


EDITORIAL BOARD 

Michael Andersen, Roskilde Museum• Niels H. Andersen, Moesgard 
Museum • Steen W. Andersen, Trelleborg Museum • S0ren H. 
Andersen, University of Aarhus • H. Brinch Madsen, The Royal 
Academy of Arts • E. Brinch Petersen, University of Copenhagen • 
0. Crumlin-Pedersen, The National Museum • Tove Hatting, The 
Zoological Museum • Steen Hvass, The National Museum • J0rgen 
Jensen, The National Museum • Niels-Knud Liebgott, The National 
Museum • David Liversage, The National Museum • Ulf Nasman, 
University of Aarhus • Else Roesdahl, University of Aarhus • Hans 
Rostholm, Heming Museum • Ole Schi0rring, Harsens historiske 
Museum • J0rgen Skaarup, Langelands Museum • Henrik Thrane, 
University of Aarhus • Bent Aaby, The National Museum. 

EDITORS 

Lars J0rgensen, The National Museum, Prinsens Palais, 
Frederiksholms Kanal12, DK-1220 Copenhagen. 
Email: OMA-LJ@palais.natmus.min.dk 

Torsten Madsen, Department of Prehistoric Archaeology. 
University of Aarhus, Moesgaard, DK-8270 H0jbjerg. 
Email: Farktm@moes.hum.aau.dk 

THIS VOLUME IS PUBLISHED WITH GRANTS FROM 

The Danish Research Council for the Humanities 
The National Museum 

SuBsCRIPTION 
Journal of Danish Archaeology is published in one annual volume. 
Annual subscription rate: 200 Danish kroner, excl. postage. 
Subscription orders should be sent to Odense University Press, 55 
Campusvej, DK-5230 Odense M, Denmark. 

MANUSCRIPTS 
Manuscripts for publication in Journal of Danish Archaeology should 
be sent to editors or to any member of the editorial board. Please, 
carefully read "Instructions to Authors" at the end of this volume. 

BooKs FOR REVIEW 
Books for review in Journal of Danish Archaeology should be sent to 
the editors. 

© 1998 Odense University Press 
Cover: Uffe Rosenfeld! 
Lay-out and typesetting: Torsten Madsen 
Photoset and printed by Special:rrykkeriet Viborg a-s 
ISBN 87-7838-418-4 



Contents 

Page 
OLE GR0N & S0REN A. S0RENSEN: Aggemose 

- part II. Refitting and wall effect.............. 7 
S0REN H. ANDERSEN: Ringkloster. Erteb01le 

trappers and wild boar hunters in eastern 
Jutland. A survey......................................... 13 

KAARE LUND RAsMUSSEN: Radiocaron datings 
at Ringkloster............................................... 61 

PETER RAsMUSSEN: Mid-Holocene Vegetation 
Development at the Inland Erteb0lle Set­
tlement of Ringkloster, Eastern Jut-
land............................................................... 65 

PETER RowLEY-CONWY: Meat, Furs and Skins: 
Mesolithic Animal Bones from Ring­
kloster, a Seasonal Hunting Camp injut-
land............................................................... 87 

INGE B0DKER ENGHOFF: Freshwater fishing at 
Ringkloster, with a supplement of marine 
fishes............................................................. 99 

SvEND TH. ANDERSEN: Pollen analytical inves­
tigations of barrows from the Funnel Beak­
er and Single Grave Cultures in the Vroue 

Page 

area, Westjutland, Denmark...................... 107 
KAREN STEMANN PETERSEN: Danish niello in-

lays from the Iron Age. A technological 
investigation................................................. 133 

J0RGEN SKAARUP: Medieval castles and castle 
mounds on the islands south of Fyn. The 
situation after 50 years' archaeological in-
vestigations................................................... 151 

METTE SvART KRisTIANSEN: Tarnby- a farm of 
the period 1100-1800. An analysis of the 
medieval farm.............................................. 171 

Instructions to Authors...................................... 197 



Journal of Danish Archaeology vo1.12, 1994-95, pp. 7-12 7 

Aggemose -part II. Refitting and wall 'effect 

By Ole Gmn 

INTRODUCTION 

In 1993 a shallow pit directly associated with a 
concentration of lithic material were interpreted 
as the remains of a small dwelling from the Kon­
gemose Culture (Gmn & Serensen 1996). This 
interpretation was based on a) the structural fea­
tures preserved; b) the distribution patterns of the 
different artefact-types; and c) a comparison with 
other mesolithic sites with surviving structural re­
mains. On this basis the position, approximate out­
line, and entrance zone of a mesolithic dwelling 
was suggested. 

The Aggemose material is from a very small 
concentration. Compared to other Danish sites it 
is of rather limited size and from a typological point 
of view appears to be uncontaminated ( Gmn & 
Serensen 1996). In 1994 Serensen refitted the ma­
terial. The idea was to use the refittings as an in­
dependent test of our division of the site into a 
"dwelling area" and an "outside zone" around this. 

The site was excavated and the artefacts record­
ed in one-metre squares. Where a hypothetical 
habitation border follows the boundry between 
two rows of squares, this poses no problem. Where 
such a border cuts through squares, however, it is 
impossible to determine whether an artefact from 
a square belongs on the one side of the postulated 
wall or the other. 

