these towns.  

The question regarding Sigtuna’s harbor remains has been discussed by different researchers 
over the years (Edberg 1999; 2012; 2013; Lindström 2000; Wikström & Androsjtjuk 2012), 
but because of the limited archaeological material this issue has never been properly 
answered. In order to produce new information regarding the location of possible harbor 

Fig. 1: Baltic Sea region with Sigtuna, Birka, 
Kaupang, Ribe, Schleswig and Haithabu (after 
Schultzén 2014, with alterations by the author).  
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remains in Sigtuna, geophysical prospection surveys using ground-penetrating radar (GPR) 
have been carried out in October 2014 at four sites in Sigtuna (Borgmästarängen, 
Koppardosan, Draken and Urmakaren). These sites have been chosen due to their 
topographical characteristics and placement near the Viking Age shoreline and their easy 
access (see fig. 2). Furthermore, this thesis will also be based on archaeological material from 
the areas and historical maps. I will discuss the results in comparison to the archaeological 
traces of harbor remains found in Hedeby and Schleswig in Germany. Additionally harbor 
material from Birka will also be included to give a more comprehensible picture of the 
development of harbor areas during the Viking Age to early medieval times.  

 

1.1. Aim and research questions 

The aim of this thesis is to use a ground-penetrating radar to search for remains of Viking Age 
and early Medieval harbor constructions in Sigtuna. This study also aims to combine new 
information obtained by geophysical surveys with already existing information from historical 
maps and excavations regarding the traces of the Sigtuna harbor. Furthermore this thesis will 
identify and suggest interesting areas with harbor remains for future archaeological 
investigations within Sigtuna.  

The following research questions have been posted: 

� Which ground structures can be detected at the selected areas of interest?  

Fig. 2: Ortophoto of Sigtuna (@Lantmäteriet I2014/00691). Georadar survey areas marked purple, land 
above Viking Age shoreline, 5 meter, white. Alterations done in ArcGIS 10.2.2. 
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� If these structures can be interpreted as harbor constructions, how can they be 
understood in comparison to other late Viking Age and early medieval harbors from 
for example Hedeby and Schleswig?  

1.2. Ethics 

The georadar can detect and reveal a number of things beneath the surface, beside power lines 
and cables, archaeological artifacts and structures are among them. This information is very 
useful for the industry and the archaeological field of research and does not implicate any risk 
when handled carefully. By publishing results of a georadar survey one has to bear in mind 
that areas of archaeological interests also, for the most of it, contain material which can be 
exposed to plundering or vandalism. The collected data for this thesis will therefore not be 
published in its entirety.  

2. Background  

2.1. Sigtuna  

The town of Sigtuna was established around 980 A.D at Lake Mälaren, Uppland and has been 
the focus of over 360 archaeological excavations in the past years. All information about 
Sweden’s oldest town comes from monitoring excavations required for present day 
constructions. During these excavations archaeological structures were discovered in a 
number of town plots, leading to the conclusion that Sigtuna’s town yards were divided up by 
their function when building the city, see figure 3 (Ros 2009:260; Edberg 2013:197). Among 
the surveyed plots archaeologists found craftsmen shops, two-room dwelling-houses with sill-
stones, loft-houses and artifacts that provide evidence of trade connections with England, 
France and Byzantium. Sweden’s first coin production was established in Sigtuna by King 
Olof Skötkonung at 995 A.D. and lasted until 1035. At 1167 under King Knut Eriksson the 
coinage started again and lasted until 1196 (Ros 2001:264). The latest research has shown that 
Sigtuna consisted of hundreds of plots with equal width which the king leased to other lords 
from the region (Ros 2009:92 ff). Traces of harbor structures and activities in Sigtuna are few; 

Fig. 3: Street layout and town plot divisions of Sigtuna (Douglas 1978:15). 
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however, some finds of anchors, clench nails, rivets and boat nails have been discovered 
during excavations in 1995 – 1999 and can be associated with harbor activities (Edberg 1999: 
5f). Rune Edbergs calculations on how much supplies of fuel and food a population of 500 
people require (180.000 kg/year of food and 2000 m3 firewood) demonstrate the 
unquestionable need for a shipping/transportation harbor in Sigtuna during the Viking Age 
(Edberg 2007). In 2011 trenches have been monitored due to an upgrade of the marina at 
Varvsgränd and Hamngatan (fig 2). Due to finds connected to trade from ships (anchors, 
clench nails, in and around this area, expectations were high to find harbor remnants of the 
Viking Age or Early medieval times and the trenches had been opened up near the shoreline 
and in the water. However, modern material, timber deriving from 1800 and 1900 and nothing 
of archaeological interest was found in these trenches (Edberg 2012; Wikström & Androsjtjuk 
2012).  

2.1.1. Borgmästarängen 

The area Borgmästarängen is situated in the eastern part of Sigtunas 
Black Earth near the medieval shore line. Older buildings are 
documented on historical maps from 1862, showing one house in the 
northwestern corner, one in the northeastern corner and one in the 
southern part towards Strandvägen as well as the monastery ditch (see 
fig 4). Anders Wikström has published a short report of the minor 
excavations in 1985, 1988 and 2007 (Wikström 2009) which were 
carried out before 
the construction 
of new lamp 
posts, tree plan-
tations and before 

the building of a 
Christmas tree 
foundation (see 
fig. 5). The 

archaeological 
material from the 

1985 trenches consisted of animal 
bones, bone needles and nails dated to 
the later part of the 11th century. 
Remnants of housing in terms of a 
hearth and layers of clay from at least 
three houses were found in the north-
western corner. Due to the thickness of 
the cultural layer (0.6 meters) and the 
archaeological finds the trenches were 
dated to the 12th century (Wikström 
2009:5f). In 1988 one trench of 1.2 x Fig. 5: Borgmästarängen, trenches marked red from 1985, 

1988 and 2007 (Wikström 2009:4). 

Fig. 4: Borgmästar-
ängen from historical 
map of 1862 showing 
buildings 98, 99 and 
100 (@Lantmäteriet 
I2014/00691) 
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1.2 meter was opened and a compact layer of clay was discovered which was interpreted as a 
floor layer. Pieces of Slavic ceramics and Grey Ware (svartgods) were used for dating this 
building to 11-12 th century (Wikström 2009:9). During an upgrading of the lighting system 
for the 95 meter walkway five trenches were opened up for the lamp posts. Cultural layers 
could be found in trench 4 and 5 and consisted of recent material. The archaeological material 
of trench 5 consisted of a spindle whorl and belt buckle dating to the 12th century (Wikström 
2009:10). Because nothing could be dated earlier as the 12th century, these finds cannot be 
seen in any context to the harbor area.   

2.1.2. Koppardosan 

The area of Koppardosan covers approx. 6.700 m² and its cultural layers are thicker towards 
Stora Gatan and non-existent towards Strandvägen which results in cultural layer coverage of 
5.400 m². Over 40% of the area has been archaeological investigated, though not always 
properly documented and published. Trenches have only been opened up in connection with 

other work, e.g. cables, 
VA power lines, the 
creation of a parking 
place etc. and arch-
aeological investiga-
tions have been carried 
out in 1950, 1985, 
1995, 1999, 2004 and 
2007 (Wikström 
2004:10f; Wikström 
2009).  

The trench from 1995 
which had a depth of 
1.5 meters revealed a 
medieval cultural layer 
mixed with brick 
debris, probably from 
modern time. 
(Wikström 2009:7). In 
1999 a 13 meter wide 
and 1.4 meter deep 
trench was established 
at the western side of a 

building (see fig. 6). The archaeological materials consisted of two hearths (approx. 1.2 meter 
in diameter) and stones with even surfaces on the bottom, dating to the 11th -or 12th century. 
Six trenches measuring 0.3 x 0.3 meter were investigated in 2007 in connection with the 
installation of a geothermal heating system (bergvärmepumpanläggning). The existing 
cultural layers couldn’t be studied properly due to the small size of the trenches. However, a 
variation in their thickness, ranging between 0.1 to 0.7 meters, could be observed. Five kilos 

Fig 6: Area Koppardosan. Excavations marked in red from 1995, 1999, 2004 
and 2007 (Wikström 2004). Trenches from 2004 marked by the author. 
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of slag had been found in a sandier yellow-brown/reddish layer in two of the six trenches 
which was interpreted as evidence of local iron production. Animal bones and Grey Ware 
(svartgods) ceramics were located in other trenches (Wikström 2004:5ff). In 2007 a 24 meter 
long and 0.8 meter wide trench was opened up at the eastern side of the building. The trench 
had the same depth as the foundation of the house which (0.8- 2 meter) because of its 
placement on a slope. The cultural layers in this trench were difficult to interpret because the 
interfaces were not clearly defined and more diffuse in character. No organic material could 
be obtained from this trench, however one layer containing more compact stones was found, 
which gave reason to believe that a former walkway had been established here going towards 
the main street Stora Gatan (Wikström 2009:9f).  

2.1.3. Draken 

The area Draken is situated on a slope south of Stora Gatan towards Strandvägen. This area 
has been the subject of smaller archaeological investigations, however not everything has 
been published and made available. One published rapport from the year 2000 mentions 
however cultural layers dating to the medieval time in the north-eastern part of Draken which 
were discovered during a power line installation; see fig. 7 (Savonen 2002). 

