
Houses of a special character referred to as hall buildings 
in the literature, were constructed in Central Sweden from 
around the 4th century onwards (e.g. Herschend 1993, 
1998). These are more prominent than other houses and 
served other functions as well as that of dwellings. In the 
saga literature the hall is closely related to various forms 
of feasting (gästabud or banquets), gift giving, cults and 
other phenomena connected with the customs of the aris-
tocracy and their exercise of power (see Brink 1996; En-
right 1996; Herschend 1997, 2001; Lönnroth 1997; Sun-
dquist 2002). The special function of a hall building may 
have been restricted to a separate room in the house (sal) 
or in other cases it may have applied to the whole house. 
Although buildings labelled as halls share some common 
attributes, there are certain characteristics that distinguish 
between them with regard to their setting, architecture 
and find material. These differences may be difficult to 
grasp, however, because of the varying scale of the exca-
vations and the particular methods employed (Söderberg 
2005). Some of these differences may be explained by 
chronological changes or variations in the wealth of the 
farms they belonged to. Were all these ‘special’ buildings 
used for the same purpose, or did they fulfil different pur-
poses?  The Archaeological Research Laboratory (ARL) 
at Stockholm University (SU) excavated a prominent 
house foundation (Raa 131) in the parish of Botkyrka in 
2006 and 2007 and performed lipid analyses and elemen-
tal analyses on the occupational layer in order to obtain 
more insights as to whether there were several smaller 
rooms or a large room and to see what activities might 
have taken place in this particular building. 

Our notions regarding the cultural and social impor-
tance of food, drink and feasting in Iron Age society have 

been revised in recent years, and the importance of food, 
not only as a possible source of power but as a means of 
making and confirming differences and similarities be-
tween individuals and groupings in a society, has been 
stressed (see Herschend 1997; Isaksson 2000, Isaksson 
2003; Söderberg 2005). Hence the pottery use in a build-
ing may be of great importance for the understanding of 
the building. Lipid analyses have been carried out on ce-
ramics found in and around houses to get an indication of 
the practice and ideas of food preparation and how food 
culture was expressed. The results of lipid analyses per-
formed on ceramics from Alby have been compared with 
analyses of ceramics from contemporary settlements that 
all belong to a wealthy category (Vendel, Valsgärde and 
Tuna in Alsike). The ceramic material from Vendel comes 
from a three-aisled building that has been interpreted as 
a multifunctional house with a possible central ‘hall’ or 
representational area (sal) (Isaksson 2000). Seven of the 
samples from Vendel were found in a storage area and 
the remaining ones come from the potential representa-
tion or dwelling area. The ceramics from Valsgärde were 
collected from post-holes in a settlement context, close 
to a hall building and in the vicinity of a boat-grave cem-
etery, and are dated to c. 7th century (Norr 1997). Based 
on lipid analysis of the ceramics, these samples may rep-
resent some sort of estate buildings specially connected 
with the handling of vegetable products (Isaksson 2003). 
The material from Valsgärde is rather limited and consists 
of only 6 shards. The third set of material, comprising 
11 samples, comes from a cultural layer at Tuna in Al-
sike that has been dated to the 6th-7th century (Hjulström 
& Isaksson 2005). The whole deposit from which these 
samples were collected has been interpreted as residue 

PROMINENT MIGRATION PERIOD BuILDING

LIPID AND ELEMENTAL ANALYSES
FROM AN EXCAVATION AT ALBY, BOTKYRKA

SÖDERMANLAND, SWEDEN

Björn Hjulström, Sven Isaksson & Christina Karlsson

Jörn Hjulström, Sven Isaksson & Christina Karlsson

Acta Archaeologica vol. 79, 2008, pp 62-78
Printed in Denmark • All rights reserved

Copyright 2008
ACTA ARCHAEOLOGICA

ISSN 0065-101X



63

settlements with satisfactory results regarding dating and 
size have been excavated in the parish. Among the re-
cently excavated settlements are an imposing three-aisled 
house 50 metres long located on clay soil next to the bu-
rial ground at Skrävsta (Bratt & Wertwein 1999), and a 
terraced house dated to the Late Roman Iron Age - Mig-
ration Period situated in the Eriksberg industrial area, c. 
500 metres west of Raa 131 (Schützler 1996).

The closest non-excavated Iron Age remains to the 
house foundation are the Early Iron Age stone settings 
at Raa 132 and 333. The two burial grounds Raa 124 and 
130 both have similar grave forms, with mounds and sto-
ne settings, and can be dated to the Migration Period - Vi-
king Age (see Figure 2). Two features recorded as heaps 
of fire-cracked stones are located only 20-30 metres south 
of the foundation, but their shape and location made us 
believe that they were graves. An unpublished geophysi-
cal and geochemical investigation showed that the con-
ductivity in the middle of the construction differed from 
that at its edges and the phosphate content was low and 
evenly distributed, which should not be the case if it is a 
heap of fire-cracked stones. Hence it is more likely that 
these are indeed graves, and if so, they should be more 
or less contemporary with the house foundation. Raa 131 
has been surrounded by known farm and hamlet sites (Äl-
vesta, Alby, Segersby and Nibble) during historical times, 
although none closer then 0.5 km. 

THE ALBY PLATEAu
The House Foundation
The location for the house was obviously chosen by the 
builders (or the person who engaged them) in order to be 
as prominent and scenically central as possible. In this 
respect the natural ridge of Raa 131, a spike protruding 
from a larger till and bedrock elevation, was a perfect set-
ting (see Figure 3). It was evident prior to the excava-
tion that the plateau had been strengthened with a stone 
terrace around the eastern gable and a row of stones (Ø 
50-150 cm) along the north side, and it became clear from 
the trial excavation that there had been buildings stand-
ing on the plateau, for which a date between the 5th and 
9th centuries was suggested (Hjulström 2006:7). As seen 
in Figure 3, there are considerable slopes on all sides ex-
cept at the western gable. The less steep area on the long 
southern side is believed to be a ramp leading to the en-
trance to the house.

largely from feasting activities and the preparation of 
food (Olsson & Isaksson 2007). The samples from Alby 
will also be compared here with pottery use in more ex-
plicitly ritualised contexts, i.e. as found in contemporary 
mortuary practice (Forsgren 2007).