In the illustrations, the refitted artefacts have 
been placed as close to the centres of the squares 
as graphically possible. This reduces the errors of 
their positions to less than 0. 7 m (the distance to 
one of the comers). The outline of the hypotheti-

cal dwelling is shown as a rectangular shaded area 
measuring 3.5 by 3.5 metres in figures 1A and lB. 

Figure 1A shows all the lines of refitting observed 
except those from one core. Figure 1B shows the lines 
of refitting from the reduction of this core. Figure 2 
shows the slightly revised dwelling, measuring 3.5 by 
4.0 metres, suggested by this study. According to Se­
rensen, refitting reveals that quite a number of regu­
lar blades are missing from the material. These may 
either be located in the waste layer of which only a 
small test pit was excavated or have been transported 
from the site. 

ANALYSIS OF THE REFITTINGS 

To estimate how individual refittings relate to the hy­
pothetical dwelling wall, four types of refitting may 
be distinguished: 

A Refittings connecting a square outside the hypo­
thetical dwelling with either another square out­
side it or with a square cut by its wall and thus 
containing material from either inside it or out­
side it. This category also comprises refittings con­
necting pieces found in one single square outside 
the proposed dwelling. 

B Refittings connecting a square inside the hypothet­
ical dwelling with a square outside it. 

C Refittings connecting a square inside the hypothet­
ical dwelling either with a square inside it or with 
a square which is cut by its wall and thus may con-
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tain material both from inside it and outside it. This 
category also comprises refittings connecting piec­
es found in a single square inside the proposed 
dwelling. 

D The fourth type of refit connects a square cut by 
the hypothetical wall with another square cut by 
the same or another hypothethical wall. This cat­
egory is of less interest since it does not yield any 
information on the exchange of material between 
the inside and the outside. 

A total of 69 refittings were observed. With the postu­
lated position of the dwelling they are distributed 
through the four categories as follows: A: 25 (36%), 
B: 2 (3%), C: 36 (52%), and D: 6 (9%) (fig. 2A; fig. 2B.a). 
It is interesting to note that only two lines of refitting 
connect squares inside the proposed dwelling with 
squares outside it. It is also noteworthy that these both 
connect squares immediately to the west of the pro­
posed dwelling with squares inside it. If the proposed 
dwelling outline is adjusted by adding half-a-metre to 
its western side (fig. 2A), these refittings change from 
category B to category C and the distribution by cat­
egory becomes: A: 25 (36%), B: 0 (0%), C: 37 (54%), 
and D: 7 (10%) (fig. 2B, b). 

In both cases it is clear that the refittings indicate 
the existence of two independent zones within the 
approximately 7 by 8 metres large concentration of 
Kongemose material: one inside the proposed dwell­
ing area and one outside it. This is shown in figure 
2A, where some of the refitting lines of category A 
are shown as curved lines avoiding the proposed dwell­
ing area to demonstrate that they do not necessarily 
cut through it in spite of the fact that they are shown 
as straight lines in the figure 1. 

To this point we have only been concerned with 
the single lines of refitting. In two cases, however, se­
ries of refitting lines indicate a connection between the 
inside and the outside of the hypotethical dwelling 
area. These two series are shown as straight dot-and­
dash lines in figure 2A. They both connect the pro­
posed habitation area with the zone to the east of it 
and thus support the assumption that an entrance 
should be located on this side (Gmn & S0rensen 1996). 

The fact that it is possible to distinguish two com­
plementary refitting zones in such a small concentra­
tion, one of which is conjunct with the postulated 
dwelling area, indicates that we are dealing with a high­
ly structured accumulation of artefacts. Inside the hy-

pathetical dwelling outline there are 37 refittings. 
Outside but immediately adjacent to it are other 
25 refittings. Seven refittings give no information 
as they belong to category D, connecting artefacts 
that may belong to either the inside or the outside 
with other artefacts that may also belong to both 
zones. 

Out of a total of 62 refittings yielding relevant 
information, none connect the two zones. Con­
sidering the fact that they belong to a relatively 
small artefact accumulation, this seems quite a bold 
statement. To check the significance of this obser­
vation, the percentages of B-refits were calculated 
for the adjusted version of the hypothetical dwell­
ing (4.0 by 3.5 metres) being moved all over the 
central part of the excavated area in half-metre 
steps. Figure 3A shows the value for each centre 
position of the dwelling. Figure 3B shows the cor­
responding percentage of C-refits, again with the 
values located in each centre of a series of con­
ceivable locations of the hypothetical dwelling. A 
zero value occurs for the B-refits in two positions 
where at the same time the dwelling outline con­
tains a reasonable amount (20-40) of C-refits. 

The southern position, which is identical with 
the centre of the dwelling area in the position pos­
tulated in 1993, is marked with a full circle in fig­
ures 3A and 3B. It is interesting to note that this 
value is closely surrounded on all sides by values 
from 6.3% to 12.1 %. Thus only a small dislocation 
of the outline will increase the percentage of B­
connections considerably. This particular location 
for the dwelling outline can therefore be seen to 
produce a strong separation of the material not 
found in neighbouring positions. 

The northern position is marked with a dotted 
circle. It is surrounded by somewhat lower values 
down to 3.1 %. Its position is quite close to the 
north-western area where the low values show that 
refitting lines are nearly absent in this zone. The 
northern zero position thus seems more likely to 
be accidental than the southern one. 

