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ABSTRACT. Plant oils are essential for human nutrition, as their seeds contain high concentrations of valuable
fatty acids. Since prehistoric times plant oils have been used for many more purposes, such as lighting, medi-
cines, and as a binding agent for cosmetics, colours, and putty, amongst other things. Although archaeobotani-
cal records of oil plants are in most cases found in small numbers, they are often abundant at excavations in
southern Scandinavia. This paper presents a diachronic review of plant records of flax (Linum usitatissimum L.)
and hemp (Cannabis sativa L.), both known for the dual use of their fibres for textile production and for their oil-
containing seeds. In addition, the finds of gold of pleasure (Camelina sativa (L.) Crantz,) is discussed. This plant
was cultivated for the use of its oil containing seeds for at least 2000 years but has totally fallen into oblivion.
The fourth oil plant we present is corn spurrey (Spergula arvensis L.), a formerly widespread weed on lime-poor
sandy soils. Given the high frequency in the investigated archaeological sites the seeds had obviously been an
important raw material in southern Scandinavia. No study has been made on the question as to whether corn
spurrey had been a cultivar or if the seeds had been collected from wild populations.
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INTRODUCTION

Sustainable crop diversity is a hot issue in
today's global political debate. Archaeobotani-
cal research can help to shed light on the huge
spectrum of useful plants that were cultivated
and/or collected in nature by our ancestors
(Karg 2008, 2010). In addition, the molecular
genetic approach will definitely have a direct
impact on the methods and strategies employed
in preserving the genetic diversity of plant
resources for future generations.

Plant finds from archaeological contexts
reflect former knowledge on plant use but also
cultural differences in economy and subsist-
ence strategies. The intention of this article,
dedicated to Professor Wasylikowa, is to give
inspiration for further projects in a fringe
research area of the archaeobotanical study

of oil plants and to attract attention on the
huge research potential that is hidden in many
museum archives around the world.

MATERIAL AND METHODS

During the last 15 years an archaeobotanical data-
base has been established at the National Museum of
Denmark. Every single plant remain found at more
than 135 archaeological sites has been registered. This
valuable tool now allows us to produce maps and dia-
chronic reviews on single plant taxa. The maps and
tables (Fig. 1, Table 1) in this article are based on the
scientific data held in this database (ARBOREG).

Archaeological records of oil plants are relatively
rare compared with those of cereal finds. One rea-
son for this might be that oil seeds are not roasted
before being consumed and therefore do not get into
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contact with fire as often as cereal grains do before
being ground. A second reason could be that oil-
containing seeds easily burn to ashes. Plant remains
from archaeological contexts are in most cases pre-
served in charred condition. Only when being quickly
covered and deposited waterlogged (under the mod-
ern ground water level) there is a chance for plant
remains to persist in uncharred condition. The most
optimal find circumstances to reconstruct former diet
habits is the find of a stomach content in a bog body.
In special cases dried out plant remains can be dis-
covered, as for example in false ceilings of medieval
houses, mineralisation can happen in latrine depos-
its. In addition imprints of plants are often recovered
in all kind of prehistoric and medieval burnt clay
objects.

The following review presents the records of
the four most important oil plants according to the

current state of the database. These are macroscopic
plant remains, such as seeds and capsule fragments
of oil plants from 100 archaeological sites dated from
the Late Mesolithic (4200 cal. BC) to Modern Times
(1850 AD). Table 1 provides an overview in a chrono-
logical order, starting with the oldest finds. As most of
the sites are dated typochronologically, which means
by the archaeological findings and only a few absolute
dates (radiocarbon dates) are available, the chrono-
logical groupings of the finds are in relatively large
time-spans, thus: Late Mesolithic to Late Neolithic
(4200-1800 BC), Bronze Age, which stretches in Scan-
dinavia from 1800 BC to 500 BC. The chronology of the
Iron Age period (500 BC — 750 AD) has a higher time
resolution: Pre-Roman Iron Age (500-100 BC), and
Roman Iron Age (100 BC —400 AD), followed by Ger-
manic Iron Age (400-750 AD). Finds from the Viking
Age are dated from 750 to 1050 AD. In addition,
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Fig. 1. Maps showing the sites with archaeobotanical data of oil plants in southern Scandinavia discussed in this article