THE MIGRATION PERIOD 
LANDSCAPE AT ALBY
Ancient Monuments, Finds and Landscapes
Botkyrka, situated by Lake Mälar, c. 15 km southwest of 
Stockholm, is close to several important Iron Age sites, 
such as Helgö, Birka, Adelsö and Gåseborg (see Figure 1). 
Its proximity to the waterways of Lake Mälar and to the 
historical main road to Götaland (götalandsväg), makes it 
centrally located with regard to both significant sites and 
communication routes. In earlier times, when roads fol-
lowed natural features rather than arranged paths, the road 
to Götaland most probably followed the heights from the 
passage between Lake Alby and Lake Tullinge and passed 
the excavated house foundation Raa 131 (see Figure 2). 
Björn Ambrosiani drew attention to the area’s importance 
in 1964 and discussed the history of the parish from the 
Bronze Age up to the Viking Age, while Åke Hyenstrand 
(1974) used Botkyrka as an area site for his evaluation of 
settlement organisation during the Iron Age.

The northern part of the parish Botkyrka, together 
with the excavation site (Raa 131), is shown in Figure 
2. The richest Migration Period and Vendel Period bu-
rials in the parish are found at Hundhamra (Raa 8) and 
Skrävsta (Raa 36). The main burial in the large mound 
at Hundhamra, the largest in the parish (39-46 metres in 
diameter x 6 metres in height), contained a fragment of a 
gold hilt of a sword, a scabbard of silver and part of a gil-
ded bronze fitting, all dated to c. 650-700 AD. (Nerman 
1961), while a grave with quite ordinary superstructure at 
Skrävsta contained artefacts of the highest quality, such 
as a Frankish garnet sword pommel and fragments of a 
spear, shield and helmet (ATA dnr 1968/40). Several Mig-
ration Period burial grounds of more ordinary character 
were excavated during the construction of the residential 
township of Alby just north of our excavation site (e.g. 
Raa 115, 116 and 120) (see Bennett 1987). The richest 
stone setting from Raa 120 contained a fragmentary relief 
brooch and clasp button, together with a fragmentary ani-
mal head of bronze and more exclusively a fragmentary 
comb with a early runic inscription (Bennett 1972). Few 
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Figure 1. The parish of Botkyrka and its surroundings. Tälje and Stockholm are situated on inlets from the Baltic Sea to Lake Mälar. The location of 
the map is shown in the inset.

Figure 2. Map of northern Botkyrka showing the positions of the sites mentioned in the text. The topography is a typical Mälar Valley setting with 
a fissure-valley landscape. Till and bedrock are shown in grey and the clay-filled valleys in white. Important modern roads are shown as points of 

reference.
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in their holes, it is easy to favour the interpretation that 
house 1 is the earlier of the two.

The roof-bearing construction in house 1 evidently 
consisted of three evenly placed trestles located 6.2 and 
6.1 metres apart. House 1 is both longer and wider than 
house 2. Five stake holes situated in a row along the 
southern side follow the same direction as house 1 and 
are interpreted as a part of the wall. As is often the case 
with similar buildings, it has not been possible to identify 
the gable construction, although various suggestions can 
be made.

House 2 is very similar in layout to house 1, although 
it is 2 metres shorter as measured between the outer pair 
of posts and there is a slight deviation in the direction 
(1.5 degrees). In contrast to house 1, house 2 was not dis-
mantled, and the carbonised posts were still in situ in their 
stone-lined holes. As with house 1, it is not possible to 
conclude the construction of the eastern gable, but at the 
western end it is possible that one post belonged to the 
gable construction, since it bore a greater similarity to the 
roof-bearing posts. The post-hole was lined with stones, 
and even though the post was not carbonised there were 
mouldy traces of it to be seen. Three smaller posts are in-
terpreted as remains of the northern wall. The reason for 
connecting these posts with house 2 rather than house 1 
is that the distance would be slightly too short compared 
with the southern wall of house 1. In the southwest is a 
furrow, 3 metres long, running in the same direction as 
house 2 and interpreted as related to the wall.

Although no architectural evidence of an entrance was 
recovered, we hypothesize that the entrance was located 
on the south side of the building, since that area is so-
mewhat flatter and gives easier access to the house. Also, 
there is some stone packing in line with the wall posts for 
house 1 and the traces of both the wall of house 1 and the 
furrow related to house 2 end just there. No architectural 
evidence of internal dividing walls was to be found. Such 
walls have previously been shown to coincide with roof 
support posts, as recognized by soil chemistry (Isaksson 
et al. 2000), and the house is divided into four hypotheti-
cal rooms based on the trestle positions.

One of the roof-bearing posts from house 2 was sent 
to the Laboratory for Wood Anatomy and Dendrochro-
nology at Lund University, where it was concluded that 
the type of wood that had been used was pine and the age 
of the tree when it was cut down was estimated to have 
been 70-90 years, although only the first 60 rings from 

The excavation showed that the stone terrace around 
the eastern gable consisted of several layers of stones (Ø 
6-50 cm) up to 50 cm thick, while another smaller patch 
of stone packing with only one layer of stones is linked 
to the principal row of stones in the northwest. These 
stone terraces were not the only layers that had been 
brought in, however, as beneath them, covering the eas-
tern half of the plateau and running along both long sides 
all the way to the western gable, was a layer of gravely 
sand that was thickest at the eastern gable and northeast 
of the long side (5-30 cm) and only a few centimetres 
deep in the southwestern and middle parts (see Figure 4). 
The function of the row of stones on the northern slope 
became more evident during the excavation; it was in-
tended to keep the layer in place at the point where the 
slope was steepest.

The Buildings
Two three-aisled houses subsequently stood on the pla-
teau. Both had a roof-bearing construction with a pair of 
posts forming three interlinked trestles, as shown in Fig-
ure 4. Since none of the features of the two houses over-
lap, it has not been possible to see in which order they 
were erected, but since house 1 had been dismantled once 
it was abandoned while the posts in house 2 had been left 
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Figure 3. Contour map of the location of the house (grey) illustrating its 
enhanced position in the landscape.
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ics, fragments of loom weights, burned clay (including 
some with the imprints of twigs that was presumably 
from the wattle and daub walls) and a glass shard. This 
latter, which measures only c. 1 x 2 centimetres, is green 
in colour with an on-laid glass thread in the same colour. 
The glass is of a fairly typical species which has been 
found repeatedly at wealthy settlements dating from the 
Migration Period (e.g. Helgö and Tuna in Alsike). The 
imported built-up layer mostly contained burned bones, 
but also some ceramic shards, while both burned bones, 
ceramics and resin caulking were found in the layer from 
the trench outside the entrance. Three of the shards had 
small decorative knobs on the rim. 

The osteological assessment of the bones yielded a 
rather surprising result, with human bones identified 
in three contexts. One certain and two probable human 

the centre outwards were intact (Hans Linderson, pers. 
comm). It was not possible to date the post from the den-
drochronological sequence, but three annual rings with 
known intervals were sent for 14C analysis (see Table 1). 
Matching of the results gives a probable year of felling 
in the interval 436 - 480 1σ (see Table 2). The interval is 
extended by the fact that the actual age of the tree is not 
certain, but even so the date is unusually precise.