In 2001 bushes and trees had been planted 
and a total of 18 small trenches were opened 
up in order to document cultural layers etc. 
The trenches measured approx. 1 x 1 meter 
and reached a depth of approx. 0.45 meter. 
Evidence of cultural layers could be detected 
at an approx. depth of 0.45 – 0.50 meter in the 
northern and middle part of the area as well as 
a stone construction of uncertain type, no 
cultural layer could be found in the southern 
part of Draken towards Strandvägen (Savonen 
2002). 

In April 2015 drainage works at Stora Gatan 
required a monitoring of the excavation 
trenches. Cultural Layers dating to the 11th 
century were found together with a bone 
which had runes carved on it. Timbers have 
been found and were interpreted as possible 
remnants from a craftsmen shop 
(Arkeologikonsult/Sigtuna Museet). 

2.1.4. Urmakaren 

The area of Urmakaren is situated in the middle of the medieval town center south-east of 
Sigtuna’s museum. Archaeological investigations have been carried out in 1927, 1962, 1970, 
1990-91 and 2007.  

Fig. 7: Draken, trenches marked in blue, stone 
construction marked in red, clay layer marked in 
green (Savonen 2002, alterations done by the 
author). 
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The documentation of the excavations during 1927, 1962 and 1970 on this plot are almost 
non-informative, but give a clue about the thickness of the cultural layer (1.5-1.6 meter). It is 
believed that a large amount of cultural layers have been removed, at least approximately 5 x 
1 meter, in the center of Urmakaren which created a more than visible edge. The geophysical 
survey area is situated below this edge on a slope towards Strandvägen. Excavations have 
been carried out over a large area in 1990 – 91. During these excavations remnants of King 
Olofs coin house were discovered (Ros 2001:263). Through further studies of another trench 
in 2007 conclusions have been drawn that earlier buildings must have been built near the 
medieval shore line (Runer &Wikström 2007). 

2.1.5 Geophysical surveys in Sigtuna 
GPR measurements in Sigtuna have been carried out in 2003, 2009 and 2010-2011 at sites 
dated to the medieval time. The church ruins of St Nicolas and St Olof were investigated by 
Kjell Persson. Possible wall structures appeared in the data set and the author recommended 
the method for detecting such features in this environment (Persson 2003). In 2007 a polish 
team conducted magnetic and electric survey prospections at St. Nicolaus and St. Gertrud 
(Miesiewicz 2007). Andreas Viberg carried out GPR measurement at Prästgården in 2009 
without any major discovery (Viberg, A. pers. comm. 2015.) 

The results from a GPR survey of S:t. Mary’s Dominican unraveled not only the buried 
foundations of the Convent but also walls from a previously unknown lavatory (Viberg & 
Wikström 2011: 322). The results of the second site, St Lawrence, a church which burned 
almost completely to the ground in the 1600s, were presented as a digital reconstruction 
model combining two different methods. The spatial layout was obtained with the GPR and 
the existing tower was added using Photogrammetry in order to create a 3D model (Viberg et 
al 2013). 

2.2. Birka  

Birka is known as a city of craftsmanship and trade town of the Viking Age. The town is 
situated in Lake Mälaren and was founded in approx. A.D. 750 on the island Björkö, see 
figure 8 (Ambrosiani & Erikson 1991:37). Beside the settlement area, the Black Earth, which 
is surrounded by a rampart, Birka holds seven burial grounds and one hillfort. Johan Hadorph 
observed as early as 1680 that remnants of timber posts existed in the water area in front of 
the towns black earth which was proved later by Hjalmar Stolpe in 1871-95 when he 
discovered a cultural layer in the Black Earth. Stolpe began excavating 4.500 m² of the 
settlement area and over 1100 graves (Ambrosiani & Erikson 1996:7). Further excavations 
were carried out in the 1990s and approx. 350 m² were excavated and over 4.000 structures, 
75.000 archaeological findings and over 6.000 kg of bones could be gathered (Ambrosiani 
2012:9).  

The harbor area in connection to the Black Earth and its landing sites was first examined in 
1969 (Björn Ambrosiani and Birgit Arrhenius) -1971 by Björn Ambrosiani. Two jetties had 
been discovered near the Viking Age shoreline, whereof one dated to the late 10th century and 
the second to the early 10th century (Ambrosiani et al. 1973; Ambrosiani & Erikson 1994:58; 
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Lindström 2003:6). Simultaneously underwater investigations were carried out by the 
Swedish Maritime Museum and timber posts which possibly came from a water barrier dated 
to the 8th century could be discovered (Ingelman-Sundberg 1972). Between 1990 and 1994 
during excavations in the Black Earth another jetty had been discovered and dated to A.D. 
750 due to changes of the shoreline level (Ambrosiani 1985:66ff; Ambrosiani & Clarke 
1993:70ff; Ambrosiani & Eriksson 1994:19). Minor excavations on and off land have been 
carried out since the 1980s forward. The main aim of these investigations has been the 
documentation and measuring of the detected 
timber posts (Ingelman-Sundberg & Rönnby 
1991; Rönnby 2001). An inventorial 
investigation in 1997-98 uncovered remnants 
of jetties and landing stages along the Viking 
Age shoreline which led to the conclusion 
that Birka must have had more than one 
harbor with different functions, e.g. by the 
northern end of the rampart, north of 
Kugghamn and right above Korshamn 
(Lindström et al. 2012:32). In May 2002 a 
stone construction, 17 x 6 meter, was found 
near the warrior house, garnisonen. Due to 
the declining shoreline level in Lake Mälaren, 
which was 5 meter higher in the Viking Age 
(see fig. 8), this construction could be dated 
to the 10th century. Further suggestions have 
been made that the foundation directly relates to the warrior house (Rönnby 2001; Lindström 
2003:4f). Notable for this stone construction is the absence of cultural layer; the only 
coverage was made of a thin layer of grass and soil which can indicate that this jetty had been 
used towards the end of Birka in the late 10th century. Marine archeological examinations of 
Birkas harbor started in 2004 and were led by a cooperation of the Maritime Museum of 
Sweden and Södertörns College. Research has been carried out on a yearly basis since and 
during these excavations and inventory surveys remnants of bridges and vertical and 
horizontal standing timbers were found in the remaining part of the Black Earth's harbor area 
that is still covered by water. In order to obtain a precise dating of the material, carbon 14 and 
dendrochronological dating have been successfully carried out (Lindström et al. 2012:29ff). 
Measurements and dating techniques which have been carried out and applied during the 
project “Maritima Birka” in front of Birkas Black Earth in 2010 and 2011 helped create a 
more complex picture of the towns harbor area and its pile settings. A total of five stone 
constructions, 10 x 5 meter, have been found and only one of them lies beneath today’s water 
level. In order to be able to explain how these constructions can be understood two trenches 
were opened up in 2010 and 2011, one of them being on shore and the other below water. The 
top layer consisted of a soot layer, followed by a more sandy silty layer which must have been 
created whilst the stones where covered by water. This layer consisted of wood chips, 
ceramics and amber dated to the Viking Age, and rested on a 10 cm thick layer of wood chips 
(Lindström et al. 2012:32f). In 2011 another trench had been opened up underneath the 

Fig. 8: Birka, Viking Age shoreline level marked 
black, present day shoreline grey (Ambrosiani & 
Erikson 1994:14). 
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present water level in front of Båtudden to investigate one more stone construction. Inside the 
2 x 3 meter trench horizontal laying timbers were uncovered in the cultural layer. These 
timber posts had processed ends which could have been used for mooring (Lindström et al. 
2012:35f). In the spring of 2015 a survey area was investigated by archaeologists of the 
Archaeological Research Laboratory at Stockholm University and the Centre for Baltic and 
Scandinavian Archaeology in Schleswig, Germany. The excavation was based on 
Ambrosianis excavation trench from 1969 (50 meter long & 1 meter wide) and placed in front 
of the wooden timber and stone box (stenkista) of the jetty, number 7071. In order to find out 
if the stone box continues further inland, a 16 m² trench was opened up. Among the finds, 
three postholes were found in connection to the jetty along with an iron dragon head beside it 
(Kalmring, S. pers. comm. 27.05.2015).  

2.2.1. Geophysical surveys in Birka 

The University of Kiel, Germany, conducted among other prospection methods, a GPR survey 
in the Viking Age town Birka, in Lake Mälaren in the 1990s. The GPR was equipped with a 
120 MHz antenna and data were collected in a grid by 50 x 50 meter with 1 meter space 
between each profile. Despite the antennas low frequency many features were detected during 
this survey, although the resolution was poor. First in 2006 measurements were carried out 
with a higher resolution 500 MHz antenna. Also the survey grid had been adjusted and data 
was now collected with 0.25 centimeter in between profiles on a 0.5 ha large area. Due to the 
antennas producing a more higher resolution image, features like houses, graves and paths etc. 
could be now seen in the data set and contribute to the better understanding of the towns’ 
structure (Trinks & Larsson, 2007; Trinks et al. 2007; 2008; Trinks et al. 2014). 
Measurements on an even larger survey area in Birka have been carried out in 2008 by 
MALÅ, the GPR system manufacturer. A total of 3 ha had been covered using a multichannel 
GPR with a 400 MHz antenna. The results delivered high-resolution images where even 
features like post holes as small as 20 cm could be seen (Trinks et al 2010). The results of all 
geophysical surveys carried out in Birka can be read about in Andreas Vibergs review article 
and Trinks article Archaeological Prospection of the UNESCO World cultural heritage site 
Birka-Hovgården (Viberg et al. 2010; Trinks et al. 2013). 