Table 1. Archaeobotanical records of oil plants in Southern Scandinavia. The sites are mapped in Figure 1. ¢ — charred, w — water logged, m — mineralised
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1 x | Gamborg Fjord, Ronges Skov | Late Mesolithic settlement w Harild & Karg 2009
2 Lgnt Funnel Beaker Culture ritual c Robinson 1996
3 x | Spodsbjerg Late Funnel Beaker Culture settlement w, ¢ | Robinson et al. 1995, 1998
4 x | Strandet Hovedgaard Bell Beaker Culture settlement c Robinson & Boldsen 2000
5 x | Brd. Gram, Vojens Late Neolithic house c Robinson & Harild 1999
6 x | Selkeer Early Bronze Age settlement c Robinson & Karg 2001
7 x | Bjerre 4 Late Bronze Age settlement c Robinson et al. 1995
8 x | Bjerre 6 Late Bronze Age settlement c Kelertas 1997
9 x X x | Bjerre 7 Late Bronze Age settlement c Henriksen 2003a
10 x | Hemmed Kirke Late Bronze Age settlement c Robinson & Karg 2001
11| x X x | Frydenlund Late Bronze Age/Pre Roman Iron Age | settlement, retting pits |w Runge & Henriksen 2007; Andresen & Karg 2011
12 x X x | Lynge, Keerhgjgardsvej Late Bronze/Pre Roman Age settlement c Robinson unpubl.
13 x X x | Kong Svends Park Bronze/Iron Age settlement c Henriksen 2003b
14 x X x | Helgeshgj Late Bronze Age/Iron Age settlement c Henriksen 2003b
15| x X Helstedgard Sydvest Early Pre Roman Iron Age settlement, retting pit W Henriksen & Harild 2005; Andresen & Karg 2011
16 X x | Frederiksdalsvej, Randers Pre Roman Iron Age settlement c Robinson & Pedersen 1994
17 X x | Feergelunden Pre Roman Iron Age ritual c Henriksen 2009a
18 x x | Melskov II Pre Roman Iron Age unknown c Henriksen unpubl.
19| x b x | Nebelgards mose, Grauballe Pre Roman Iron Age bog body W Helbaek 1958; Harild et al. 2007; Robinson et al.
2009
20 | x X x | Nr. Hedegard, Smedegard???? | Pre Roman Iron Age settlement c Henriksen & Harild 2002; Robinson et al. 2009;
Henriksen et al. 2009
21| x X x | Overbygard Pre Roman Iron Age settlement c Henriksen & Robinson 1994, 1996; Robinson et al.
2009
22 | x X | x |Smedegard Pre Roman Iron Age settlement ¢, m | Henriksen & Harild 2002; Robinson et al. 2009
23| x x | Stoustrup Pre Roman Iron Age pot c Robinson 1993; Robinson et al. 2009
24 | x X x | Fuglsggard Mose Pre Roman/Roman Iron Age pits w Karg 2003a; 2003b; in prep.
25 x | x |Glesborg Early Iron Age settlement c Robinson & Karg 2002
26 | x X x | Bjerggarden Early Roman Iron Age settlement, retting pits |w Henriksen & Harild 2005; Andresen & Karg 2011
27 x | Bolteskov 2 Roman Iron Age well c Henriksen unpubl.
28 | x x | x | Vestervig,Thy Roman Iron Age settlement c Robinson 1999a
29 x | Vinding Roman Iron Age grave c Robinson 1992b
30| x x | Varhgj Late Roman Iron Age settlement c Henriksen 2002
31 x Heldumbol Late Roman/Early Germanic Iron Age | castle c Harild 1997; Robinson et al. 2009
32| x | x Hgje Taastrup, Kragehavegard | Late Roman/Early Germanic Iron Age |settlement, retting pits |w Robinson et al. 2001; Andresen & Karg 2011