Finds and Offerings
The fact that the total weight of all finds was just over 
600 grams gives the impression that the houses had been 
carefully tidied. Most finds were made in the occupation 
layer, the fill in the eastern terrace and the layers outside 
the entrance. Among the finds in the occupational layer 
are two unidentified iron objects, burned bones, ceram-

Acta Archaeologica

Figure 4. Plan of the excavation. Features interpreted as belonging to the same house are given the same colour, while other features are white. Note 
that the northern post-hole in the western trestle of house 2 is covered by a root system. The root system around the oak in the eastern part of the house 

partly covers a hearth.
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ered more or less the full area of house 2. The layer had a 
homogeneous mineral composition and since the pattern 
of several nearby samples has a similarly deviant elemen-
tal composition, this is most probably explained by an-
thropogenic influences. Visible organic material such as 
roots and charcoal was removed. Samples were partially 
crushed with a pestle and mortar and subsequently sieved 
to obtain a particle size fraction of 0.07 mm - 0.5 mm. 
The potsherds were carefully collected during excavation 
and wrapped in aluminium foil. They were never handled 
with bare hands. All the samples were stored frozen until 
analysed.

Lipid Extraction and Derivatisation
A 1-3 g sample was ground off each potsherd after remov-
ing the outer millimetre in order to avoid contamination 
from the soil. 5 g of the same fraction as for the element 
analyses was analysed in the case of the soil samples. The 
lipids were extracted into a chloroform/methanol (2:1) 
solvent by sonification. with n-hexatriacontane (C36) 
added as an internal standard. Following centrifugation, 
the extracts were transferred to a vial and the solvent 
removed with a stream of nitrogen. The lipid residues 
were treated with bis(trimethylsilyl)triflouracetamide 
with 10% (v) chlorotrimethylsilane to produce trimeth-
ylsilyl derivatives and analysed by gas chromatography 
and mass spectrometry (GC-MS). The derivatisation and 
GC-MS parameters were the same for both soil lipids and 
lipids from the ceramics.

Gas Chromatography – Mass Spectrometry
The analysis was performed on a HP6890 Gas Chroma-
tograph equipped with a SGE BPX5 capillary column 
(15 m x 220 μm x 0.25 μm). Injection took place by the 
pulsed splitless technique (pulse pressure 17.6 Psi) at 
325°C through a Merlin Microseal™ High Pressure Sep-
tum. The oven was temperature-programmed with an ini-
tial isothermal of 2 min at 50°C per minute to 350°C, fol-
lowed by a final isothermal of 15 min at this temperature. 
Helium was used as the carrier gas and kept at a constant 
flow of 2.0 ml per minute throughout the analysis.

The GC was connected to a HP5973 Mass Selective 
Detector via an interface with a constant temperature of 
325°C. The compounds separated were fragmented by 
electronic ionisation (EI) at 70eV. The temperature at the 
ion source was 230°C, and the mass filter was set to scan 
between m/z 50 and 700, providing 2.29 scans per second. 

bone fragments were identified in the stone construction 
around the eastern gable, fragments of human cranium 
were identified in layers outside the entrance and in the 
imported layer, and there were also fragments of dog jaw-
bones in both of these layers. One explanation could be 
that the foundations are situated on an older burial ground 
with indistinct cremation graves, but there were no tra-
ces whatsoever of any activity on the site earlier than the 
construction of the houses. The closest graves (Raa 132 
& 333), which have the appearance of being older than 
the house, are located c. 120 metres from the terrace, but 
they are easily visible and it is unlikely that the imported 
material could have been taken from the burial ground by 
accident. In addition, the sandy material that was used for 
the foundations of the houses can be found much closer 
to the house. Hence there are several indications that the 
human bones had been incorporated in the foundations 
intentionally. 

Offerings of human origin are often said to be the 
most prestigious or powerful of all (see Carlie 2004), but 
the human material from the Alby house is not interpreted 
as an offering per se, which would imply that a human 
life had been taken, but as an action where the dead, pos-
sibly from an older grave context, were incorporated in 
the foundations. Since there is no known contemporary 
equivalent house offering in the area around Lake Mälar, 
the closest parallel is a Migration Period house at Brista, 
in the parish of Norrsunda, Upland, where a child was bu-
ried in a post-hole (Renck 2000). It is probable, however, 
that this burial had not taken place when the house was 
erected but directly after it had been destroyed by fire.

House offerings differ with regard to the building con-
cerned and the milieu that it belongs to. What they have 
in common, however, is that they seem to represent an 
aspiration for prosperity, either for the household or for 
the kin or perhaps the region. This raises the question of 
the character of the Alby house. Through analogies with 
ethnographic material, the deposition of human bones can 
be seen as an expression of an ancestral cult and that the 
presence of the ancestors gave protection and blessing 
(Artelius 1999; Hardacre 1987).

METHODS
Sample Preparation
The soil samples were collected in a 2-metre grid system 
from a dark occupational layer c. 2-5 cm thick that cov-
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δ13CC18:0 values shows that there are statistically sig-
nificant close correlations between these measures (n = 6, 
r = 0.905, r2 = 0.820, t = 4.26, p = 0.013). There is a sta-
tistically significant difference (t=3.101, df=4, p=0.0362) 
in the C17:0branched /C18:0straight ratios between sam-
ples characterised as ruminant or milk (C17:0branched 
/C18:0straight ratio > 0.020) and samples characterised 
as non-ruminant (C17:0branched /C18:0straight ratio < 
0.0077). Based on these observations the C17:0branched 
/C18:0straight ratio was used as a proxy variable for the 
isotopic data in this paper. Certain triunsaturated alkanoic 
acids (C16:3, C18:3, C20:3) are transformed to ω-(o-
alkylphenyl)alkanoic acids when heated (Matikainen et 
al 2003:567f). C18 is an indication of plant oil, but to-
gether with C16 and C20 it denotes marine animal resi-
dues (Isaksson et al. 2005; Hansel et al. 2004; Olsson & 
Isaksson 2007). Heating can start reactions between free 
fatty acids that produce ketones, which thus serve as an 
indicator that the vessel has been used for cooking (Ever-
shed et al. 1995).