2.3. Hedeby  

The settlement of Hedeby has been the biggest trading site of Denmark in the Viking Age and 
is situated on the peninsula Jutland in the inner part of the Schlei fjord and has a documented 
continuous habitation from A.D. 804 – 1066. Researchers suggest that more than 1500 - 3000 
inhabitants could have lived here during its peak, which is twice the amount of Birka. The 
name Hedeby has been mentioned on rune stones, haiþbu, heithaby(r), which means 
settlement in der Heide (Lauer 2006). The settlement has been the focus of many research 
surveys over centuries and through these intense investigations Hedeby has become one of the 
most well-known researched sites from the Viking Age (Hilberg et al. 2012:65). Due to its 
geographical position between the North and Baltic Sea, Scandinavia and Europe, the 
settlement flourished and developed into a political and economical Center in the 9th century 
(Hilberg 2007:187). 
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The archaeological research history of Hedeby has its beginning in the early years of 1900 
where the rampart was investigated (Mestorf/Split) and when in 1908 a richly equipped boat 
chamber grave was discovered on a burial ground outside the rampart. Due to the grave goods, 
the grave which was covered by a burial mound could be dated to 850 A.D.. The grave 
chamber was placed underneath instead of within a long ship which was unusual for its time. 
Though the ship was not well preserved when discovered, its approximate measurements 
could be obtained through the distribution pattern of the iron rivets; resulting in a 17 – 20 
meter long and 2.7-3.5 meter wide structure. Additional excavations have been conducted 
over the years and during the 1930s Herbert Jankuhn focused on excavating areas inside the 
rampart and in the harbor area multiple post holes could be discovered (Jankuhn 1986). In 
1953 further investigations beneath the water surface were performed discovering a long ship 
from the Viking Age and a concentration of posts which were interpreted as a fortification 
system to protect the harbor (Kersten 1954; Hingst & Kersten 1955; Schietzel 1968:172). 
Densely built timber posts parallel to the shoreline at about 1.5 – 2 meter depth have been 
interpreted as pier remains (Hingst & Kersten 1955:270).  

2.3.1. Geophysical surveys in Hedeby 

In the 1960s Kurt Schietzel began excavations in Hedebys harbor, the central settlement area 
(Crumlin-Pedersen 1997:59ff). Seismic surveys began in 1977 and were applied in hope for 
uncovering smaller objects (10 cm) and an area of 110.000 m² could be investigated 
(Meissner & Stümpel 1979:414) following additional surveys in 1979 and 1980. The results 
were verified through investigations beneath the water surface by divers and more timber 
posts which belonged to a harbor construction could be documented (Stümpel & Borth-
Hoffmann 1983). Through bathymetric data obtained in 1995 and further consulting with 
other parts two structures, one 220 meters long and 10-15 meter wide; the other 200 meter 
long and 4-6 meters wide, could be interpreted as harbor palisade for possibly protection of 
the harbor (Nakoinz & Hoffmann 1998:50). In 2002 geomagnetic prospection surveys was 
carried out, followed by metal detector surveys one year later in- and outside of the rampart 
and in the harbor area. These surveys have been conducted in a collaboration between the 
Bornholmske Amatörarkæologer, Denmark, and ALSHs own metal detector group, 
metalldetektorister; and teams from Vienna, Munich and Marburg (geophysics). Between 
2003 and 2011 a total of 12.000 metal objects could be documented. (Neubauer et al 
2003:239ff; Hilberg et al. 2012:66). The magnetic survey uncovered more of the settlements 
road network within the rampart showing one major road parallel to the shoreline and its 
connection to the landing stages of the harbor and one road connecting the harbor with the 
hinterland. In the western part of the settlement buildings were oriented towards the roads on 
large plots with workshops behind them, see figure 9 (Neubauer et al 2003:239). In 2005 and 
2006 new excavations had been carried out based on the 2002 geomagnetic prospection to 
confirm certain results. An area of 15 x 18 meter in the northwestern region inside of the 
rampart was investigated and four pit houses could be documented as well as other pits. The 
houses have been carbon dated to Hedebys last building phase, the 11th century. The ship 
wreck Hedeby 1, which sunk between 990 and 1010, a coin dating to 1035-42 and a well of 
Kastenbrunnen type from the year 1020 are among the youngest archaeological objects which 
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have been obtained from excavations marking the end of the settlement in the 11th century 
(Crumlin-Pedersen 1992:29ff; Hilberg 2007:199; Hilberg et al. 2012:66; Rösch 2014:40). 

 

2.4. Schleswig 

The name Schleswig has been mentioned in its Saxony form sliesthorp and sliaswich in 
Carolingian sources in the 9th and 10th century. Sliesthorp, however, was also used for Hedeby 
which led to suggestions that Hedeby and Schleswig could have existed simultaneously. 
However, this is not correct, sliaswhich has also been used for Hedeby in some sources, and 
dendro tests were analyzed from a wooden house dating Schleswig to 1071, which coincides 
with Hedebys final phase. Nevertheless, a previous settlement in this area may have existed at 
the same time with Hedeby (Vogel 1983; Elsner 2004) and because of findings of small ship 
landing sites near St. Jacob church, its inhabitants are believed to be fishermen (Vogel 1999). 
Furthermore, due to the number of Slavic ceramic findings, Vogel suggests that a Slavic 
settlement dated to the Viking Age could also have existed in this area (Vogel 2002).  

After Hedeby had been destroyed in 1066 the new settlement Schleswig was established at a 
peninsula at the north shore of the Schlei fjord at the southern border of Denmark. Researcher 
Volker Vogel believed the resettlement had been taking place in order to handle bigger ships 
which needed a cargo handling place on their trading route between the North Sea and the 
Baltic Sea (Vogel 1983) and the earliest harbor area of Schleswig was dated to the late 11th 
century. However, the transition from Hedeby to Schleswig is still unclear (Rösch 2014:40). 
The town layout was organized by roads connecting the harbor region with the hinterland. At 
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Fig. 9: Results of the geomagnetic 
prospection from 2002 in Hedeby 
(Hilberg 2007:192). 
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this time, the jetties were used as a market place as well, keeping all trading activities in the 
same area (Vogel 1999:187ff). Together with the right-angled alignment of the plots and 
houses towards the piers and jetties the harbor area with a total of approx. 2.600 m² was 
definitely the focus of the settlement (Vogel 2000:204). Differences in building types in these 
areas have been detected during excavations showing dense housing construction sites in the 
harbor districts, Plessenstrasse/Hafengang and Schild, and stables and wide spread houses in 
the hinterland (Vogel 1986:257f). However, not all houses by the piers were used as 
warehouses; hearths have been documented in several of them suggesting a mix of living and 
storage space in these buildings. The settlement was presumably surrounded by a wooden 
rampart; a stone wall has never been found (Vogel 1983:32).  

The harbor area consisted of a total of seven jetties leading into the Schlei fjord, which were 
connected through a boardwalk, and were 10 meter wide and 45 meter in length, see fig. 10. 
During the excavation of the 150 meter waterfront different harbor building phases could be 
determined by dendrochronological tests, stretching from year 1087 to 1095 when the harbor 
expanded once more through an extension of the shore line to reach deeper water. A shipyard 
is mentioned in the written sources as well. This expansion is believed to be a direct result of 
the growth of the population and an increase in trading partners and shipping by Vogel (Vogel 
1990:191ff; 1992:28; 2002:367). Felix Rösch suggested on the other hand that these 
expansions should instead be seen in comparison to the decreasing shoreline level with 50 cm 
over a time span of 200 years (Rösch 2014:50).  

Fig 10: development of the harbor area in Schleswig from 1087, 1095 and app. 1100. Vogel 1989:17) 
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Trading routes were established going from Schleswig to Slavonic Wagrien, Sweden 
(Sigtuna) and to the Baltic coast all the way to Novgorod. These trade connections between 
Schleswig and the East can be seen in the archaeological material dated to the first half of the 
12th century, e.g. silver embroidered shoes, horse saddles and spindle-whorls of red slate from 
the Ovruc region in Kiew (Radtke 2002:395; Vogel 2002:368ff). Trade items from the East 
consisted of finger rings and influences from Byzans are represented as Byzantine amphoras 
in Schleswig as well as in Hedeby, Lund and Sigtuna. Import items from England and Spain 
including vine, swords, tuff stone and textiles; and fish bones from Norwegian stockfish have 
been found in Schleswigs soil among other things (Hildebrandt 2001; Vogel 2002:368). The 
massive amount of scales and weights, dice and spherical weights, found in Schleswig are an 
additional confirmation of the extensive trading in the 11th and 12th century (Steuer 1997:99). 