33| x x x | Odense, Seden Syd kate Roman Iron/Early Germanic Iron | settlement, retting pits | w Henriksen & Harild 2005; Andresen & Karg 2011
e
34 x X x | Toruplund Lite Roman/Early Germanic Iron Age |settlement, well w Harild 2005
35| x X Horsemosegaard Late Roman/Germanic Iron Age settlement c Harild unpubl.
36| x X x | Lerdal Late Roman Iron/Germanic Age settlement c Henriksen 2003b; Karg et al. 2004; Robinson et al.
2009
37 x | @stergard Roman Iron Age/Germanic Iron Age settlement c Karg et al. 2004
38| x x | Hvissinge Vest Early Germanic Iron Age settlement, retting pits | w Harild & Pedersen 2001; Andresen & Karg 2011;
Robinson et al. 2009
39 x x x | Hestehavevej 1 Germanic Iron Age settlement, well c Harild 2006
40 x | Hvidhgjgéard Germanic Iron Age ovens c Mikkelsen 2000; Robinson et al. 2009
41 | x x x | Ragnesminde III Germanic Iron Age settlement c Robinson unpubl.
42 x | Skovborglund II Germanic Iron Age settlement c Moltsen et al. 1999; Robinson et al. 2009
43 | x x |Solvang Germanic Iron Age settlement Robinson & Harild 1994
44 x | Sophienborg V Germanic Iron Age settlement c Henriksen 2002
45| x Téarnby, Vinkelhusene Germanic Iron Age settlement c Robinson & Harild 1997a, 2005
46 x Téarnby, Vinkelhusene Late Bronze Age settlement c Robinson & Harild 1997a, 2005
47 | x x x | Vorbasse Germanic Iron Age settlement ¢, w | Boltsen unpubl.
48 | x x x | Tinghgj I Iron Age settlement c Henriksen 2007a
49 x x | Tinglev Kirke Late Iron Age settlement c Henriksen 2004
50 x | Ribe Posthus Germanic Iron Age/Viking Age settlement ¢, w | Robinson & Boldsen 1993
51 x x | Vorbasse Germanic Iron Age/Viking Age settlement, well ¢, w | Henriksen 2007b
52 x x | Nr. Felding Late Germanic Iron Age/Viking Age settlement c Harild 1999; Robinson et al. 2009
53  x X X x | Strandby Gammeltoft Late Germanic Iron/Viking Age settlement, retting pit w Henriksen & Harild 2005; Andresen & Karg 2011
54 x | Birkely, Kregme Viking Age settlement c Robinson & Moltsen 1992
55 x x | Havgaard Viking Age settlement c Robinson et al. 2009
56 x Rynkebyvej Vest Viking Age well w Henriksen & Harild 2008
57  x x Samson Nord Viking Age settlement c Henriksen 2003b
58  x x x | Tinggard Viking Age settlement c Henriksen 2009b
59 x x | Trabjerg Viking Age settlement w, ¢ | Aaby et al. 1992
60 x X Vallensbaek Nordmark Viking Age settlement, well w Robinson et al. 2000, 2001; Robinson et al. 2009
61 x Rynkeby Mglle Viking Age/Early Medieval Age well w Henriksen & Harild 2008
62 | x x x | Hundborg Viking/Medieval Age settlement c Henriksen 2006
63 x X x | Neaestved, Susden Medieval Age (1000-1250) town w Karg 2001a, 2005, 2007
64 | x x | Kgbenhavn, Kompagnistreede | Medieval Age (1050-1250) town w Boldsen 1994; Karg 2007
28/Radhusstrede 6
65 x x | Mors, Skarreborg Medieval Age (1100-1200) rural site w Robinson unpubl.; Karg 2007
66 x X X x | Hollenaes, Arninge Medieval Age (1100-1300) rural site w, ¢ | Karg 2007
67 | x x | Roskilde, Skomagergade 19 Medieval Age (1100-1300) town w Robinson & Harild 1999; Robinson et al. 2002;