All the shards from Alby showed traces of lipids of 
animal origin, either through the presence of cholesterol 
or a high C18:0/C16:0 ratio, often both of these indica-
tors combined. The only exceptions were samples 9 and 
15, where the ratio was not as evident, although choles-
terol was identified on both shards. All the samples also 
had an input from plants, as indicated by phytosterols, 
wax residues and also phytanic acid in two samples. No 
traces of cooking or heating as indicated by ketones or 
ω-(o-alkylphenyl)alkanoic acids could be identified, but 
diterpenes and triterpenes in quantities that indicate smo-
ke were found in 6 samples. The Alby material therefore 
shows a fairly homogeneous composition. All the samp-
les contained lipids of both animal and vegetable origin, 
and in six cases there were indications that the animal fat 
was derived from ruminants. There were no traces of hea-
ting, suggesting that the vessels had been used as serving 
dishes rather than cooking vessels.

The pottery use classifications for Alby and the sites 
taken for the comparison are presented in Figure 5. There 
was a statistically significant difference in pottery use 
between Alby and each of the other sites when compared 
individually, as seen in Table 3. The main difference bet-
ween Alby and Vendel is that no vessel from Alby had a 
purely vegetable content and that there was no indication 
of ruminant fat in the ceramics from Vendel. It is inte-
resting, however, to see that when the samples from the 

The temperature of the mass filter was 150°C. The data 
were processed using the HP Chemstation™ software.

Atomic Absorption Spectrophotometry (AAS)
The elemental analyses were performed using a Z-5000 
Polarized Zeeman AAS to determine the concentrations 
of calcium (Ca), copper (Cu), iron (Fe), potassium (K), 
magnesium (Mg), manganese (Mn) and zinc (Zn). For 
each sample 1 gram of soil was digested with 10 ml Aqua 
Regis (nitric acid : hydrochloric acid vv 1:3) in a MARSX 
microwave oven ramped for 20 minutes to 175°C and 
held there for 10 minutes. The samples were filtered and 
the filtrate diluted to 25 ml and then by a suitable factor 
depending on the element to be analysed. The concentra-
tions in the solutions were measured and recalculated to 
concentrations in the soil, presented as parts per million 
(ppm).

Analysis of Lipids on the Ceramics
Unglazed pottery may adsorb lipids (fats, oils, waxes) 
from foods or other products stored or processed in them 
(see Evershed et al. 2001). The process by which lipid 
residues are formed is complex, and it may prove difficult 
to determine exactly what went into a pot (see Barnard et 
al. 2007). Lipids from pottery most probably represent 
the last or last few uses of a vessel (Craig et al. 2004). The 
composition of the lipid residues was employed to place 
the samples in a number of broad use classes based on the 
following assumptions. The presence of cholesterol is ev-
idence of animal lipids and the detection of phytosterols, 
waxes or wax residues is indicative of plants (see Char-
ters et al. 1997). A high ratio of C18:0 to C16:0 alkanoic 
acids (> c. 0.5) is a typical sign of a contribution from 
terrestrial animal lipids and a low ratio for plant or fish 
lipids. For the positive identification of milk and rumi-
nant lipid residues the analysis of stable carbon isotopes 
of individual alkanoic acids (δ13CC16:0 – δ13CC18:0) 
by gas chromatography combustion isotope ratio mass 
spectrometry (GC-C-IRMS) should be used (Evershed et 
al. 2001), although the ratio of C17:0 branched-chained 
fatty acids to C18:0 straight-chained fatty acids may be 
used as an indication of the contribution of ruminant fat 
in general, including milk (cf. Dudd et al. 1999:1480). 
Analyses of stable carbon isotopes of individual alka-
noic acids have been performed on a limited number of 
Iron Age potsherds from Sweden, and correlation of the 
C17:0branched /C18:0straight ratios with  δ13CC16:0 –   
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more often contains animal fat than that recovered from 
settlements and has not been cooked in, the vessel use at 
Alby has more in common with ceramics from a rituali-
sed context. The difference relative to the ceramics from 
the dwelling/representational area at Vendel is that those 
from Alby more often contain fat from non-ruminant ani-
mals.

GEOCHEMICAL ANALYSIS 
Elemental Analysis
Elemental analysis of soil samples has been used for a 
long time to identify sites and to obtain space-use and 
activity interpretations for archaeological structures (e.g. 
Aston et al. 1998; Middleton & Price, 1996; Wells, 2000; 
Terry et al., 2004; Cook & Heizer, 1965; Konrad et al., 
1983). Although the elemental signature of several ac-
tivities can be foreseen, it is difficult to connect the result 
to a specific activity (Middleton 2004). These analyses 
are nevertheless often successful in identifying different 
areas of activity, which in itself is of great interest in a 
house such as the one at Alby, where no other traces of 
space-use could be seen. The possibilities for identifying 
the activities increase when this approach is combined 
with lipid analysis, for instance.

storage area in the house at Vendel are removed, there is 
no statistically significant difference between Alby and 
the central area of the Vendel house, which had been a 
dwelling area with the possible function of a hall or re-
presentational area. One major difference between Alby 
and Valsgärde is that Alby has many more vessels with 
traces of animal fat, although it has a lower percentage of 
vessels with ruminant fat than at Tuna. Also, the ceramics 
from Tuna often show traces of cooking. Hence Alby is 
distinguished by the presence of a relatively high amount 
of animal fat, but with no traces of cooking, and the fact 
that 9 of the 15 samples had indications of fat from non-
ruminant animals.

Several statistically significant differences could be 
seen when Iron Age ceramics from burial contexts in 
the Mälar region (27 samples) were compared with ce-
ramics from settlements (79 samples) (Forsgren 2007). 
The ceramics from the settlements had more often been 
used to cook or heat food (χ2=5.76; df=1; p=0.016) and 
also included a higher proportion of vessels that contai-
ned lipids from agricultural products as their only con-
tents and when meat was identified a larger number of the 
vessels contained lipids from ruminant animals (t-test on 
the C17:0branched/C18:0straigth ratio, t=2.895; df=69; 
p=0.005) (Forsgren 2007). Since the food in grave goods 
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Figure 5. Bar-charts representing the percentage distribution of pottery use at four sites. The material is represented by 15 samples from Alby, 11 from 
Alsike, 6 from Valsgärde and 13 from Vendel. The samples from Vendel are shown both with and without the 7 samples from the storage area. A= 

Terrestrial animals; V=Vegetables; I=Ruminant animals; K=Cooking.
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hypothetical rooms 1 and 2, space-use area 3 traverses 
rooms 2 and 3, and space-use area 5 traverses rooms 2, 3 
and 4. These are strong indications that at least rooms 2, 3 
and 4 constituted one open space, although separated into 
a number of space-use categories which are not related to 
the room division. The box and whisker chart in Figure 
11 shows the mean and standard deviation for each ele-
ment in each space-use area. The elements with enhanced 
values in area 3 are Ca, Fe, K, Zn and Mn, while Mg is 
depleted (see Figures 10 and 11). Area 3 and area 4 are 
rather similar, the only difference being that area 4 has 
lower Zn and Mn values and somewhat higher Fe. In area 
5, K is depleted while Mg is enhanced. Area 6 consists of 
only two samples, which detracts from the significance of 
the mean and standard deviation statistics. The samples in 
area 6 have enhanced Cu values but are otherwise rather 
similar to those in area 5.