The southern position of the postulated dwell­
ing outline has already been shown to behave rea­
sonably in relation to the shallow pit containing 
remains of the culture layer and in relation to the 
distributions of a) lithic waste in general, b) blades 
and blade fragments, c) irregular pieces and d) 
burnt flint (Gmn & S0rensen 1996: figs. 5-6). Its 



Fig. 1 A: Refitting lines of blades, flakes, cores etc. at Aggemose. B: Refitting lines from reduction of one core at 
Aggemose. The hypothetical dwelling area is shaded. 

9 
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Fig. 2 A: The two complementary refitting zones at Aggemose. The lighter zone is proposed to be the area outside a 
habitation, the darker one inside it. The proposed dwelling area has here been enlarged with half a metre to the west 
compared to figure 1. Dash-and-dot lines show the two series of refits which connect the hypothetical dwelling area 
with the area to the east of it. B: The numbers of refittings of the categories mentioned in the text (L=69); B, a- the 
values for the dwelling floor suggested in 1993; B, b - the values for the modified dwelling. 
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Fig. 3 A: The hypothetical dwelling outline is moved through the excavated area in half-metre steps. For each step 
the percentage of B-refits out ofthe total number of refits has been placed in the center cell. B: The same as A, but 
with C-refits replacing B-refits. 
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outline in the northern position, by contrast, cuts 
through the central part of these features. Such a 
border should at least have been observable where 
it cuts through the preserved part of the culture 
layer in the shallow pit. 

CONCLUSION 

The information obtained by refitting of the Ag­
gemose material supports the interpretation we 
have already presented (Gron & Serensen 1996). 
The significant dichotomy between the two com­
plementary refitting zones indicates that it is pos­
sible to observe the effect of a Kongemosian dwell­
ing wall on the cultural items deposited in and 
around it. This is known as "wall effect". In re­
spect of this analysis is it important to keep in mind 
that, even though refitting lines are shown as 
straight lines, this does not necessarily have any 
bearing on their "geographical" movements on the 
settlement surface. 

The basic approach has been to distinguish "re­
fitting zones", zones which appear as closed units 
with regard to refittings. Where such zones out­
lines with concave parts, such as the zone adja­
cent to the Aggemose "dwelling zone" (fig. 2A), 
their refitting lines may cut through other refitting 
zones which they are actually separate from. For 
the Aggemose site, three straight refitting lines in­
tersect the outline of the hypothetical dwelling. 
Had they not been distinguished as belonging to 
another category of refittings from those clearly 
inside the "dwelling area", they would have made 
the observation of wall effect on the site difficult. 

Since one must expect that many Stone Age 
habitations contain an "inside" and an "outside" 
refitting zone, and the latter will often be of a con­
cave shape surrounding the dwelling, it is not un­
likely that the problems in distinguishing proper 
wall effect may rather reflect a general misunder­
standing of the meaning of the lines which visual­
ize the refittings than the absence of walls and wall 
effect. 

Waste layers and dumps may appear as zones that 
are not connected to their immediate surroundings 
but to more distant zones such as, for instance, dwell­
ing areas. Had the waste layer on the Aggemose site 
been excavated, the obvious thing to do would have 
been to operate with this as a third zone. Flintknap­
ping was obviously carried out in the "dwelling zone". 
The "missing blades" observed by Serensen may well 
create numerous connections between the latter and 
the waste zone. 

A strategy must be designed for each site analyzed. 
Without any preserved dwelling remains it may be 
difficult to construct fruitfull hypotheses. Obviously 
sites with more than one habitation phase can be ex­
pected to be too blurred to allow for the distinction of 
delicate features such as wall effect. In the case of the 
Aggemose site, however, it seems that it has been pos­
sible to produce a coherent reconstruction of a mesa­
lithic dwelling. Of course one can reject the interpre­
tation in the absence of conclusive proof. But the ma­
jority of the generally accepted models for economy, 
social organization, trade systems and even typologi­
cal development in archaeology would have to be re­
jected if such demands for objective proof were to be 
insisted upon. Even refitting cannot prove but only in­
dicate contemporaneity of material, just as very dis­
tinct and meaningfull distribution patterns can only 
indicate that we are dealing with an isolated activity 
phase. In the uncertain world of archaeology, the 
Aggemose site seems to be a fortunate case. 

Ole Gron 
NIKU (Norsk Institutt for Kulturforskning) 
Dronningens gt. 13, P.O.Box 736 Sentrum 
N-0105 Oslo. 
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Ringkloster 
Erteb0lle trappers and wild boar hunters In easternjutland 
A survey 

by Soren H. Andersen 

ABSTRACT 

The Late Mesolithic Erteb0lle culture of Southern 
Scandinavia is known for its coastal settlements, the 
"kokkenmoddinger'. However it did not occupy the 
coastal zone alone, but was also present in the inte­
rior areas along freshwater lakes and rivers. When 
one hopes to give as detailed a picture as possible of 
the range of the settlement structure and economy 
of this culture, the lack of excavations of inland set­
tlements injutland is strongly felt. The Ringkloster 
settlement in eastern Jutland is an Danish inland 
Erteb0lle site, the first to be excavated and published 
in Denmark in the last ca. 50 years. The settlement 
is located on the prehistoric shore of Skanderborg 
lake, and thanks to excellent preservation conditions 
for organic materials has given us a fascinating in­
sight into the material culture and economy of a west 
Danish inland Erteb0lle settlement. 