The harbor area played an important role in the early time of Schleswig; this however changes 
over the years due to the lack of long distance trading routes and the introduction/beginning of 
the Hanse. By approximately 1240 the complete harbor area was abandoned except for one 
jetty in the eastern part. In the western part a Dominican monastery was built on the other 
jetties. The church at the town hall square had to give way for a marked place for local trading 
(Vogel 1999:196).  

3. Method 

The method which was applied for answering above research questions is a ProEx ground-
penetrating radar system manufactured by Malå GeoScience connected to a 500 MHz antenna 
placed in a rough terrain cart (see fig. 11). Measurements were carried out at four areas: 
Borgmästerängen, Koppardosan, Urmakaren and Draken which are situated close to the 
Viking Age shoreline, ca 5 meter above current sea level (see fig.12).  

 

 

Fig. 12: Georadar survey areas in Sigtuna, from left to right: 
Urmakaren, Draken (I&II), Koppardosan and Borgmästarängen 
(Douglas 1978:15). 

Fig. 11: Georadar instrument 
@Viberg 2014 
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3.1 GPR 

GPR is a non-invasive electromagnetic prospection method. During a survey an 
electromagnetical pulse is transmitted into the soil from a transmitting antenna which is 
placed directly on the surface. This pulse travels downwards detecting reflections of different 
buried objects e.g. stones, walls and archaeological features and cause hyperbolic reflections 
(see fig. 13) from these point objects (Conyers 2013:48). After reflection the pulse travels 
back to the surface where it is registered by a receiving 
antenna, resulting in a so called radar trace (fig 14). The 
depth of the buried structures can be calculated as the 
antenna registers the elapsed time from signal transmission 
to reception. If the speed, with which the radar wave travels 
through the soil, can be estimated, the elapsed time (in ns) 
can be converted to depth (in m). As several radar traces are 
stacked next to each other a stratigraphic image or, more 
precisely, a radar reflection profile, is created. This image 
contains information about soil and structures situated 
beneath the instrument and the surveyed line (see fig. 14). 
The signal decreases in strength while traveling downwards 
and only parts of the pulse travel back to the surface when 
being reflected, the rest of the pulse continues downwards to 

the next re-
flecting interface. How fast the radar wave travels 
through the soil depends on several factors where 
the most important one is the soil material and its 
electrical characteristics through which the waves 
must pass. Air radar waves travel at the speed of 
light which is equal to approximately thirty 
centimeters per nanosecond. The velocity of these 
waves decrease to almost fifteen centimeters per 
nanosecond when they travel through dry sand. If 
the signal afterwards passes a layer of humid sand 
the radar wave’s velocity will further decrease to 
approximately five centimeters per nanosecond 
(Conyers 2006). This means that only on interfaces 
between units where there is a change in the radar 
wave velocity reflections can be generated and 

registered by the antenna (Conyers & Goodman 1997:25ff; Conyers 2004). Though remnants 
of brick and stone foundations can be detected without any major problems it is still the 
contrast between the soil layers electrical resistance that is crucial for how well the GPR is 
working or not (Gaffney & Gater 2003: 47ff). Even though GPR measurements have been 
successfully carried out in fresh water, placing the antenna on a boat or canoe (as long as 
there is no salt water present), ice or snow (Conyers 2012), humidity or moisture in the soil 
and on the soils surface have been seen as a disadvantage for this method, especially for soils 

Fig. 14: radar gram as presented to the 
prospector during survey (Conyers 2012:26).  

Fig. 13: Illustration recording of a 
hyperbola from a cylindrical object 
where T= two-way travel time, x= 
horizontal distance to the 
subsurface object, z= depth to the 
subsurface object, v= microwave 
velocity in the ground (Conyers 
2013:49) 
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with clay contents. It has been believed that it would be difficult to achieve any good depth 
penetration from damp clay soils since the radar waves energy would be absorbed by it 
(Leckebusch 2001:18ff). This was proved wrong by Conyers who discovered that depth 
penetration in clay soils, to a high degree, is related to the presence of soluble salts. The 
electrical conductivity of soils and the antenna's frequency determine how deep the signal can 
penetrate into the ground (Leckebusch 2001:13f). As a result of their short wave lengths, 
smaller features can be detected with higher frequency antennas. However, lower frequency 
antennas can penetrate deeper into the ground than high frequency antennas (Gaffney & Gater 
2003:49; Conyers 2012:27). Therefore it is crucial to have a wider understanding of the 
environment at the survey site and knowledge about the depth and approximate dimensions of 
the archaeological features (Lawrence, Conyers & Goodman 1997:46).  

GPR measurements are most often carried out within a rectangular grid where the prospector 
pushes the antenna along pre-placed parallel survey lines and depending on how closely the 
data is gathered, these profiles can be processed into amplitude maps (see fig. 13) or 
interpolated into a three-dimensional cube (see fig. 15), giving the archaeologists more 
accessible information for the interpretation process (Conyers 2012:25f). Having created this 
cube it is possible to subdivide it further into horizontal images, also known as depth or time 
slices (Goodman 1995). How closely one will collect the data between the profiles depends on 
the smallest feature you are interested in to detect. As a guideline, the gap between the 
profiles shouldn’t be greater than 50 % of the size of the smallest feature (Viberg 2011; 2012). 
To increase the understanding of the detected features the time slices can be converted into an 
animated movie.  

 

3.2. GPR signal processing 

The collected radar reflection profiles have been processed before generating the depth slices 
and there are several filters available for the radargram signal processing (RSP). The applied 
filters for each area can be seen in table 1.  

Fig. 15: collected profiles from georadar processed into a rectangular cube to horizontal time slices 
(Viberg 2012:28) 
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Area Subtract 
DC-shift 

Move 
start 
time 

Correct 
max. 
phase 

Back-
ground 
removal 

Band-
pass 

Gain Band-
pass 

Migration/estimated 
radar wave velocity 
m/ns-1 

Borgmästarängen X X X X X X X Not applied 

Draken I X X  X X X X X (0,06) 

Draken II X X  X X X X Not applied 

Koppardosan X X  X X X X X (0,06) 

Urmakaren X X  X X X X Not applied 

Table 1: Applied filter for GPR survey areas in REFLEXW software.  

The filtering process must be adapted to fit every specific survey area or data set, however, 
several filters are used more frequently than others and these have been described below 
(Cassidy 2009:141).  

Background removal: The background removal filter is frequently being used to 
remove the noise or antenna ringing which can be seen as 
continuous horizontal reflections in the uppermost part of the 
reflection profile. By applying this filter one has to be aware 
that linear features, which might have been of interest, will be 
erased or that phantom reflections can be produced in the 
making (Cassidy 2009:154; Goodman & Piro 2013:46f). 

Bandpass: Depending on which frequencies and depths are the most 
interesting for the survey the bandpass filter will reduce the 
amplitudes at different frequencies. All amplitudes from over or 
under these frequencies must derive from the instrument itself 
(noise) or from frequencies of radios or mobile phones. For this 
survey an antenna with 500 MHz has been used and all data 
under 250 MHz and over 1000 MHz has been removed by using 
this filter (Goodman & Piro 2013:40). Generally it is said that 
the bandwidth should be 1.5 times the value of the antennas 
frequency (Cassidy 2009:154).  

Gain: Post processing gain filtering is used frequently and only 
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increases the strength of the recorded radar pulses collected on a 
deeper level and making them more visible. Reflections closer 
to the surface will not be affected by the same degree. During 
this process additional noise is being produced and added to the 
data and the bandpass filter has to be applied once more 
(Goodman & Piro 2013:37f). 

Migration: By using the migration tool, hyperbolic reflections are being 
matched to a digital hyperbola until fitting to the ideal form in 
the observed data, leaving only the correct position for the 
object behind. Depending on how fast the radar waves are 
travelling and hit a buried object, the hyperbolas differs in their 
form and can be used as an indicator for velocity calculations. 
In order to avoid so called “over/under data migration” it is 
crucial to apply the velocity setting correctly, hence if the 
velocity is too low a “smiley down” will appear on the 
hyperbolic in the radargram due to under processing, higher 
velocity settings create “smiley up” reflections instead because 
of over processing. (Cassidy 2009:159; Goodman & Piro 
2013:48ff). 