The results are presented in the form of isopleth maps 
in Figure 7 , in addition to which a data set with standar-
dized values for all samples and elements was used for 
a principal component analysis. The first two principal 
components (PCs) account for 63% of the total varian-
ce. The factor loadings are shown in Table 4. Factor 1 
is mainly influenced by depleted K, Ca and Mn and en-
hanced Mg, while the two major features bringing about 
a high factor 2 are enhanced Zn and Cu.  The first two 
PCs for each sample are plotted in Figure 8, on the ba-
sis of which the samples can be grouped into three larger 
clusters, mainly by reference to factor 1. An isopleth for 
the factor 1 loadings is shown in Figure 7, and the dist-
ribution of the cluster from the PCA in Figure 9. Some 
space-use areas with internally similar elemental compo-
sitions can be distinguished on the basis of the isopleths, 
as shown in Figure 10. The space-use area 2 traverses the 
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Figure 6. Sampling and extent of the occupational layer (layer 2).
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Figure 7. Variations in Ca, Cu, Fe, K, Mg, Mn and Zn content across the occupational layer. Factor 1 plan show the scores for the first principal 
component in PCA as an isopleth. (obs several figures, included separately for now).
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in areas 2, 5 and 6 making the relative Mg value less in 
areas 3 and 4. Since K is depleted in area 5, a source other 
than ash accumulating along the walls must explain the 
enhanced Mg. Hence, the composition must depend on 
other parameters besides the hearth. The clearly divergent 
elemental values in area 5 cannot be given any clear-cut 
explanation. 

The floor layer may have been affected as a result 
of benches or other constructions along the wall, or else 
some more restrictive use may have been made of the 
area furthest away from the entrance. Fe and Zn are abun-
dant in meat and Mn is abundant in cereals, hence these 
elements can be seen as general indicators of food. All 
of them are elevated in area 3. The areas at the gables, 
area 1 and area 6, respectively, should probably be seen 
as refuse ‘traps’ where it has been difficult to tidy organic 
material away, resulting in divergent elemental values. 
As seen, even though some spatial differentiation can be 
seen, it is hard to identify specific activities from the ele-
mental composition of the floor layer in the house.

Lipid analysis
The internal relations between the three predominant 
long-chained fatty acids (FA) in each sample are shown in 

Although there are several pitfalls when elemental 
analyses are used to deduce activities and not only space 
use, as mentioned above, we should still consider what 
can be seen in the areas identified here. Apart from so-
mewhat enhanced Mn, the elemental values in room 1 
are not uniform and the room probably did not have any 
restricted function or activity.  The doorways and entran-
ces, which will have suffered more wear and tear, and 
repeatedly have low concentrations of chemical residues, 
due to erosion (Barba 2007, Middleton 2004). This can 
be observed to some extent for the proposed entrance to 
room 2 in the Alby house, except for Mg, which is clear-
ly elevated at the entrance. Wood-ash is rich in K, as a 
function of the uptake of this element by plants, and the 
archaeological significance of Ca should be more or less 
the same, as plants also take up large amounts of Ca. K 
combined with Mg has been used to identify areas with 
hearths (Middleton & Price 1996), and iIn a recent study 
enhanced K proved to be indicative of a stable (Hjulström 
& Isaksson, manuscript). When Ca accompanies K, as in 
areas 3 and 4, wood ash is a more likely source, but Mg 
is depleted in these areas , suggesting either a different 
origin for the enhanced K and Ca rather than ash from a 
hearth, or an activity that deposited a high amount of Mg 
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Figure 8. Scatter plot of the PCA results for all elements.
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Figure 9. Plan of the distribution of samples falling into different clusters in the scatter plot (Figure 8).

Figure 10. Areas distinguished by elemental analysis and the statistical analyses. Features belonging to house 2 are shown schematically. The rectangular 
feature shown with a broken line in room 3 is the partly excavated hearth.
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ling (Hjulström & Isaksson, manuscript) have repeatedly 
been identified in soil analyses by studying coprostanol 
and related compounds (see Eneroth et. al 1964; Leeming 
et. al. 1996). Since we could not detect coprostanol or any 
related compounds in the samples from Alby, it must be 
said that there are no traces of stabling in the house.

Previous studies have identified specific activities 
using certain markers and ratios with diagnostic rele-
vance. Culinary areas, for instance, have been identified 
through the analysis of sterols and their corresponding 
5α-stanol (Isaksson 1998). In a study of a reconstruc-
ted Iron Age house (Hjulström & Isaksson, manuscript) 
we were able to distinguish a dwelling and a dwelling/
cooking area based on the sterol ratio (cholesterol/[stig-
masterol + β-sitosterol + campesterol]), as this ratio was 
not only enhanced around the hearth, where cooking had 
taking place, but in the whole dwelling area, showing 
that spilling had also contributed to the sterol composi-
tion. Hence the ratio is not a marker of a specific activity 
such as food preparation, but a result of a more intensive 
use resulting in general debris from everyday activities, 
including food consumption. As individual compounds, 
stearic (C18) and palmitic (C16) fatty acids are not sour-
ce-specific. Biohydrogenation of the more abundant C18 
unsaturated fatty acids causes the ratio of C18/C16 fatty 
acids to shift and this ratio can thus be used for geoche-
mical source apportionment studies. In a study of surface 
soil and fugitive dust from open lot dairies and cattle 
feedlots, significant differences in the C18/C16 ratio were 
recognized, ranging from 0.2 in the reference samples to 
3 in the soils from the dairies and feedlots (Rogge et al. 
2006). Our assertion with regard to the use of the C18/
C16 ratio is that it may also be affected by other forms of 
organic input.