The excavation was extensive and comprised a 
settlement area on dry land with a large number of 
structural remains such as pits and hearths of differ­
ent types, trenches, post holes etc., and an adjacent 
"dump zone" in the prehistoric lake in front of the 
settlement site with thousands of animal bones and 
artefacts of organic materials. 

The settlement covered the whole Erteb0lle cul­
ture of the later part of the Atlantic and the begin­
ning of the Early Neolithic Funnel Beaker culture of 
the Subboreal, i. e. 5400 - 3550 BC. The sequence 
therefore also covers the Mesolithic-Neolithic tran­
sition, which at Ringkloster is dated to 3940 - 3820 
BC. 

Ringkloster is by far the largest inland settlement 
in this region due to a combination of several fac-

tors: The site was optimally located in the centre of 
the lake region, and it most probably functioned as 
a sort of inland "central site" surrounded by a series 
of smaller sites and contemporary with an extensive 
occupation along the coastline only ca 20 km away. 
In contrast to the "established" Danish opinion this 
site demonstrates that extensive inland Erteb0lle oc­
cupation also took place in the older Erteb0lle peri­
od, i. e. 5400-4700 BC; however the occupation at 
Ringkloster was of special intensity as regards de­
bris and site area in the middle and younger Erte­
b0lle 4700-3990 BC - as can also be observed at the 
coastal settlements. The pollen analytical study 
shows a primeval Atlantic forest of lime, elm, oak, 
alder and hazel. During the Erteb0lle occupation a 
distinct elm and lime decline is observed - which 
was probably caused by the activities of the Erte­
b0lle population. At the beginning of the Subbore­
al, ca 3900 BC, the first activities of (Neolithic) farm­
ers are indicated by pollen of ribwort and a contem­
porary decrease of the forest, combined with a higher 
frequency of open ground herbs, all together dem­
onstrating the opening up of the forest for farming 
activities. 

The faunal remains tell that Ringkloster is a sea­
sonal (winter) site occupied from autumn to early 
spring. The settlement is interpreted as a location 
for the procurement of meat, furs/hides and antler. 
The economic activities were centred on the hunt­
ing of wild boar, red deer and aurochs, combined 
with the trapping of animals with fur - especially 
pine marten and otter. The skeletons of the fur-bear­
ing animals were discarded intact in the dump zone, 
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Flynderhage 

~0 

Fig. 1 Denmark and the area of study in East jutland with the position of Ringkloster and some contemporary, 
coastal Erteb01le settlements. The High-atlantic coastline (ca. 4000 BC) is marked on the detailed map; S. Kaae del. 

and the bones have distinctive fractures from the 
traps in which the animals were caught, and also 
cutting marks from the skinning process. Both its 
strong seasonality and the many bones of wild boar 
and pine marten make Ringkloster unique within 
the Erteb0lle record of Scandinavia. The analysis of 
the bones of the larger mammals seems to demon­
strate that the meat of these species was removed 
from Ringkloster to another location - probably on 
the coast. Quite extraordinary is the presence of 
bones of dolphins and marine fishes such as cod, 
saithe and flounder, species which prove contacts 
between Ringkloster and the coastal region. 

The seasonal and economic interpretation of 
Ringkloster is supported also by the artefact inven­
tory, which is distinctly different from what is known 
from the many excavations at coastal sites. At Ring­
kloster the dominant types are scrapers (used for 
hide), burins, denticulate and micro-denticulate 
blades, and transverse arrowheads, but in strong 
contrast to the coastal sites axes were uncommon. 
Artefacts of antler were abundant, as was antler 
waste, while bone tools are few - especially bone 

points, which normally are one of the common types 
in the kekkenmeddinger. New Erteb0lle types from 
Ringkloster are curved bone "skinning knives" of 
rib bones, and oyster shells used as knives and/ or 
scrapers. 

Sherds of the usual Erteb0lle pointed-base pot­
tery and oval vessels ("lamps") were found in great 
numbers, and a small part of it is quite extraordi­
narily decorated with bands of stabs, lines of dou­
ble stabs and rhombic patterns. Decorated Erteb0lle 
pottery is extremely rare in Denmark and is only 
known from a small group of settlements in central 
eastern jutland- within 20-25 km of Ringkloster. 

As already mentioned the Ringkloster material 
includes a series of marine indicators - bones of dol­
phins, marine fish, oyster shells and amber. Such 
materials clearly show contacts between Ringkloster 
in the interior of jutland and the coast, but of what 
character and at what social level is difficult to tell -
i. e. do these materials reflect seasonal movements 
of people or groups of people from the coast into 
the interior of Jutland, or are they the vestiges of 
exchange networks connecting two independent set-



dement/social systems, an inland and a coastal? In 
other words are we dealing with one large coastal 
settlement system which used the interior (Ringklo­
ster) for seasonal (winter) procurement of meat and 
skins, or do we have had two independent systems, 
"forest hunters" and "coastal fishermen"? 