3.3. Research history  

Since the 1970’s the GPR has been a prospecting method for archaeological research (Bevan 
& Kenyon 1975) and one of the first surveys have been conducted in Chaco Canyon, New 
Mexico, USA, in 1974-76 by Vickers and Dolphin. The targets for these surveys were buried 
structures, such as walls, deriving from the Native Indian culture (Vickers & Dolphin 1975; 
Vickers et al. 1976). Shortly after Chaco Canyon, several GPR surveys were conducted in the 
eastern USA for detection of, for example, buried barn walls and storage buildings (Bevan & 
Kenyon 1975; Kenyon 1977). The interpretation process at this time was established from 
unprocessed and unfiltered reflections printed out on paper. Computer technology was not 
advanced at this time and time slices hadn’t been invented yet, and it could take days or 
weeks before any results would have been interpreted. Goodman suspected at this time that 
other interesting conclusions could be drawn if the data could be visualized in another way 
(Goodman et al. 1994; 1995). In the early 90’s Goodman developed a software program 
which used parallel reflection profiles into horizontal time/depth slices (Goodman et al. 
1995). This step, together with the ever advancing computer technology (Leckebusch 2003), 
completely transformed and revolutionized the interpretation opportunities for the GPR and 
collected data could now be processed and digitalized in only minutes. Since this day the 
popularity of GPR has increased year by year as a reliable prospection method for 
archaeological investigations in Europe and beyond (e.g. Becker 1995; Conyers & Goodman 
1997; Neubauer 2001; Linford 2006; Campana & Piro 2009; Gaffney 2008).  
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Due to the high clay content in the soils and the heterogeneous glacial till, georadar 
prospection surveys in Sweden can be difficult at times, but remains such as stone walls or 
stone pavements are features that can be detected by the GPR without any problems. The first 
archaeological GPR surveys in Sweden were carried out in Ystad and Malmö (Wilhlborg & 
Romberg 1980) at the end of 1970, however, due to the uncertainty towards the results at that 
time, no reports of surveys were published (Wihlborg 1980). The method had to be tested 
further and a survey was carried out at a Stone Age site Hindby mosse in 1980 (Romberg 
1980). Prior to the GPR survey, activities from the Stone Age had been found in the trenches 
though the data only showed a stone pavement from medieval times. The GPR survey carried 
out in Scania, Skateholm I, a Mesolitic cemetery, was the first published report in Sweden. 
The GPR data was proven to be correct through comparing the anomalies with the site 
excavations where graves could be found at the exact place of the radar anomalies (Bjelm & 
Larsson 1980). Another successful survey was conducted three years later at Skateholm II 
(Bjelm & Larsson 1984) and at the cemetery of Ajvide, Gotland, dated to the Stone Age 
(Burenhult & Brandt 2002). Further GPR surveys have, for example, been carried out in 
Uppåkra (Grassi 2001; Lorra et al. 2001; Biwall et al 2010) and Birka (Trinks & Larsson 
2007; Trinks et al. 2007; 2008; Trinks et al. 2010). 

Even though the GPR was introduced to the field of archaeology in the late 1970s; the method 
hadn’t been used frequently before 2005 in Sweden. This was partly caused by inexperienced 
GPR operators, the lack of teaching opportunities but also because of limited visualization 
techniques making the data difficult to interpret. Unpublished survey reports contributed as 
well to an inaccurate statistical value. The more frequent use of the GPR and geophysical 
prospection methods in Sweden started as late as in 2005 when the Archaeological Excavation 
Department of the Swedish National Heritage Board with help from the Vienna Institute for 
Archaeological Science and the Archeo Prospection group in Vienna worked together and 
successfully carried out a number of surveys in 2003 and 2004 (Viberg 2011:51f). However, 
the knowledge and technology have increased since and the GPR is a more common method 
in the field nowadays, nonetheless Sweden is still not on the same level as other countries 
(Viberg 2011; 2012). 

3.4. Problems and advantages of the methodology 

As mentioned in the chapter above, the geological conditions in Sweden are challenging in 
some parts of the country, but even the topography of the survey area has a direct impact on 
the results. If the antenna is tilting because of the terrain characteristics, the pulse will not be 
sent in the same direction as before; still the antenna believes the reflection point lies directly 
beneath it. This will create an incorrect image of the subsurface. Anomalies will also be 
recorded when the antenna is drawn over a tilt and loses ground connection (Viberg 2012).  

Large-area georadar surveys have been studied by Ernenwein and Kvamme and trace shifts, 
especially the shift of the first arrival in the GPR data could be detected. This occurred due to 
interruptions, e. g. battery failure, lunch break etc. (Ernenwein & Kvamme 2008). The same 
problem occurred in the processed data set from Borgmästarängen, where profiles were 
collected over a period of two days and with different weather conditions. The time slice, 
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showing a depth of 36.99 ns, clearly shows the change 
in moisture from the first day when the soil was dry 
and the second day when rain had fallen over night and 
later in the afternoon (see fig. 16). A clear break in the 
data is visible for the time when the batteries had to be 
switched. These misalignments of traces can be 
processed out of the data set by shifting the start time 
and setting a target time instead which allows 
anomalies being vertically aligned.  

Despite the problems archaeologist can stumble upon 
using this method, it also holds main advantages for the 
field of archaeology. The GPR is a non-destructive 
prospection method leaving almost no marks behind. 
Though it is still considered an extra cost to some 
employers, using the GPR prior excavation can lead to 
more efficient excavations due to the targeting of areas 
of special interests. Three-dimensional information of 
the surveyed ground can be gathered and visualized 
using this method and the subsurface features can be presented as a 3D animated film 
showing even unexpected structures (Conyers and Goodman 1997; Leckebusch 2001:18ff; 
Conyers 2013).  

 

 

 

 

 

 

Fig. 16: Time slice 36.99 ns, 1,84m, 
from Borgmästarängen showing 
trace shifts.  
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4. Results 

For this thesis GPR measurements have been carried out at four different sites in Sigtuna. The 
survey took place in October 2014 and required twenty-five working hours in the field where 
approximately 4.155 m² was covered. All survey area coordinates have been plotted in with 
an RTK-GPS from Trimtec for later registration in ArcGIS 10.2.2. 

A total of five survey areas have been established, where the site Draken is represented with a 
set of two due to its complicated and densely vegetated site characteristics. Data was collected 
with a profile distance of 25 centimeter and an inline sampling distance of 3 centimeter, in 
order to discover features which can relate to harbor features from the Viking Age or 
Medieval time, e.g. postholes or stone constructions. The results are presented in this chapter 
as time slices, which have been rectified in ArcGIS, and a georeferenced background map 
from 1862.  

Every survey area consists of at least three maps; one covering recent features including a 
historical map from 1862 and the 5 meter shore line level (fig. 27 & 38). The second map 
shows all archaeological features with the 5 meter shoreline (fig. 28, 39, 52, 64, 65, 66). A 
compilation of both, recent and archaeological features are presented in the third map with the 
1862 historical map and an orthophoto of Sigtuna (fig. 29, 40, 53, 64). Finally an 
interpretation table for every survey area has been compiled giving suggestions for possible 
interpretations (table 2 – 5). Three interpretation categories have been applied for these 
results: recent, archaeological and power lines. The recent features marked in the time slices 
describe remains dating to the 1800s to present day; features in the category archaeological 
can derive from the Viking Age or Medieval time (fig. 17-26; 30-37; 41-50; 54-63; 67-72). 

4.1. Urmakaren 

The topography and vegetation at this site differed from the other survey sites. The area is 
placed in a slope with an increase of elevation from south to north with numerous small 
mounds deriving from vegetation on its surface. This has resulted in a more tentative and 
almost impossible interpretation of the data set. The baseline was established on the west side 
of the area from north to south with 25 meters and measurements were carried out from the 
north-west corner in an 11 meters long west-east direction.  
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Fig. 18: Time slice 6,43 ns, 0,32m, with 
archaeological features marked green, recent 
features marked blue and pipelines marked brown. 
Background map from 1862. 

Fig. 17: Time slice 4,25 ns, 0,21m, with 
archaeological features marked green and recent 
features marked blue. Background map from 1862. 

Fig. 20: Time slice 10,80 ns, 0,54m, with 
archaeological features marked green, recent 
features marked blue and pipelines marked brown. 
Background map from 1862. 

Fig. 19: Time slice 8,61 ns, 0,43m, with 
archaeological features marked green, recent 
features marked blue and pipelines marked brown. 
Background map from 1862. 
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Fig. 22: Time slice 17,35 ns, 0,86m, with recent 
features marked blue. Background map from 1862. 

Fig. 21: Time slice 12,98 ns, 0,64m, with recent 
features marked blue and pipelines marked brown. 
Background map from 1862. 

Fig. 24: Time slice 23,89 ns, 1,19m, with recent 
features marked blue. Background map from 1862. 

Fig. 23: Time slice 19,53 ns, 0,97m, with 
pipelines marked brown. Background map from 
1862. 

Fig. 26: Time slice 28,26 ns, 1,41m, with recent 
features marked blue. Background map from 1862 

Fig. 25: Time slice 26,08 ns, 1,30m, with recent 
features marked blue. Background map from 1862 
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Fig. 27: Interpretation of all recent 
features from area Urmakaren with 
shoreline 5 meter – 3 meter and GPS 
coordinates of georadar survey area. 
Background map from 1862. 

Fig. 28: Interpretation of all 
archaeological features from 
area Urmakaren with shoreline 
5 meter – 3 meter and GPS 
coordinates of georadar survey 
area.  
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Table 2: interpretation table for survey area Urmakaren: 

figure 
time 
slice 

ns/meter 
recent/ 

archaeological 
possible interpretation 

17 40 4,25 ns/0,21 m recent 
 

archaeological 

upper layer of building, not on historical map. 
This structure can be seen on fig 17 & 18 

anomality could derive from courtyard from 
previous unknown building. This interpretation 
will be applied to all time slices due to heavy 
vegetation on site 

18 60 6,43 ns/0,32 m recent 

 

 

archaeological 

layer of building foundation as seen in fig. 17 

beginning of building as seen on historical map 
from 1862, this structure expands (see fig. 19 – 
22) 

see figure 17 

19 80 8,61 ns/0,43 m recent 

archaeological 

layer of foundation from building as seen on 
historical map from 1862, see fig. 18 

see figure 17 

20 100 10,80 ns/0,54 m recent 
 
 

archaeological 

Entire building foundation visible from historical 
map 1862. This structure is also visible in fig. 21 
& 22 

see figure 17 

Fig. 29: :Compilation of  all 
archaeological and recent 
features from area Urmakaren 
with shoreline 5 meter – 3 meter 
and GPS coordinates of 
georadar survey area. 
Background maps of 1862 and 
orthophoto of present Sigtuna. 
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24 220 23,89 ns/1,19 m recent beginning of bottom layer of building which is 
not on historical map, this structure expands and 
is seen on figure 17 & 18 

4.2. Draken I 

At Draken I a baseline of 34 meters was established at the south end of the area. 
Measurements were carried out from the south-western corner of the survey grid in a 31 meter 
long north-west direction.  