The sterol ratio and C18/C16 ratio results are shown 
in Table 5. The samples with a higher proportion of cho-
lesterol are fairly well concentrated in the house (see Fig. 
12) and correlate with the cluster 1samples in the PCA, 
being centrally located in area 3. Three of the four samp-

Figure 12. In seven of the nine samples from Alby are the 
C28 FA predominate, followed by C26. In an unpublished 
study we analysed reference soils from different vegeta-
tional surroundings in the Tyresta National Park, south of 
Stockholm, where land use during historical times is well 
documented. The FA distribution in the samples from 
Alby corresponds best to the references from a decidu-
ous forest with grass undergrowth. In two of the samples 
(47, 77), C24 and C22 respectively, were dominant, and 
these samples are more similar to the reference samples 
taken in a coniferous forest, where C22 FA was dominant, 
followed by C24, in six out of eight cases. Traces of dehy-
droabietic acid, which is widely used as a conifer biomar-
ker and is stable over geological time periods (Simoneit 
1986), could be detected in all the samples from Alby. 
Hence one of the conclusions from the lipid analysis is 
that the long-chained FA distribution reflects the present 
vegetation, which is dominated by sparsely growing de-
ciduous trees, such as oak and hazel, with some grass un-
dergrowth and occasional pinaceae growing nearby.

Traces of manuring (Allard, 2006; Jandl et al. 2005; 
van Bergen et al. 1997; Wiesenberg et al. 2004) and stab-

Figure 11. Box and whisker plots of mean values and standard deviations 
for the element concentrations in the space-use areas.
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Figure 12. The three dominant long-chained fatty acids in each soil 
sample.
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stead, it is possible that the results show that there was 
a division among the houses classified as hall buildings 
and that this type of house had been built for a particular 
purpose.

As mentioned above, Raa 131 is centrally located 
in the parish, and is surrounded by graves and burial 
grounds in all directions. Finds that probably belong to a 
late Bronze Age or Pre-Roman Iron Age settlement have 
been reported in the clayey field west of Raa 132, and it 
is possible that there was a farm located on the clay land 
that surrounds Raa 131 during the Roman Iron Age as 
well, although there are no visible remains of a settle-
ment from any period in the nearby till soils. In terms of 
the location of a historically known farm or visible traces 
of earlier farms one cannot connect Raa 131 or its house 
with any specific farm. 

Other known house terraces in the parish are of a 
more common type and probably represent dwelling 
houses, although prominent ones and possibly combined 
with a representational or ritual function, while Raa 131 
is the only one of its kind in the parish. It may be that the 
building did not belonging to one single farm but was of 
importance for several of the farms and hamlets that sur-
rounded it.

les with the highest C18/C16 ratio are the same as those 
with a high sterol ratio, coinciding with high Fe and Zn 
values. Moreover, the samples with a high C18/C16 ra-
tio are centrally located, showing a pattern that must be 
explained by the activities that have taken place in the 
house. The central area 3 was the most intensively used, 
and the activities that took place there have resulted in 
a sterol ratio and a C18/C16 ratio similar to reference 
samples from dwelling and food preparation areas. Since 
the ceramic analysis nevertheless shows that no evidence 
of food preparation can be seen in the house, the lipid 
ratios may be the result of spillage from the eating and 
serving of food in areas 3 and 4.

Feasting (with the Ancestors - for the Offspring)
The placing of human bones in the foundations of the 
house is an unusual form of offering for this time and 
region. We regard this desire to include the ancestors in 
the house as being intimately connected with its func-
tion and purpose. Houses located on a crest, creating a 
plateau-like position, are well-known from the Iron Age 
(Hedman 1991), even though few similar Migration Pe-
riod buildings have been excavated. We do not, there-
fore, consider this building and it finds to be unique. In-

Prominent Migration Period Building

Figure 13. Plan of sterol ratios and C18/C16 ratios in the samples. The samples with a high sterol ratio fall within activity area 2 and along the southern 
wall, and those with a high C18/C16 ratio have a similar distribution, 3 out of 4 being in activity area 2.
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the two. The glass beaker and the feasting in the hall al-
lude to the famous description of how Queen Waltheow 
received Beowulf in the great hall of Heorot (612-630).

”Wealtheow came in, Hrothgar’s queen, observing the 
courtesies. Adorned in her gold, she graciously saluted 
the men in hall, then handed the cup first to Hrothgar, 
their homeland’s guardian, urging him to drink deep and 
enjoy it because he was dear to them. And he drank it 
down like the warlord he was, with festive cheer. So the 
Helming woman went on her rounds, queenly and digni-
fied, decked out in rings, offering the goblet to all ranks, 
treating the household and the assembled troop until it 
was Beowulf’s turn to take it from her hand. With me-
asured words she welcomed the Geat and thanked God 
for granting her wish that a deliverer she could believe 
in would arrive to ease their afflictions. He accepted the 
cup, a daunting man, dangerous in action and eager for it 
always” (Transl. Heaney 1999).

The space-use areas that could be discerned from the 
elemental analysis suggest that there was a large open 
space (sal) in the house that was not divided by internal 
walls. As indicated by the sterol ratio and elemental com-
position, some spillage from eating may have occurred 
on either side of the hearth in areas 3 and 4. It is not pos-
sible, of course, to discuss the form and context in which 
the eating took place based only on the sterol ratio, but 
when the results of the excavations and the conclusions 
regarding vessel use are considered together, it is very 
possible that activities that included the consumption of 
food of cultural significance took place in the house. The 
exclusivity of the vessel use, for the serving of food with 
a high proportion of meat (especially from non-ruminant 
animals), demonstrates a close affinity to the ritual sphe-
re. According to the general conception of Iron Age gast-
ronomy, the food culture recognized in this Alby house 
could be interpreted as related to rituals or feasting, or 
both, since no clear-cut distinction can be made between 

Van Bergen, P. F., Bull, I. D., Poulton, P. R. & Evershed, R. P., 1997. 
Organic geochemical studies of soils from the Rothamsted Classical 
Experiments - I. Total lipid extracts, solvent insoluble residues and 
humic acids from Broadbalk Wilderness. Organic Geochemistry 117-
135.

Brink, S., 1996. Political and Social Structures in Early Scandinavia. 
A Settlement - historical Pre-study of the Central Place. TOR 28, pp 
235-281.

Bronk Ramsey, C., van der Plicht, J., & Weninger, B., 2001. ’Wiggle 
matching’ radiocarbon dates. Radiocarbon 43 (2A), pp 381-389.

Carlie, A., 2004. Forntida byggnadskult: Tradition och regionalitet 
i södra Skandinavien. Arkeologiska undersökningar, skrifter, 57. 
Stockholm.

Charters, S., Evershed, R. P., Quye, A., Blinkhorn, P. & Reeves, 
V., 1997. Simulation experiments for determining the use of ancient 
pottery vessels: the behaviour of epicuticular leaf wax during boiling of 
leafy vegetable. Journal of Archaeological Science 24, pp 1-7.

Cook, S. F. & Heizer, R. R., 1965. Studies on chemical analysis 
of archaeological sites. University of California Publications in 
Anthropology No. 2, Berkeley.