Karg 2007
68 | x x | Ribe, Grabrgdrekloster Medieval Age (1100-1400) frairy w Harild 1997; Karg 2007
69 | x X x | Neestved, Kompagnistraede Medieval Age (1100-1600) town w Robinson & Harild 1997a; Karg 2007
70 x x | Holbaek Ahlgade 15-17 Medieval Age (1200-1400) town c Robinson & Boldsen 1991
71 x X Horsens, Boller Slot Medieval Age (1200-1400) castle w Karg 2007
72 x X Roskilde, Sct. Peder Straede og | Medieval Age (1200-1400) town w Robinson & Harild 1996a; Karg 2007
Algade
73 x X x | Alborg, Mgllegade Medieval Age (1200-1400) town w Robinson & Harild 2002; Karg 2007
74| x x | Kgbenhavn, Nytorv 17 Medieval Age (1200-1500) town w Robinson unpubl.; Karg 2007
75 x X x | Tgnderhus Medieval Age (1200-1500) castle w, ¢ | Harild & Andreasen 1999; Karg 2007
76 | x x | Svendborg, Brogade Medieval Age (1200-1550) town W Karg 2007
77 x x | @m Kloster Medieval Age (1200-1550) abbey w Robinson et al. unpubl.; Karg 2007
78 | x X x | Sorg, Akademi Medieval Age (1200-1600) abbey w, ¢ | Karg 2007
79 x x | Gedesby, Falster Medieval Age (1250-1300) ship A4 Robinson & Aaby 1994; Karg 2007
80 x x | Horsens, Ngrregade Medieval Age (1250-1500) town W Karg 2007
81 x x | Horsens, Sgndergade Medieval Age (1300-1400) town W Karg 2007
82 x x | Roskilde, Provsteveenget Medieval Age (1300-1450) town W Robinson & Harild 1996b; Karg 2007
83 x | Horsens, Kirketorvet Medieval Age (1400-1500) town c Karg 2007
84 x | Kgbenhavn, Hgjbro Plads Medieval Age town w Karg 2007
85| x X X x | Kgbenhavn, Kongens Nytorv | Medieval Age town w Moltsen & Henriksen 1998
86 x Lund, Martenstorget Medieval Age town W Moltsen 1999b; Karg 2007
87 x x | Odense, Lotzes have Medieval Age town W Robinson & Harild 1996¢; Karg 2011
88 | x x | Tinggard Medieval Age settlement c Henriksen 2006a
89 x X Tveervejen Medieval Age rural site, well w Harild unpubl.
90 | x X x | Tarnby Torv Medieval Age rural site c Robinson & Harild 1997b, 2005; Karg 2007
91 x X x | Kgbenhavn, Admiralgade Medieval Age/Early Modern Times |town w Moltsen 1999a; Karg 2007
(1500-1600)
92 x x | Odense, Lotzes have Medieval Age/Early Modern Times town w Robinson & Harild 1996¢
93 x | Helsinggr Domkirke Early Modern Times graves d Karg 2001
94 X x | Helsinggr Kulturveerft Early Modern Times settlement m Karg & Flensborg 2010
95 x x |Hillergd, @stergade 15-21 Early Modern Times town w Karg 2007
96 | x Kgbenhavn, Kongens Nytorv | Early Modern Times town w Moltsen & Henriksen 1998; Karg 2007
97 x | Kgbenhavn, Nina Bangs Plads/ | Early Modern Times town w Moltsen 1999c¢
Pilestraede
98 | x Lund, Martenstorget Early Modern Times town w Moltsen 1999b; Karg 2007
99 | x Téarnby Torv Early Modern Times rural site ¢, w | Robinson & Harild 1997b, 2005; Karg 2007
100 x Neestved, Gasveerket/Susden | Early Modern Times town w Karg 2007
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Fig. 2. Frequency of oil rich plants in 100 sites in southern Scandinavia dated between 4200 BC — 1850 AD.