 

 

 

Fig. 30: Time slice 2,07 ns, 0,10m, with recent 
features marked blue and pipelines marked red. 
Background map from 1862. 

Fig. 31: Time slice 4,25 ns, 0,21m, with recent 
features marked blue and archaeological features 
marked green. Background map from 1862. 
 

Fig. 32: Time slice 6,43 ns, 0,32m, with recent 
features marked blue and archaeological features 
marked green. Background map from 1862. 

Fig. 33: Time slice 8,61 ns, 0,43m, with recent 
features marked blue, archaeological features 
marked green and pipelines marked red. 
Background map from 1862. 
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Fig. 34: Time slice 10,80 ns, 0,54m, with recent 
features marked blue, archaeological features 
marked green and pipelines marked red. 
Background map from 1862. 

Fig. 35: Time slice 12,98 ns, 0,64m, with recent 
features marked blue and pipelines marked red. 
Background map from 1862. 

Fig. 37: Time slice 17,35 ns, 0,86m, with 
archaeological features marked green and pipelines 
marked red. Background map from 1862. 
 

Fig. 36: Time slice 15,17 ns, 0,75m, with 
archaeological features marked green and 
pipelines marked red. Background map from 1862. 
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Fig. 38: Interpretation of all recent 
features from area Draken I and GPS 
coordinates of georadar survey area. 
Background map from 1862. 

Fig. 39: Interpretation of 
archaeological features 
from area Draken I with 
shoreline 5 meter – 3 meter 
and GPS coordinates of 
georadar survey area.  
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Table 3: interpretation table for survey area Draken I 

figure 
time 
slice 

ns / meter 
recent/ 

archaeological 
possible interpretation 

30 20 2,07 ns/0,10 m recent present stone walkway  

Foundation of first building on the left side as 
seen on historical map of 1862. This structure 
expands (see fig. 32 & 33) 

VA pipeline 

31 40 4,25 ns/0,21 m recent 

 
 
 
 
 
 
archaeological 

present stone walkway 

foundation of first building on the left side and 
second building on the right side as seen on the 
historical map from 1862 

VA pipeline 

pattern of postholes or stone construction, this 
pattern expands and changes (see fig. 32 – 34) 

Fig. 40: Compilation of all 
archaeological and recent 
features from area Draken I 
with shoreline 5 meter – 2 
meter and GPS coordinates 
of georadar survey area. 
Background map of 1862 
and orthophoto of present 
Sigtuna. 
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32 60 6,43 ns/0,32 m recent 

 
 

 

 
 
 
archaeological 

present stone walkway 

foundation of second building on the right as seen 
on the historical map from 1862 

wall structure belonging to first and second 
building as seen on the historical map from 1862 

traces of older stone walkway in the upper right 
corner 

pattern as in figure 31 with some additional 
abnormalities on the left which disappear in the 
next figure 

33 80 8,61 ns/0,43 m recent 

 

 

 

archaeological 

present stone walkway 

traces of older stone walkway in the upper right 
corner 

wall structure from figure 32 and foundations of 
first and second building 

VA pipeline 

a distinct pattern of stones or postholes 

34 100 10,80 ns/0,54 m recent 
 
 
 
archaeological 

see figure 33, except for first house on the left 
side, which is not clearly visible  

postholes and/or stone construction still visible 
without clear pattern 

35 120 12,98 ns/0,64 m recent 

 
 
 

present stone walkway 

VA pipeline 

end of wall structure 

36 140 15,17 ns/0,75 m recent 

archaeological 

VA pipeline 

pattern of possible harbor feature on the right side  

unclear pattern of stones appears on the left side, 
could derive from VA pipeline trench  

37 160 17,35 ns/0,86 m recent 

archaeological 

VA pipelines 

pattern of postholes and/or stone construction 
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4.3. Draken II 

At Draken II an 18 meter long baseline was established in the northern end of the site and 
measurements were carried out from the north-east corner in an 18 meter long southerly 
direction. At this site some profiles are less than 1 meter short due to modern (existing) 
vegetation.  

 

 

Fig. 42: Time slice 4,25 ns, 0,21m, with 
archaeological features marked green and recent 
features marked blue. Background map from 1862. 

Fig. 41: Time slice 2,07 ns, 0,10m, with 
archaeological features marked green and recent 
features marked blue. Background map from 1862. 

Fig. 44: Time slice 8,61 ns, 0,43m, with 
archaeological features marked green and recent 
features marked blue. Background map from 1862. 

Fig.43: Time slice 6,43 ns, 0,32m, with 
archaeological features marked green and recent 
features marked blue. Background map from 1862. 
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Fig. 46: Time slice 12,98 ns, 0,64m, with 
archaeological features marked green and recent 
features marked blue. Background map from 
1862. 

Fig. 45: Time slice 10,80 ns, 0,54m, with 
archaeological features marked green and recent 
features marked blue. Background map from 
1862. 

Fig. 48: Time slice 17,35 ns, 0,86m, with 
archaeological features marked green. Background 
map from 1862. 

Fig. 47: Time slice 15,17 ns, 0,75m, with 
archaeological features marked green and recent 
features marked blue. Background map from 1862. 

Fig. 50: Time slice 21,71 ns, 1,08m, with 
archaeological features marked green. Background 
map from 1862. 

Fig. 49: Time slice 19,53 ns, 0,97m, with 
archaeological features marked green. 
Background map from 1862. 
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Fig. 51: Time slice 23,89 ns, 1,19m, with 
archaeological features marked green. Background 
map from 1862. 

Fig. 52: Interpretation of 
selected archaeological 
features from area Draken 
II with 5 meter shoreline 
and GPS coordinates of 
georadar survey area.  
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Table 4: interpretation table for survey area Draken II: 

figure 
time 
slice 

ns/meter 
recent/ 

archaeological 
possible interpretation 

41 
42 
43 

20 
40 
60 

2,07 ns/0,10 m, 
4,25 ns/0,21 m 
6,43 ns/0,32 m 

recent 

archaeological 

present stone walkway  

abnormalities without interpretation due to 
signal interferences  

44 80 8,61 ns/0,43 m recent 

archaeological 

present stone walkway 

first construction patterns of possible harbor 
features 

45 
46 
47 

100 
120 
140 

10,80 ns/0,54 m 
12,98 ns/0,64 m 
15,17 ns/0,75 m 

recent 

archaeological 

current stone walkway 

clearer signals for construction patterns named 
above  

48 
49 
50 
41 

160 
180 
200 
220 

17,35 ns/0,86 m 
19,53 ns/0,97 m 
21,71 ns/1,08 m 
23,89 ns/1,19 m 
 

archaeological possible harbor construction pattern  

4.4. Koppardosan 

Koppardosan survey area had the least obstacles of all sites, except for a tree in the middle of 
the survey area. The author chose not to interpret visible reflections nearby the trees root 
system. The measurements could be carried out in approximately 2 hours. A baseline of 28 
meters had been established and data was collected from the northwestern corner in a 21 
meters long west-east direction.  

Fig. 53: Compilation of all 
archaeological and recent 
features from area Draken 
II with shoreline 5 meter 
and GPS coordinates of 
georadar survey area. 
Background map of 1862 
and orthophoto of present 
Sigtuna. 
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Fig. 54: Time slice 2,07 ns, 0,10m, with 
archaeological features marked green. 
Background map from 1862. 

Fig. 55: Time slice 4,25 ns, 0,21m, with 
archaeological features marked green. Background 
map from 1862. 

Fig. 56: Time slice 6,43 ns, 0,32m, with 
archaeological features marked green. 
Background map from 1862. 

Fig. 57: Time slice 8,61 ns, 0,43m, with 
archaeological features marked green. Background 
map from 1862. 

Fig. 59: Time slice 12,98 ns, 0,64m, with 
archaeological features marked green and pipelines 
marked red. Background map from 1862. 

 

Fig. 58: Time slice 10,80 ns, 0,54m, with 
archaeological features marked green. 
Background map from 1862. 
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Fig. 61: Time slice 17,35 ns, 0,86m, with 
archaeological features marked green and 
pipelines marked red. Background map from 1862. 

 

Fig. 60: Time slice 15,17 ns, 0,75m, with 
archaeological features marked green and 
pipelines marked red. Background map from 1862. 

 

Fig. 63: Time slice 21,71 ns, 1,08m, with 
archaeological features marked green. 
Background map from 1862. 