At present most arguments point towards inter­
preting Ringkloster as a seasonal part of one large 
EastJutland Ertebolle settlement and procurement 
system, which included both the coast and the inte­
rior. Such a situation must inevitably also have 
brought into existence social relations independent 
of whether these were originally intended or not. 
Ringkloster, therefore, must also have played an es­
sential social role in the east Jutland Ertebolle sys­
tem - a role as essential as the economic one. 

INTRODUCTION 

The Ertebolle culture of Southern Scandinavia is fa­
mous for its coastal sites, especially the "kokkenmod­
dinger" (kitchen middens), like the locus classicus, 
Ertebolle itself (Madsen et aL 1900; Andersen &Jo­
hansen 1987). The sites which have received most 
attention in the study of the Ertebolle culture are 
coastal settlements inJutland, i.e. Meilgaard, Erte­
bolle and Dyrholmen (fig. 1). This has given a false 
impression of the Ertebolle culture as a purely coastal 
culture characterised by large kitchen middens, an 
opinion which is widespread in the international lit­
erature. However, this opinion needs strong modi­
fication. 

As early as 1892 the first Danish inland Ertebolle 
site, Vester Ulslev on Lolland, was mentioned in the 
literature (Bahnson 1892, p. 163) and later similar 
sites were recorded from Zealand - especially in the 
large Amosen basin (Mathiassen et. aL 1943; An­
dersen 1983) and in the Neverkcer bog on Funen 
(Albrectsen 1973; Andersen 1977). Inland settlements 
are described also from other areas of the Ertebolle 
culture, e. g. Southern Sweden (Agerod V, Bake­
berg III) (Althin 1954; Larsson 1983; Regnell et aL 
1995) and Northern Germany (Ellerbek and Satrup 
Moor) (Mestorf 1904; Schwabedissen 1960; 1994). 
The main part of this comes from the eastern and 
southern part of the Ertebolle area, while excava­
tions of inland Ertebolle settlements inJutland were 
not carried out or published. In contrast to the ex-
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cellent preservation of organic materials at the coast­
al settlements, the inland sites in this part of Den­
mark showed no trace of Mesolithic bone, antler or 
wood This was due to the sandy subsoil and acid 
bogs, which provided geological conditions similar 
to those found in most other Northwest European 
countries. 

Nevertheless, numerous stray finds and surface 
collections from a large number of settlements along 
the rivers and lakes ofJutland have clearly demon­
strated that the Ertebolle culture also exploited the 
inland biotopes of this region (Mathiassen 1937). 
Unfortunately very few of the inland sites have been 
systematically excavated and properly published. 

To obtain as complete a picture as possible of the 
total range of the subsistence activities of this cul­
ture, it has for many years been desirable to find 
and excavate an inland site in Jutland, preferably 
one where organic materials were preserved, and to 
use it for the comparative analysis of coastal and 
inland settlement systems. Such a site was played 
into our hands with the discovery of the Ringkloster 
settlement. 

THE RINGKLOSTER SITE 

History of investigation 

Ringkloster was the first inland Ertebolle site in this 
part of Denmark where bone, antler and wood were 
preserved; even today, almost 30 years after its dis­
covery, it is still the only Late Mesolithic inland set­
tlement in this area with good conditions for the pres­
ervation of organic materials. 

As the only publications are preliminary descrip­
tions of the first 3 years of excavation (Andersen 
1975; 1979b), and because different aspects of the 
material have been used and referred to on several 
occasions in the international literature, the follow­
ing survey is given as an attempt to provide an up­
to-date, general picture of the status of research of 
this unique north European Mesolithic settlement 
(Rowley-Conwy 1981; 1993; Andersen 1975; 1994; 
Enghoff 1994). 

Mesolithic flint artefacts have been known for 
many decades from surface collections on inland 
sites in Jutland (they were earlier labelled "Gude-
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Fig. 2 The extension of the lakes in the Skanderborg S0 region in the Late Atlantic (dark shaded). Subfossil finds of 
aurochs and red deer are indicated; single finds and settlements of Erteb0lle type are marked; S. Kaae del. 

naa Culture" (Mathiassen 1937), a term which to­
day has been totally abandoned because it is based 
on mixed sites containing artefacts from all Danish 
Mesolithic cultures (Andersen & Stemm 1971). 

In actual fact the Ringkloster settlement was not 
a new Mesolithic site. It had been known for years, 
and amateur archaeologists had collected artefacts 
from the surface of the ploughed field. It was la­
belled as site no. 86 by Mathiassen, when he pub­
lished his paper on the "Gudenaa Culture" (Mathi­
assen 1937, p. 53). Apart from a single test-pit in the 
settlement area proper, no excavation took place 
on this site in connection with his work in the late 
1930s. 

In 1969 drainage work in the bog adjacent to the 
settlement exposed large quantities of Erteb0lle ar-

tefacts, and as a great surprise also well preserved 
animal bones, antler and wood. The artefacts and 
the presence of the organic materials showed that 
for the first time a west Danish inland Erteb0lle set­
tlement had been found with good preservation con­
ditions for organic materials. A test excavation fol­
lowed, and revealed a 20-80 em thick "waste layer" 
or "dump zone" of discarded material in the prehis­
toric lake sediments (today a bog) in front of the dry 
land settlement. The situation at Ringkloster is there­
fore similar to that at many other Late Palaeolithic 
and Mesolithic sites of Northern Europe, i. e. it in­
corporates a habitation area proper on dry land and 
an adjacent "dump" in the lake sediments in front 
of the settlement, e.g. Stellmoor, Star Carr etc. (Rust 
1943; Clark 1952). 