Craig, O. E., Love, G. D., Isaksson, S., Taylor, G. & Snape, C. 
E., 2004. Stable carbon isotopic characterisation of free and bound 
lipid constituents of archaeological ceramic vessels released by solvent 
extraction, alkaline hydrolysis and catalytic hydropyrolysis. Journal of 
Analytical and Applied Pyrolysis 71, pp 613-634.

Dudd, S. N., Evershed, R. P. & Gibson, A., M., 1999. Evidence 
for Varying Patterns of Exploitation of Animal Products in Different 
Prehistoric Pottery Traditions Based on Lipids Preserved in Surface and 
Absorbed Residues. Journal of Archaeological Science 26, pp 1473-
1482.

 LITERATuRE
Allard, B., 2006. A comparative study on the chemical composition 

of humic acids from forest soil, agricultural soil and lignite deposit: 
Bound lipid, carbohydrate and amino acid distributions. Geoderma 130, 
pp 77-96.

Ambrosiani, B., 1964. Fornlämningar och bebyggelse. Studier i 
Attundalands och Södertörns förhistoria. (KVHAA). Stockholm.

Artelius, T., 1999. Den döde vid dörren. Reflektioner kring för-
fäderskult utifrån fynd av människoben i två halländska långhus från 
järnåldern. Kring västsvenska hus. Boendets organisation och symbolik i 
förhistorisk tid (eds. L. Ersgård, E. Englund and T. Artelius). Göteborg.

Aston, M. A., Martin, M. H. & Jackson, A. W., 1998. The use of 
heavy metal soil analysis for archaeological surveying. Chemosphere 
37, pp 465-477.

Barba, L., 2007. Chemical residues in lime-plastered archaeological 
floors. Geoarchaeology 22(4): pp 439-452.

Barnard, H., Ambrose, S. H., Beehr, D. E., Forster, M. D., Lanehart, 
R. E., Malainey, M. E., Parr, R. E., Rider, M., Solazzo, C. & Yohe II, R. 
M., 2007. Mixed results of seven methods for organic residue analysis 
applied to one vessel with the residue of a known foodstuff. Journal of 
Archaeological Science 34, pp 28-37.

Bratt, P. & Werthwein, G., 1999. Hallen i Skrävsta. Arkeologisk 
för- och delundersökning av fornlämning 36, Botkyrka socken och 
kommun, Södermanland. Rapport Stockholms läns museum 1999:16. 
Stockholm.

Bennett, A., 1972. Gravfält och fynd från järnåldern: en kort 
översikt över 1970-1971 års utgrävningar i Botkyrka. Fornvännen 3-4, 
pp 239-254.

Bennett, A., 1987. Graven - religiös och social symbol: Strukturer 
i folkvandringstidens gravskick i Mälarområdet. Theses and papers in 
North-European archaeology 18. Stockholm.

Acta Archaeologica



77

Eneroth, P. K., Hellstrom, K. & Rhyage, R., 1964. Identification and 
quantification of neutral fecal steroids by gas-liquid chromatography 
and mass-spectrometry: studies of human excretion during two dietary 
régimes. Journal of Lipid Research 5, pp 245-262.

Enright, M. J., 1996. Lady with a mead cup. Ritual, property and 
landship in the European warband from La tène to the Viking Age. Four 
Courts Press, Dublin.

Evershed, R. P., Stott, A. W., Raven, A., Dudd, S. N., Charters, S. & 
Leyden, A., 1995. Formation of Long-Chain Ketones in Ancient Pottery 
Vessels By Pyrolysis of Acyl Lipids. Tetrahedron Letters 36, pp 8875-
8878.

Evershed, R.P., Dudd, S.N., Lockheart, M.J. & Jim, S., 2001. 
Lipids in archaeology. Handbook of Archaeological Science. (Eds. D.R. 
Brothwell & A.M. Pollard), Wiley, cop(??), Chichester.

Forsgren, A., 2007. Dödsgott med käk i kistan. Graduate thesis. 
Archaeological Research Laboratory, Stockholm University.

Hansel, F. A., Copley, M. S., Madureira, L. A. S. & Evershed, R. 
P., 2004. Thermally produced [omega]-(o-alkylphenyl)alkanoic acids 
provide evidence for the processing of marine products in archaeological 
pottery vessels. Tetrahedron Letters 45, pp 2999-3002.

Hardacre, H., 1987. Ancestors: ancestor worship. The Encyclopedia 
of Religion, Vol. 1, (ed. M. Eliade). Macmillan. New York.

Heaney, S. 1999. Beowulf. A new translation. Faber and Faber 
limited. London.

Herschend, F., 1997. Livet i hallen. Occasional Papers in 
Archaeology 14. Uppsala.

Herschend, F., 2001. Journey of civilisation. The late Iron Age view 
of the human world. Occasional Papers in Archaeology 24. Uppsala.

Hjulström, B., 2006. Arkeologisk förundersökning inom fastighet 
Botkyrka-Alby 15:32, RAÄ 131. Rapporter från Arkeologiska 
forskningslaboratoriet 5. Stockholm.

Hjulström, B. & Isaksson, S., 2005. Tidevarv i Tuna. Arkeologiska 
undersökningar i Tuna by, Alsike sn, Uppland. Rapporter från 
Arkeologiska forskningslaboratoriet 3. Stockholm.

Hyenstrand, Å., 1974. Central settlement - outlying districts: 
Principal structural, economic and administrative features in the late 
Iron Age in Middle Sweden. Studies in North-European archaeology 
5. Malung.

Isaksson, S., 1998. A kitchen entrance to the aristocracy - analysis 
of lipid biomarkers in cultural layers. Laborativ Arkeologi 10-11, pp 
43-53.

Isaksson, S., 2000. Food and rank in early medieval time. Theses 
and Papers in Scientific Archaeology 3. Stockholm.

Isaksson, S. 2000b. The culture of food in Early Medieval Middle 
Sweden. A pottery use perspective. Food and rank in early medieval 
time (Ed. Isaksson, S). Theses and Papers in Scientific Archaeology 3. 
Stockholm

Isaksson, S., 2003. Vild vikings vivre. Fornvännen 2003:4, pp 271-
288.

Isaksson, S., Olsson, M. & Hjulström, B., 2005. De smorde 
sina krås. Spår av vegetabilisk olja i keramik från yngre järnålder. 
Fornvännen 2005:3, pp 179-191.

Jandl, G., Leinweber, P., Schulten, H.-R. & Ekschmitt, K., 2005. 
Contribution of primary organic matter to the fatty acid pool in 
agricultural soils. Soil Biology and Biochemistry 37, pp 1033-1041.