 

Fig. 62: Time slice 19,53 ns, 0,97m, with 
archaeological features marked green and pipelines 
marked red. Background map from 1862. 

Fig. 64: Compilation of all 
archaeological features and 
pipeline from area 
Koppardosan with shoreline 
5 meter – 3 meter and GPS 
coordinates of georadar 
survey area and tree. 
Background map of 1862 
and orthophoto of present 
Sigtuna. 
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Table 5: interpretation table for survey area Koppardosan: 

 

figure 
time 
slice 

ns/meter 
recent/ 

archaeological 
possible interpretation 

54 
55 
56 
 

20 
40 
60 

2,07 ns/0,10 m 
4,25 ns/0,21 m 
6,43 ns/0,32 m 

archaeological Beginning of possible harbor features, e.g. 
postholes and stones, visible over entire area. 
Pattern from baseline 10 meter inwards of 
special interest (rectangular). This pattern 
continues (see fig. 55-63) due to trench for 
VA pipeline.  

Fig. 65: Interpretation of 
selected archaeological 
features from area 
Koppardosan with 5- 3 
meter shoreline and GPS 
coordinates of tree.  

12,98 ns – 21,71 ns 

Fig. 66: Interpretation of 
selected archaeological 
features at 21,71 ns depth 
from area Koppardosan 
with 5- 3 meter shoreline 
and GPS coordinates of 
tree.  
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57 
58 

80 
100 

8,61 ns/0,43 m 
10,80 ns/0,54 m 

archaeological change in pattern, possible parts of original 
structure  

59 
60 
61 

120 
140 
160 

12,98 ns/0,64 m 
15,17 ns/0,75 m 
17,35 ns/0,86 m 

recent 

archaeological 

VA pipeline 

as above 

62 
63 
 

180 
200 

19,53 ns/0,97 m 
21,71 ns/1,08 m 

recent 

archaeological 

VA pipeline 

visible pattern of possible harbor 
construction 

 

4.5. Borgmästarängen 

Borgmästarängen’s baseline had been established with 78 meters from north to south at the 
east end of the area. Measurements have been carried out from the south corner of the survey 
area in an east-west direction of about 19 to 35 meters.  

 

 

Fig. 68: Time slice 4,25 ns, 0,21m, with 
archaeological features marked green and recent 
features marked blue. Background map from 1862. 

Fig. 67: Time slice 2,07 ns, 0,10m, with 
archaeological features marked green and recent 
features marked blue. Background map from 1862. 
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Fig. 70: Time slice 8,61 ns, 0,43m, with 
archaeological features marked green. 
Background map from 1862. 

Fig. 69: Time slice 6,43 ns, 0,32m, with 
archaeological features marked green and recent 
features marked blue. Background map from 
1862. 

Fig. 72: Time slice 12,98 ns, 0,64m, with 
archaeological features marked green, power 
lines marked red and the monaster ditch marked 
dark blue. Background map from 1862. 

 

Fig. 71: Time slice 10,80 ns, 0,54m, with 
archaeological features marked green, recent 
features marked blue, power lines marked red and the 
monastery ditch marked in dark blue . Background 
map from 1862. 
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Fig. 73: Interpretation of all 
recent features incl. 
monastery ditch from area 
Borgmästarängen and GPS 
coordinates of georadar 
survey area. Background map 
from 1862. 

Fig. 74: Interpretation of 
selected archaeological 
features, 6,43 ns – 12,98 
ns, from area 
Borgmästarängen with 
shoreline 5 - 3 meter, 
GPS coordinates of 
georadar survey area and 
monastery ditch.  
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Table 5: interpretation table for survey area Borgmästarängen: 

figure 
time 
slice 

ns/meter 
recent/ 

archaeological 
possible interpretation 

67 20 2,07 ns/0,10 m recent 

 
 

archaeological 

present stone walkway 

parts from previous house upper right corner 
as seen on historical map from 1862 

abnormalities without interpretation due to no 
visible patterns 

68 40 4,25 ns/0,21 m recent 

archaeological 

present stone walkway 

abnormalities could also derive from previous 
building in the lower part of the area 

69 60 6,43 ns/0,32 m recent 

archaeological 

present stone walkway 

signal interference from surroundings, no 
interpretation possible 

70 80 8,61 ns/0,43 m recent 

archaeological 

present stone walkway 

pattern on right side near baseline possible 
stone construction 

Fig. 75: Compilation of all 
archaeological and recent 
features from area Bor-
gmästarängen with shoreline 5 
meter – 3 meter, GPS 
coordinates of georadar survey 
area and monastery ditch. 
Background map of 1862 and 
orthophoto of present Sigtuna. 
 



41 

 

71 

72 

100 

120 

10,80 ns/0,54 m 

12,98 ns/0,64 m 

recent 

 

 

 

 
archaeological 

present stone walkway 

building foundation lower part of area as seen 
on historical map from 1862 

monastery ditch 

power lines 

archaeological features distributed to the upper 
part of survey area 

5. Discussion 

The area of Borgmästarängen has been considered the most promising area prior to the dataset 
evaluation, due to its location near the Viking Age and early Medieval shoreline. However, 
the data quality is in poor condition, as mentioned in chapter 3.4, and the interpretations 
should be taken with precaution. Nonetheless, distinct patterns of harbor features cannot be 
seen in the dataset. Wikström mentioned that remnants of at least three houses had been found 
in the 1985s trenches in the north-western corner (Wikström 2009:5f). The historical map of 
1862 shows two buildings, see fig. 76, one in the north-western corner and one in the north-
eastern corner, which are also visible in the geophysical results. It is not impossible to believe 
that at least one of the houses discovered in 1985 actually is from 1862. A clear pattern for 
possible harbor constructions on Borgmästarängen can however not be interpreted from the 
geophysical prospection. Remnants of recent activities such as the stone pathway and the 
drawing of cables on this area could be seen in the data as well as the monastery ditch leading 
from north to south (see fig 77). 

 

 

 

 

 

 

Fig. 76 to the left: 
Borgmästarängen 
from historical map 
of 1862 showing 
buildings 98, 99 and 
100 (@Lantmäteriet 
I2014/00691) 

Fig 77 to the right: 
Borgmästarängen time 
slice 12,98 ns, 0,64 m, 
showing power lines, 
cables, monastery ditch 
and some anomalies in 
both north-west and 
north-east corner. 
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The area of Urmakaren has been difficult to interpret as well due to heavy vegetation on site 
and no harbor related finds were present in the data. However, a house foundation with a 
possible courtyard, which is not visible on the historical map from 1862 showed up at 4.25 ns, 
0.21 m (see fig. 78+79). At a depth of 0.32 meter the layer continues and another foundation, 
this time from a building visible on the historical map, was 
detected.  

 

 

 

 

 

 

 

As for Koppardosan, the results from the georadar survey presented possible harbor features 
and a pattern of stones or postholes. This pattern starts quite early at 0.10 meter, continues 
with some changes down to 1.08 meter and is situated between the estimated 4 and 3 meter 
shoreline. An accumulation of stones can be seen in this area and a possible pier should not be 
ruled out. The best radar profile of this pattern can be seen at 0.64 - 1.08 meter, see fig. 80, 
giving it an approx. 24 meter edge going from north-west to north-east and 23 meters from 
north to south. The width can be estimated to approx. 5 meter. The exact outlines are however 
difficult to determine, since not all of the anomalies appear in every time slice. One has also 
keep in mind that interpretations of anomalies near the tree were not considered due to its root 
system. Further investigations in Torggränd, which is situated on the left side of the survey 

area, would be 
interesting in 
order to find a 
possible con-
nection to the 
features in 
Draken I. 

  

 

 

 

Fig. 78 to the left: historical 
map from 1862. Georadar 
survey carried out on plot 59 at 
Urmakaren (@Lantmäteriet 
I2014/00691) 

Fig. 79 to the right: time slice 4.25ns, 
0,21 m. Not registered house 
foundation marked light blue. 

Fig. 80: Koppar-
dosan, showing 
the best inter-
pretation of the 
survey area with 
possible pier and 
harbor area. Left 
0.64 m, right 1.08 
meter. 
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In Draken I the historical map from 1862 shows two buildings in the south-west and south-
east corner connected with a stone wall (see fig. 81). These remnants could be detected under 
the survey beginning at 0.10 meter and 0.21 meter together with a wall structure visible at 
0.32 meter in the data. Traces of an older pathway have been found in the data at 0.32 and 
0.43 meter (see fig. 82). The stone structure from this area is situated between the 5 and 4 
meter shoreline with a clearer pattern in the eastern part of the survey area. This patterns 
dimension is approximately 10 meter x 12-17 meter and has been detected at a depth of 0.21 
meter to 0.75 meter (see fig. 83). However, the second stone construction in the western part 
of the survey area, which is not connected to the one in the east, is difficult to interpret 
properly due to its diffuse pattern. However, it can be a part of the same stone setting which 
was defined earlier by Savonen as a “stone construction of uncertain type” (Savonen 2002).  

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 81 to the left: Draken I 
approx. survey area marked 
red. Historical map from 
1862 with buildings 
(@Lantmäteriet 
I2014/00691) 

Fig. 82 to the right: Time 
slice 8,61 ns, 0,43 m. 
Houses from historical 
map marked blue, stone 
wall marked green and 
older pathway marked 
red. 