Geology 

Ringkloster is located in easternjutland very close 
to Skanderborg Se, one of the most beautiful areas 
of Denmark, consisting of a mixture of steep forest­
covered hills interspersed with wider valleys, small 
boggy areas and larger lakes (fig. 2). The area is called 
"the central jutland lake upland" Qacobsen 1976, p. 
2), and ca. 10 km to the Southwest is the highest 
part of Denmark with elevations of up to 173 m. 3 -
5 km to the East-Northeast we find the lake, Solb­
jerg Se, and 8 km to the west is the large lake, Mosse. 
In the past there used to be another large lake to the 
North, now the bog Illerup Enge (fig. 2). 

Skanderborg Se is one of the largest lakes in Den­
mark (ca. 9 km2), today measuring 4-5 km North­
South and 6 km East-West; by Danish standards it is 
deep (18.8 m), and in the Mesolithic (with less sedi­
ment) it must have been even deeper. The bottom­
relief is like the surrounding landscape very undu­
lating. The shores (especially towards North and 
East) are steep and depth increases rapidly, and there­
fore the reed belt along the lake is narrow. Many 
small rivers and springs have their outflow in the 
lake- especially towards the east and south (fig. 2). 

The distance from Ringkloster to the east coast 
of jutland (Norsminde Fjord) is as the crow flies ca. 
14-18 km; to the Northeast (Brabrand Fjord) it is ca. 
18-20 km; and to Horsens Fjord in the South it is ca. 
14-15 km. In the Late Mesolithic the fjords cut much 
further into easternjutland and the distances were 
some kilometres shorter (fig. 3) 1• 

Skanderborg Se is located just 6 km west of the 
main watershed in easternJutland, and as a part of 
the Gudena catchment area it is drained to the west 
via Mosse into the Gudena, which then runs in a 
North to Northeast direction to the sea ca. 55 km 
away at Randers Fjord. Topographically the Skan­
derborg Se catchment area is separated from Har­
sens Fjord (to the South) and Norsminde Fjord (to 
the East) by ridges of hills, running parallel to the 
coast. There is therefore no direct connection by 
water from Ringkloster to the east coast (fig. 3). 

1 We have tried experimentally to measure how long it 
takes in a modern environment and without any close 
knowledge of the terrain to walk from the coast to 
Ringkloster. The result was 5-6 hours. 
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The subsoil of this region is a mixture of morain­
ic clay and meltwater sand and gravel. The areas to 
the North, East and Southeast of the lake are domi­
nated by morainic clay, while sand and gravel dom­
inates towards the west and Southwest. At the set­
tlement proper the subsoil is clay, while the oppo­
site side of the lake is characterised by sand and grav­
el. The bottom of the prehistoric lake in front of the 
settlement is blue-grey calcareous clay. 

Along the southern edge of Skanderborg Se is a 
large system of morainic hills running E-W; this ridge 
was formed during a late stage of the Weichselian 
glaciation, when the ice front was just south of the 
lake (Harder 1908). To the south this hill ridge is 
connected with a 3-4 km long (NW-SE) and 1-2 km 
wide "valley" which was either eroded by a small 
local glacier or by melt water running towards the 
north from the ice front to the south. 

A large local meltwater lake formed in this val­
ley, and thin layers of calcareous clay and fine sand 
were deposited on the lake bottom ("varves") - a 
geological situation quite different from that in the 
rest of the Skanderborg Se system, which follows 
the "normal" geology of this region, i. e. with sedi­
ments of melt water sand and gravel (Harder 1908). 

The presence of this type of clay combined with 
a high water level in the modern bog is the back­
ground for the extraordinary preservation conditions 
at this location. In the rest of the Skanderborg Se 
area several other Mesolithic settlements are known, 
but they are all without organic material, and fol­
low the normal west Danish pattern with only flint, 
stone and charcoal preserved. 

The Late Glacial and Early Postglacial history of 
Skanderborg Se is well illustrated by systems oflake 
terraces along the shores, which show a gradual low­
ering of the water level from ca. 29.50 m above 
present sea level in the Late Glacial to ca. 24-25 m 
in the Mesolithic; the modern lake level is 23-24 m 
above sea level. 

As the connection between the valley and Skan­
derborg Se was very narrow and the above men­
tioned morainic ridge formed a sort of threshold on 
the lake bottom, it was impossible for the sediments 
to be washed out into the much larger and deeper 
parts of Skanderborg Se, resulting in a very fast sed­
imentation in this part of the lake. 

As early as the Atlantic period a swamp with a 
dense vegetation of alder (Alnus sp. ) was established 
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Fig. 3 Central easternjutland with the maximum 
extension of High-atlantic fiords and lakes (dark 
shaded): Ertebolle settlements are also indicated. The 
biggest settlement, "central" site in each resource area is 
marked by a large dot. Each "central" site is surrounded 
by a 10 km circle; Thick black lines indicate main water 
sheds S. Kaae del. 

along the lake shore, and the accumulation of sedi­
ments continued during the following millennia. 