Konrad, V. A., Bonnichsen, R. & Clay, V., 1983. Soil chemical 
identification of ten thousand years of prehistoric human activity areas 
at the Munsungun lake thoroughfare, Maine. Journal of Archaeological 
Science 10, pp 13-28.

Leeming, R., Ball, A., Ashbolt, N. & Nichols, P., 1996. Using 
faecal sterols from humans and animals to distinguish faecal pollution 

in receiving waters. Water Research 30, pp. 2893-2900.
Lönnroth, L., (1997) Hövdingahallen i fornnordisk myt och saga. 

”...gick Grendel att söka det höga huset...” Arkeologiska källor till 
aristokratiska miljöer i Skandinavien under yngre järnålder. Rapport 
från ett seminarium i Falkenberg 16-17 november 1995. (eds. J. Callmer 
& E. Rosengren). Halmstad.

Matikainen, J., Kaltia, S., Ala-Peijari, M., Petit-Gras, N., Harju, K., 
Heikkilä, J., Yksjärvi, R. & Hase, T., 2003. A study of 1,5-hydrogen shift 
and cyclization reactions of an alkali isomerized methyl linolenoate. 
Tetrahedron 59, 567-573.

Middleton, W. D. & Price. D. T., 1996. Identification of activity 
areas by multi-element characterization of sediments from modern and 
archaeological house floors using inductively coupled plasma - atomic 
emission spectroscopy. Journal of Archaeological Science 23: pp 673-
687.

Middleton, W. D., 2004. Identifying chemical activity residues 
on prehistoric house floors: A methodology and rationale for multi-
elemental characterization of a mild acid extract of anthropogenic 
sediments. Archaeometry 46: pp 47-65.

Nerman, B., 1961. Till vilken ätt ha de stora gravhögarna vid 
Norsborg i Botkyrka socken hört? Fornvännen 2-3, pp. 97-109.

Norr, S., 1997. (Ed.) Rapport från utgrävningarna i Valsgärde. 
Svealand i Vendel och vikingatid. Uppsala.

Olsson, M. & Isaksson, S., 2007. Molecular and isotopic traces 
of cooking and consumption of fish at an Early Medieval manor 
site in eastern middle Sweden. Journal of Archaeological Science, 
doi:10.1016/j.jas.2007.06.009

Renck, A. M. 2000. Den helgade marken: ritualen som dokument. 
Människors platser (ed. L. Ersgård). Stockholm.

Rogge, W. F., Medeiros, P. M. & Simoneit, B. R. T., 2006. Organic 
marker compounds for surface soil and fugitive dust from open lot 
dairies and cattle feedlots. Atmospheric Environment 40, pp 27-49.

Schützler, L., 1996. Arkeologisk fosfatkartering, provundersökning 
och delundersökning: Ett boplatskomplex från yngre brons- och 
järnålder vid Eriksbergs industriområde, Södermanland, Botkyrka 
socken, Tumba 7:2, Eriksberg 2:1, RAÄ 108, 331. Rapport UV-
Stockholm, Vol. 1996:87.

Simoneit, B. R. T., 1986. Cyclic terpenoids of the geosphere. 
Methods in Geochemistry and Geophysics 24.

Sundqvist, O., 2002. Freyr´s offspring. Rulers and religion in ancient 
Svea society. Acta Universitatis Uppsaliensis. Historia Religionum 21. 
Uppsala.

Söderberg, B., 2005. Aristokratiskt rum och gränsöverskridande. 
Riksantikvariämbetet, Arkeologiska undersökningar, Skrifter No 62.

Terry, R. E., Fernandez, F. G., Parnell, J. J. & Inomata, T., 2004. 
The story in the floors: chemical signatures of ancient and modern Maya 
activities at Aguateca, Guatemala. Journal of Archaeological Science 
31, pp 1237-1250.

Wells, C. E., Terry, R. E., Parnell, J. J., Hardin, P. J., Jackson, M. 
W. & Houston, S. D., 2000. Chemical Analyses of Ancient Anthrosols 
in Residential Areas at Piedras Negras, Guatemala. Journal of 
Archaeological Science 27, pp 449-462.

Wiesenberg, G. L. B., Schwarzbauer, J., Schmidt, M. W. I. & 
Schwark, L., 2004. Source and turnover of organic matter in agricultural 
soils derived from n-alkane/n-carboxylic acid compositions and 
C-isotope signatures. Organic Geochemistry 35, pp 1371-1393.

Authors’ adresses
The Archaeological Research Laboratory, Stockholm University, 

SE 10691 Stockholm, SWEDEN  bjorn.hjulstrom@arklab.su.se

Prominent Migration Period Building



C14 labnr Annual ring Result BP Sigma 1 Sigma 2

Ua-34166 1-3 1675 - 30 340-415 250-430

Ua-34167 22-26 1685 - 30 260-280; 330-410 250-430

Ua-34168 57-60 1570 - 30 430-540 420-560

Trädets egenålder uppskattat till 70-90

TABLES

Table 1. Radiocarbon dates for three annual rings in one of the carbonised posts. Calibrated according to Stuiver et al. (1998).

Table 3. Results of χ2 tests of pottery use distributions.

Felling date Posterior if 70 year Felling date Posterior if 90 year

Sigma 1 Sigma 2 Sigma 1 Sigma 2

436 - 460 AD 423 - 472 AD 456 - 480 AD 443 - 492 AD

Table 2. Wiggle-matching of the tree-ring sequence (Bronk Ramsey et al. 2001).

Degrs. of 
Freedom

Max. Lik. Chi-squ. Probab. p Pearson Chi-squ Probab. p 

Vendel vs Alby 2 15.67 0.0004 13.25 0.00133

Valsgärde vs Alby 2 14.68 0.00065 13.98 0.00092

Tuna vs Alby 4 15.89 0.00317 13.71 0.00827

Vendel without storage vs Alby 2 4.25 0.11971 3.88 0.14371

Factor loadings

Variable Factor 1 Factor 2

K -0.797 -0.356

Ca -0.911 -0.022

Mg 0.892 0.047

Mn -0.705 0.148

Fe 0.36 0.221

Zn -0.375 0.777

Cu 0.175 0.738

Variation 43.7% 19.3%

Sample Sterol ratio C18/C16

34 0.06 1.04

36 0.04 0.58

40 0.05 0.55

44 0.15 0.97

47 0.10 0.85

57 0.08 0.66

61 0.10 0.70

72 0.08 0.98

77 0.05 0.05

Table 4. Factor loadings for the two most influential factors in the 
PCA.

Table 5. Sterol ratios and C18/C16 ratios for the nine soil lipid 
samples.