Fig. 83: Stone Constructions detected at 
Draken I with 5 and 4 meter shoreline. 
Possible harbor feature (10x12-17m) on 
the right, stone construction without 
possible interpretation on the right side.   
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The geophysical results of Draken II presented possible 
harbor features at 0.43 meter which expand and become 
clearer further downwards (0.54 – 0.75 m). A distinct 
pattern is visible at a depth of 0.86-1.19 meter showing a 
jetty-like construction of 3 meter width connected to a 
possible pier measuring 14 x 11 meters (see fig. 84). This 
interpretation is discussable, due to the vegetation on the 
site where no data could be collected. More possible 
archaeological features could be hidden beneath the 
surface which automatically would change this pattern 
completely. However, this area shows clearly features of 
higher reflections in the ground which derive from some 
kind of stone construction. 

 

 

The cultural layers in Sigtuna have been studied through various excavations and can be as 
thick as 3 meters, covering a time span from the 10th century to the 13th century, with thicker 
layers towards Stora Gatan and decreasing thickness towards the shore line. Through the 
placements of VA power lines the degradation level of archaeological material in these areas 
is higher and through higher oxygen levels and the rising of the ground water organic material 
will not be well-preserved over a longer time (Wikström 2005:36) which makes it difficult to 
find harbor related constructions in form of timber posts from the Viking Age and the early 
Medieval time. However, due to the fact that Sigtuna was never abandoned but expanding and 
underwent reconstructions until today (unlike e.g. Hedeby), the chances that the original 
harbor area have been destroyed in this process are very high. As previous studies already 
have shown, harbor related finds did occur in Sigtuna, though on a smaller scale. During 
excavations in 1995 – 1999 a number of clench nails, rivets, boat nails and two anchors have 
been discovered and can all be associated with harbor activities. One of the anchors found in 
the town plot Professorn was 169 cm long, 25 kilogram heavy dating to the 10th – 11th century 
and was taken, together with other finds, as evidence that larger ships had landed in Sigtuna, 
hence a larger harbor area must have been present at that time. During excavations in the area 
of Trädgårdsmästaren in 1988 – 1990 parts from a Slavic ship have been discovered (see fig. 
85) confirming trade connection to the eastern parts of the Baltic Sea (Edberg 1999:5f; 
Edberg 2010; 2012). Haithabu and Schleswig had connections to the Slavic people as well, 
which can be seen in the archaeological material in terms of ceramic and amphoras, showing 
just how well connected and ongoing the trade routes have been over years. The heading tool 
(spiksökare), a common tool in the Viking Age used for repairing of wooden planks from 
boats, found in Professorn has been suggested to belong to a shipyard (Edberg 2013:7) and it 
is to believed that boat reparations or some kind of boat related industry was situated here. 
The distribution pattern of harbor related finds in the figure above sets the georadar survey 

Fig: 84: Draken II. Interpretation of jetty-
like construction on Draken II. 
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areas in a possible location for harbor features and the area of Koppardosan stands out in the 
data.  

Even though the data collected from Borgmästarängen does not show any clear harbor and 
archaeological features, this area should be investigated once more, due to the problems 
which occurred during the survey. Especially due to the Viking Age shoreline which crosses 
1/3 of the areas upper part (see fig. 86) and its placement on the eastern periphery of Sigtunas 
Black Earth. Furthermore, the town plot Granhäcken, east of Borgmästarängen, had been 
investigated in 1985 and possible “hints” of stone piers were documented here (StadsGIS sfnr 
62185). Remnants of smaller bridges, stone constructions and timber (log) bridges 
(stockbroar) have also been found on the town plots of Trekanten, Trädgårdsmästaren 3, 
Handelsmannen 8-9 (Laurentinsgränd), Kopppardosan and Guldet 15 (see fig. 85). The 
conclusion that harbor related activities have occurred in Sigtuna can also be drawn from a 
couple of rune stones erected in the area, U379 & U391. Both rune stones mention a guild, a 
brotherhood of merchants. That these guilds should have been consisted of only Swedes for 
trading purposes with Frisian and Saxony has been rejected over time. Nowadays the research 
states that Frisian merchants were indeed present in Sigtuna for trading (These guilds can on 
the hand not be compared to the guilds from Europe or e.g. Hanse (Hanseatic League) from 
Germany. The guilds in Scandinavia were, for the most part, formed for protection and 
regulation of local interests, e. g. prices and materials (Ljung 1960:367; Forte et al. 2005:176).  

Fig. 85: Sigtuna, showing town blocks and distribution pattern. Georadar survey areas marked red and 
harbor related finds over time marked with green star (Douglas 1977:15) with alterations done by the author.  
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Considering the distribution pattern in figure 85 harbor features have even been detected east 
of the towns Black Earth and these areas could be of future interest as well. Due to several 
different construction stages a thorough investigation will unfortunately not be possible.  

If the ground-penetrating radar is the most suitable geophysical method for this thesis research 
questions is also discussable. For the investigation of harbor remnants other geophysical 
methods can be seen as more suitable. The author suggests therefore the conduction of 
surveys with different geophysical prospection methods, e.g. seismic, resistivity, to be able to 
provide better results. Both seismic and resistivity would have been available for this study at 
Kungliga Tekniska Högskolan. However, the GPR was chosen because of its high-resolution 
image processing, being amongst the most suitable prospection methods for city environments. 
Although the georadar survey detected interesting archaeological features, suggesting harbor 
features, they might not have been used in a manner like the ones in Hedeby and Schleswig. 
The question if Sigtuna had a larger harbor and could process the same types of ships like the 
ones going to Hedeby and Schleswig in the Viking Age/early medieval time can therefore not 
positively be answered yet. The town is surrounded by water on three sites and harbor related 
finds have been obtained from the soil in Sigtuna, but this must not mean that the town was a 
merchant town with constant long-distance trading. It must also be considered that, unlike 
Hedeby and Birka which had been abandoned, Sigtuna has been exposed to continuous 
building phases over time and harbor features might not have survived as mentioned before.  

Fig. 86: Map with georadar survey areas and the 5 meter Viking Age shoreline. Area above Viking Age 
shoreline marked white.  
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6. Conclusion 

The aim of this thesis was to combine the results obtained from the geophysical prospection 
with already existing information regarding Sigtuna’s Viking Age and/or Medieval harbor. 
The research questions have been stated as followed: 

� Which ground structures can be detected at the selected areas of interest?  

� If these structures can be interpreted as harbor constructions, how can they be 
understood in comparison to other late Viking Age and early medieval harbors from 
for example Hedeby and Schleswig?  

The sites Draken I, II and Koppardosan are the most promising areas from the georadar 
survey with possible harbor features, whereof Koppardosan stands out due to the clear pattern 
of the interpreted data. To conduct archaeological investigations to confirm the thesis results, 
especially from Koppardosan, would be desirable in the future. The detected (possible) harbor 
features can however not be compared to those from Hedeby and Schleswig. The harbor area 
of these towns have expanded over years and left multiple traces behind and Hedeby was 
abandoned which contributed to the fact that jetties and piers are in such good quality for 
further research of this town. The typical structure of harbor areas in these towns with piers 
and connected marked places cannot be applied to Sigtuna considering the collected data. To 
be able to answer the second research question more properly more data is needed, which can 
be collected through different geophysical prospection methods.  

The results from Koppardosan, Draken I & II are of quite different sizes and due to how these 
areas are situated in comparison to the Viking Age shoreline and to each other; further 
investigations would be interesting to conduct. 

7. Summary 

This thesis dealt with the results from georadar prospections collected from four different 
areas in Sigtuna; Borgmästarängen, Koppardosan, Draken and Urmakaren to answer the 
question regarding Sigtunas harbor from the Viking Age and Early medieval time. This thesis 
is also based on historical maps and harbor related archaeological material. In order to give a 
more understandable picture of the development of harbor areas during the Viking Age to 
early medieval times Birka, Hedeby and Schleswig have been included in this thesis.  

Harbor investigations in Birka, Hedeby and Schleswig have been of different character than 
those in Sigtuna. Due to the fact that Birka and Hedeby had been abandoned more 
archaeological features could survive in the soil and more research have been done over the 
years including metal detecting and geophysical surveys with different instruments and 
marine investigations on land and under water.  

The results obtained from the GPR survey in Sigtuna pointed out following areas with 
possible harbor features: Koppardosan and Draken I & II. These areas have been dated to the 
Viking Age and early medieval time due to their closeness to the 5 meter Viking Age 
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shoreline. The distribution pattern of harbor related finds supports a harbor area near the GPR 
survey areas and suggests that harbor features might also be found further east of Sigtunas 
Black Earth. Further support for harbor activities during the Viking Age, beside the 
archaeological materials obtained from the soil, can also be found through a couple of rune 
stones erected in the town (U379 & U391) which mention a Frisian guild.  

Further suggestions are made that measurements on Borgmästarängen should be carried out 
once more due to the condition of the data set. As for how the detected structures can be 
understood in comparison to those from Hedeby and Schleswig, the author recommends the 
collection of more data with other geophysical prospection methods.  
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