1 — Late Mesolithic (4200 cal. BC) — Late Neolithic (1800 BC), n =5; 2 — Early Bronze Age (1800 BC) — Late Bronze Age
(500 BC), n = 5; 3 — Late Bronze Age (500 BC) — Pre Roman Iron Age (100 BC), n = 17; 4 — Roman Iron Age (100 BC — 400 AD),
n =4; 5 — Late Roman Iron Age (400 AD) — Early Germanic Iron Age (500 AD), n = 10; 6 — Germanic Iron Age (400-750 AD),
n = 8; 7 — Late Germanic Iron Age (750 AD) — Viking Age (750-1050 AD), n = 4; 8 — Viking Age (750-1050 AD), n = 7; 9 — Viking
Age (750-1050 AD) — Early Medieval Age (1050-1100 AD), n = 2; 10 — Medieval Age (1050-1550 AD), n =28; 11 — Modern

Times (1550-1850 AD), n = 10.

Table 1 and Figure 2, include plant material from the
Middle Ages and Modern Times.

The contexts in which the oil plants were found
(settlement, ritual etc.) are listed in Table 1, as well
as the preservation condition (charred or waterlogged)
and the references to published accounts. The fre-
quency of the four different oil plant species within
the single time periods is shown in Figure 2.

Flax (Linum usitatissimum L.)

Today, different varieties of oil and fibre flax are
cultivated, but astonishingly little is known about the
time and place of the evolution of these varieties (Karg
(ed.) 2011). Flax seeds contain up to 40% fat with a high
proportion of short-chain omega-3 fatty acids. In addi-
tion, the seeds are rich in vitamins, such as vitamin
E and biotin, as well as minerals, such as magnesium,
iron and manganese (der Brockhaus 2004, 423).

Flax remains are recorded at 73 archaeological
sites in Denmark, of which the oldest is dated to
the Late Bronze Age/Early Iron Age (Fig. 1, Tab. 1).
The plant has a dual use of oil produced from the
seeds and fibres gained from the stems. According
to the latest molecular genetic research results, flax
was first cultivated for the use of its oil (Allaby et
al. 2005). The fact that only single seeds have until
now been detected from late Bronze Age contexts in
southern Scandinavia, supports Helbak’s statement
that flax was firstly used in Northern Europe for its
oil (Helbzek 1938). New measurements of flax seeds
from Neolithic wetland sites in the Northern Alpine
Foreland shows that different forms of flax for oil and
for fibre exploitation were already known and culti-
vated since at least the 3rd millennium BC (Herbig

& Maier 2011). In Scandinavia, the production of tex-
tiles made of plant fibres was a common practice in
many settlements from the Roman period onwards
(Viklund 2011). From this time we have abundant
plant finds but also archaeological evidence for plant
fibre production, so-called retting pits (Andresen
& Karg 2011). The process of flax and hemp retting,
where the whole plants are soaked in water in order
to break down the tissues and thereby make access
to the fibres easier is evidenced at several Danish
archaeological sites dated to the span from the late
Bronze Age to the Viking Age (Andresen & Karg
2011). Offerings of small stem bundles of flax and
gold of pleasure are documented for the Roman Iron
Age (Karg 2003a, 2003b).

Hemp (Cannabis sativa L.)

Hemp finds are documented in the database of
the National Museum from eight archaeological
sites located within the modern geographical frame
of Denmark (Fig. 1, Tab. 1, more sites are cited in
Jessen 1951). In addition, hemp fruits and textiles
were detected in the famous Queen’s grave in the
Oseberg ship (Norway), dated to the Viking Age
(Holmboe 1927).

The seed and pollen records from Denmark can be
dated back to the Roman Iron Age (Robinson et al.
2001, 2002). Interestingly these finds derive from fibre
plant retting pits (Andresen & Karg 2011), which could
mean that hempseed oil did not play a role in human
consumption in Northern Europe at this time. The
oldest Central European textiles made of hemp were
found in the grave of the celtic “First of Hochdorf”
dated to 500 BC (Korber-Grohne 1987, 391).
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Gold of Pleasure (Camelina sativa (L.)
Crantz)

As early as 1899, Sarauw reported the discov-
ery of a huge number of gold of pleasure seeds from
a Roman context on the island of Gotland, clumped in
a solid brown cake (Jessen 1933). Helbaek (1951) sys-
tematically measured Camelina seeds and Hjelmqvist
discussed in detail the arguments for the possibility
that Camelina had been a crop, at least in Scan-
dinavia, being cultivated for the use of its oil. The
Scandinavian finds suggest that Camelina had been
cultivated as a single crop in the beginning and later
as a mixed cropping together with flax (Helbaek 1953,
Hjelmqvist 1955). Kérber-Grohne reports on pure cul-
tivation of gold of pleasure at the site of Feddersen
Wierde (Northern Germany) that was inhabited from
c. the birth of Christ until 300 AD (Kérber-Grohne
1987, 393).

