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Prominent Migration Period Building
LIPID AND ELEMENTAL ANALYSES
FROM AN EXCAVATION AT ALBY, BOTKYRKA
SÖDERMANLAND, SWEDEN
Björn Hjulström, Sven Isaksson & Christina Karlsson
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 aristocracy and their exercise of power (see Brink 1996; Enright 1996; Herschend 1997, 2001; Lönnroth 1997; Sundquist 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 excavations 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 purposes? 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 elemental 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 importance of food, drink and feasting in Iron Age society have
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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 between individuals and groupings in a society, has been
stressed (see Herschend 1997; Isaksson 2000, Isaksson
2003; Söderberg 2005). Hence the pottery use in a building may be of great importance for the understanding of
the building. Lipid analyses have been carried out on ceramics 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 performed 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 representation 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 cemetery, and are dated to c. 7th century (Norr 1997). Based
on lipid analysis of the ceramics, these samples may represent 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 Alsike 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
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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 explicitly 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 followed 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 burials 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 gilded 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 Migration 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 animal head of bronze and more exclusively a fragmentary
comb with a early runic inscription (Bennett 1972). Few
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settlements with satisfactory results regarding dating and
size have been excavated in the parish. Among the recently excavated settlements are an imposing three-aisled
house 50 metres long located on clay soil next to the burial ground at Skrävsta (Bratt & Wertwein 1999), and a
terraced house dated to the Late Roman Iron Age - Migration 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 stone settings, and can be dated to the Migration Period - Viking 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 geophysical and geochemical investigation showed that the conductivity 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 (Älvesta, 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 setting (see Figure 3). It was evident prior to the excavation 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 standing 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 except at the western gable. The less steep area on the long
southern side is believed to be a ramp leading to the entrance to the house.
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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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Figure 3. Contour map of the location of the house (grey) illustrating its
enhanced position in the landscape.

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 eastern 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 intended to keep the layer in place at the point where the
slope was steepest.
The Buildings
Two three-aisled houses subsequently stood on the plateau. Both had a roof-bearing construction with a pair of
posts forming three interlinked trestles, as shown in Figure 4. Since none of the features of the two houses overlap, 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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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 dismantled, 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 interpreted 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 somewhat 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 hypothetical rooms based on the trestle positions.
One of the roof-bearing posts from house 2 was sent
to the Laboratory for Wood Anatomy and Dendrochronology 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
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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.

the centre outwards were intact (Hans Linderson, pers.
comm). It was not possible to date the post from the dendrochronological 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-

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

Prominent Migration Period Building
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 jawbones 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 traces 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, possibly 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 buried 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 concerned 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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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 elemental composition, this is most probably explained by anthropogenic 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 removing 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 trimethylsilyl 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 Chromatograph 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 Septum. The oven was temperature-programmed with an initial isothermal of 2 min at 50°C per minute to 350°C, followed 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.
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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 concentrations 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 evidence of animal lipids and the detection of phytosterols,
waxes or wax residues is indicative of plants (see Charters 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 ruminant 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 alkanoic 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 –

δ13CC18:0 values shows that there are statistically significant close correlations between these measures (n = 6,
r = 0.905, r2 = 0.820, t = 4.26, p = 0.013). There is a statistically significant difference (t=3.101, df=4, p=0.0362)
in the C17:0branched /C18:0straight ratios between samples 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-(oalkylphenyl)alkanoic acids when heated (Matikainen et
al 2003:567f). C18 is an indication of plant oil, but together with C16 and C20 it denotes marine animal residues (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 (Evershed 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 indicators combined. The only exceptions were samples 9 and
15, where the ratio was not as evident, although cholesterol 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 smoke were found in 6 samples. The Alby material therefore
shows a fairly homogeneous composition. All the samples 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 heating, 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 between 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 interesting, however, to see that when the samples from the
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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.

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 representational 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 nonruminant animals.
Several statistically significant differences could be
seen when Iron Age ceramics from burial contexts in
the Mälar region (27 samples) were compared with ceramics 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 contained lipids from agricultural products as their only contents 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

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 ritualised 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 animals.

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 activities 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.
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Figure 6. Sampling and extent of the occupational layer (layer 2).

The results are presented in the form of isopleth maps
in Figure 7 , in addition to which a data set with standardized 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 variance. The factor loadings are shown in Table 4. Factor 1
is mainly influenced by depleted K, Ca and Mn and enhanced 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 basis 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 distribution of the cluster from the PCA in Figure 9. Some
space-use areas with internally similar elemental compositions can be distinguished on the basis of the isopleths,
as shown in Figure 10. The space-use area 2 traverses the

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 element 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.
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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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Figure 8. Scatter plot of the PCA results for all elements.

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 somewhat 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 entrances, 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 clearly 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

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 abundant 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 elemental 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
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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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Figure 12. The three dominant long-chained fatty acids in each soil
sample.

Figure 11. Box and whisker plots of mean values and standard deviations
for the element concentrations in the space-use areas.

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 vegetational 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 deciduous 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 dehydroabietic acid, which is widely used as a conifer biomarker 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 deciduous trees, such as oak and hazel, with some grass undergrowth 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-

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 relevance. Culinary areas, for instance, have been identified
through the analysis of sterols and their corresponding
5α-stanol (Isaksson 1998). In a study of a reconstructed Iron Age house (Hjulström & Isaksson, manuscript)
we were able to distinguish a dwelling and a dwelling/
cooking area based on the sterol ratio (cholesterol/[stigmasterol + 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 composition. 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 source-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 geochemical 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 cholesterol 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-
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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.

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 ratio 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 function 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 Period buildings have been excavated. We do not, therefore, consider this building and it finds to be unique. In-

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 settlement 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 surrounded it.
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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 composition, some spillage from eating may have occurred
on either side of the hearth in areas 3 and 4. It is not possible, 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 sphere. According to the general conception of Iron Age gastronomy, 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

the two. The glass beaker and the feasting in the hall allude 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 dignified, 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 measured 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).
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TABLES
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
Table 1. Radiocarbon dates for three annual rings in one of the carbonised posts. Calibrated according to Stuiver et al. (1998).

Felling date Posterior if 70 year

Felling date Posterior if 90 year

Sigma 1

Sigma 1

Sigma 2

456 - 480 AD

443 - 492 AD

Sigma 2

436 - 460 AD 423 - 472 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

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

Sample

Factor loadings

Sterol ratio

C18/C16

Variable

Factor 1

Factor 2

34

0.06

1.04

K

-0.797

-0.356

36

0.04

0.58

Ca

-0.911

-0.022

40

0.05

0.55

Mg

0.892

0.047

44

0.15

0.97

Mn

-0.705

0.148

47

0.10

0.85

Fe

0.36

0.221

57

0.08

0.66

Zn

-0.375

0.777

61

0.10

0.70

Cu

0.175

0.738

72

0.08

0.98

Variation

43.7%

19.3%

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.