Another geological aspect of this area is the oc­
currence of large deposits of red ochre only 1.6 km 
to the east of Ringkloster. The concentration and 
extension of ochre is so large, that even today the 
fields and hillsides are coloured bright red; the ochre 
was exploited and used as the basis for paint pro­
duction as recently as in the 16th century2

• 

2 One cannot exclude the possibility that this resource 
also was exploited in the Mesolithic, cf. the use of red 
ochre for tanning skins etc. 

The environment 

In the Mesolithic Skanderborg S0 was much larger 
than today especially towards the West, Southeast 
and South, where it had several large extensions 
which today are bogs (fig. 2). These areas, especial­
ly those to the South, must at this time have been 
lakes, extensive swamps and boggy areas and a very 
characteristic topographic element in the biotope of 
the Mesolithic. The southern part of the lake had 
also a lot of small inlets, and the steep-sided hills 
were cut by gullies going down to the lake shore. 
Altogether this gave a very varied biotope. 

The lake in front of the Ringkloster settlement 
was 3-4 km long and 6-700 m wide, and was con­
nected with the main lake through a very narrow 
opening where "Ringkloster" (today a farm) is lo­
cated3. 

The sediments and levels of the cultural layers 
responded to variations in the level of the prehistor­
ic lake. During the Late Mesolithic occupation (pol­
len zone VII) we observe a gradual rise in the water 
level, followed by a lowering indicating a change to 
a drier climate at the transition from pollen zone 
VII-VIII (Atlantic-Subboreal) at ca. 3900 B.C. 

Humified peat could be followed to an altitude 
of ca. 25 m, and this combined with the archaeolog­
ical finds shows the maximum extent of the lake 
and the position of its shore during the Erteb0lle 
occupation. 

The pollen analysis gives a detailed picture of 
the vegetation around the settlement before and 
during the habitation period from the Atlantic to 
the early Subboreal (pollen zone VII-VIII) (Rasmus­
sen this volume). 

Prior to the occupation (in the Atlantic period, 
pollen zone VII) the landscape was characterised 
by a dense and stable primeval forest dominated by 
lime ( Tilia sp.), elm (Ulmus sp.), oak ( Qy,ercus sp.), hazel 
( Corylus avellana) and alder (Alnus sp.) with a restrict­
ed field layer vegetation. In the forest there was also 
a dense vegetation of ivy (Hedera helix), which may 
have been a climber on tree trunks and branches. 
The most dominant vegetation type near the settle­
ment however was an extensive alder carr covering 

3 "Ring" is a Danish place name and "kloster" is Dan­
ish for "monastery". In the medieval period "Ring­
kloster" was a convent. 



Fig. 4 The Skanderborg S0 and the Ringkloster area in 
the High Atlantic period, 4000 B. C. "Smaller", Late 
Mesolithic Erteb0lle sites in the vicinity of the 
Ringkloster settlement are marked by black. Arrows 
indicate where test excavations have taken place. S. 
Kaae del. 

a belt along the lake margin, with open water only 
found further from the shore. Also today dense al­
der carr vegetation is a characteristic feature along 
the shores of Skanderborg S0 - especially where the 
lake is shallow. 

From the beginning of the Erteb0lle occupation 
the settlement refuse was deposited in organic mud 
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(gyttja) - indicating there was open water in front of 
the settlement, but gradually (mainly from the tran­
sition Atlantic/Subboreal) the lake filled in and the 
lake shore changed into a dense alder carr. The pres­
ervation conditions were very good, but some of the 
organic remains have been gnawed by mice and bee­
tles, probably because they lay on the surface for 
some time before they ended up in the wet, calcar­
eous sediments4

• 

An important question is whether it has been pos­
sible to find traces of man's impact on the surround­
ing vegetation. According to the palynological in­
vestigations (Rasmussen 1998 - this volume) two 
main phenomena are observable during the Erte­
b0lle occupation in the Atlantic: A contemporary 
and distinct elm and lime decline several hundred 
years before the end of the Erteb0lle phase. Thus 
the elm decline at Ringkloster is older than the "clas­
sical" Danish elm decline at the transition from Erte­
b0lle to Funnel beaker culture, ca. 3900 B.C. Ac­
cording to Rasmussen the early elm and lime de­
cline at Ringkloster is likely to reflect the local ac­
tivities of the Erteb0lle population, either as a clear­
ing of the surrounding forest, or as a systematic se­
lection of lime and elm trees to make canoes, dwell­
ings and wooden tools. This opinion is supported 
by the dominance of elm in the charcoal samples. 
Also the relatively high frequency of hazel ( Corylus 
avellana) could be a result of human impact, in this 
case of systematic coppicing of hazel to produce long 
and slender stakes for fish fences, etc., such as have 
been found at Ringkloster and are a very character­
istic aspect of many Erteb0lle (coastal) settlements, 
e. g. Tybrind Vig (Andersen 1985, pp. 60-61). Also 
hazelnuts were an important food resource and an 
essential component of the diet. 