The relatively high frequency of 40% of Camelina
records across all the investigated sites examined here
indicates the importance of this forgotten cultivated
plant.

Corn Spurrey (Spergula arvensis L.)

This annual plant is still today known as a weed
in flax fields. As the seeds retain their germination
ability for several hundred years (Oberdorfer 2001),
spurrey has survived as a severe crop weed to the
present day.

Spurrey seeds are rich in oil and were used in
human nutrition, as huge numbers of seed fragments
document in the stomachs of the Danish bog bodies,
Grauballe Man and Tollund Man, both dated to Pre-
Roman Iron Age (Helbzek 1950, 1958, Harild et al.
2007). From historical times it is known that the seeds
were used as famine food, mixed with flour, although
they contain saponins (http:/www.pfaf.org/user/Plant.
aspx?LatinName=Spergula+arvensis).

Spurrey seeds and pod remains are recorded at
82 out of 100 sites covering all time periods (Fig. 1,
Tab. 1). As early as 1938, Helbaek reported finds dated
to the Bronze Age. The high frequency points to the
fact that the oil-containing spurrey seeds may have
been an important food supplement in Scandinavia
throughout centuries. Two storage finds of spurrey
seeds dated to the Early Iron Age period are reported
by Jessen (1933) and Fredskild (1966) and these seem
very likely to represent use of the seeds as food.

Spurrey is an annual crop weed that favours
row-crop husbandry and lime-poor soils. One plant
of Spergula arvensis can produce between 1000 and
10 000 seeds. Observations on the competitive ability
of spurrey were made by the author during cultivation
experiments with flax. The plots, on which flax had
been harvested the year before, were totally overgrown
with spurrey in the following summer with a degree of
coverage of 80%.

As several subspecies of spurrey exist, amongst
them Spergula arvensis ssp. sativa, it could be inter-
esting to analyse the abundant seeds from the archae-
ological contexts more closely, in order to see differ-
ences in seed size, morphology, or in their molecular
genetic code.

DISCUSSION AND PERSPECTIVES

According to our current knowledge, flax
seems to be introduced in Scandinavia 3000
years belated than in Central Europe, where
flax cultivation is evidenced from the Early
Neolithic period (Viklund 2011, Kreuz 2007).
However, one imprint of a flax seed was recently
detected in a potsherd dated to the Funnel
Beaker Culture in Northern Germany (Kirleis
et al. 2011). Since the evidence for flax is rare
and only single seeds have so far been exca-
vated in southern Scandinavia it is assumed
that flax was introduced for consumption rea-
sons and not for textile production.

Hemp obviously played a less important
role for both oil and fibre production, although
less research has been undertaken to trace and
map palaeobotanical records in natural depos-
its, such as pollen finds in water bodies. The
picture might change when more systematic
studies are available.

The two additional oil plants discussed
in this article, gold of pleasure and spurrey,
might have played a role for human economy
and consumption that has so far been totally
underestimated. Figure 2 clearly documents
the high frequency of archaeobotanical finds
of both plants. The cultivation increases (prob-
ably starts) around 800 BC, a period of severe
climatic deterioration with cold and wet years
(Aaby 1976). Deteriorating climatic conditions
might have favoured both plants, which have
relatively short growing periods, over the more
demanding crop plants like flax. However, the
systematic measurements of seed sizes and
molecular genetic studies that would deliver
information about different varieties of gold of
pleasure and spurrey that might have existed
during prehistoric times are still lacking. The
material is waiting in the archives for further
investigations.

We suggest that all four plants had been
cultivated in southern Scandinavia for at least
2000 years and played a yet underestimated
role in both, human economy and consumption.
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