Later (at the beginning of the Sub boreal period, 
ca. 3900 B.C.) the pollen diagram indicates a fall in 
the lake level and a simultaneous decrease of the 
forest followed by a higher frequency of open ground 
herbs; the first pollen finds of ribwort (Plantago lan­
ceolata) are recorded at this stage. These vegetation 
changes demonstrate an opening of the primeval for­
est, and the activity of Neolithic farmers in the vi­
cinity (also indicated by archaeological finds at the 

4 Unpublished report from cand. scient. Bodil Noe­
Nygaard of 18/3 - 1985. 



20 

site- see later). The decrease in the forest is a sign of 
anthropogenic influences aimed at making clearanc­
es for cattle grazing; traces of arable farming are not 
directly recorded in the two Ringkloster diagrams. 

A sample of 205 pieces of wood from the Erte­
belle occupation layer (of which 115 were charred) 
has been determined as to species (Malmros 1986)5• 

The commonest charcoals identified were elm ( Ul­
mus sp.) (24%), hazel ( Corylus avellana) (17%), oak 
(Q3tercus sp.) (17%) and alder (Alnus sp.) (16%), which 
reflects the types of wood used at the site as fire­
wood and left over from the production of wooden 
tools. This sample gives an impression of which 
specie(s) of wood were chosen by the inhabitants, 

5 Unpublished report by C. Malmros in the National 
Museum, NM VIII A 5502 of 11111-1986. 

Fig. 5 The extension of the 
excavated areas on dry land and 
in the "dump zone" in the 
prehistoric lake at Ringkloster 
(dark shaded). S. Kaae del. 

and in this context it is interesting to observe the 
dominance of elm (Ulmus sp.). 

The determinations of the unworked and un­
carbonized wood show that alder was completely 
dominant (70%), followed by elm (10%) and hazel 
(9%). This shows the type of vegetation growing close 
to the settlement. Analysis of seeds and fruits from 
the cultural horizons in the lake sediments has also 
been carried out (see later)6• 

The fauna of the late Atlantic/Early Subboreal 
in the region around Skanderborg lake is shown by 
the thousands of animal bones from the "dump 
zone" in front of the settlement, and by subfossil 

6 Unpublished reports by G.j0rgensen in the National 
Museum, NM VIII A 5502 of 18/9-1974 and 28/1-
1976. 



Fig. 6 The position of Ringkloster in relation to the 3 
Ertebolle occupational zones inJutland. S. Kaae del. 

skeletons of aurochs (Bos primigenius) and red deer 
( Cervus elaphus) found during peat-digging in bogs 
of the region (fig. 2)7. For a description of the faunal 
remains: see the papers by Rowley-Conwy ( 1998) 
and Enghoff (1998) in this volume. 

The many small rivers and the lake offered ex­
cellent opportunities for fishing, and the extensive 
swamps and marshy areas, especially south of the 
settlement, must have offered very good conditions 
for wild boar, waterfowl etc. 

Altogether the area around the site constituted a 
very mixed biotope which included primeval for­
est, extensive alder swamps, lake shores, open lake, 
many small streams and rivers, and the possibility 
of good fishing at the narrow passage between the 
two parts of Skanderborg So. 

7 The data for the map, fig. 2, have been kindly submit­
ted by Knud Rosenlund, Zoological Museum, Copen­
hagen. 
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The settlement 

The settlement lay at the northern end of the pre­
historic lake, ca. 800 m south of the narrow passage 
between the two parts of Skanderborg S0. The con­
centration of other Mesolithic sites where the two 
lakes join is a reflection of the fact that such a posi­
tion is favourable for fishing, but as Ringkloster is 
further to the South it is doubtful if access to good 
fishing played any role for its location (fig. 4). 

The Ringkloster settlement is located at the slop­
ing foot of a 3-4 m high, rather steep hillside facing 
West to Southwest. This hill belongs to a large gla­
cial terrace which follows the eastern side of the bog/ 
lake area. In the Late Glacial or early Post Glacial 
the lake eroded the terrace at a level of ca. 26.5 - 27 
m above sea level, thereby forming a 20-30 m wide 
flat area running east-west along the lake, which was 
the settlement area (fig. 4). Subsequent to the Stone 
Age the hillside has been flattened out by erosion 
and ploughing. To the North and South the settle­
ment area is delimited by two small headlands, and 
at the site two streams had their outflow from the 
hill- probably one of the location factors of the set­
tlement (fig. 4). 

In front of the settlement the lake bottom slopes 
very steeply, which made access to the settlement 
from the lake easy because of the great depth of wa­
ter. Towards the north and south (where the head­
lands are) the bottom slopes much more gently and 
the lake was therefore much shallower. 

The full Ringkloster settlement comprises two dif­
ferent units - a settlement area on land and an asso­
ciated dump or midden in the prehistoric lake de­
posits in front of this. 

The settlement area on the shore, as defined by 
the distribution of flints, measures ca. 100x30 m ori­
entated north-south (ca. 3000 m2). This is the same 
size as the largest contemporary coastal "kokkenmod­
dinger'' (Andersen 1995). The adjacent "dump zone" 
in the lake sediments measures ca. 90x20 m orien­
tated north-south (ca. 1800 m2 )(fig. 5). 

To both the North and South several smaller and 
well defined flint scatters of Erteb0lle type are to be 
found well separated from the main site. To the North 
at least 3 such flint concentrations have been record­
ed, measuring 20x20 m, IOxlO m and 10-15x15 m 
respectively. To the South 2 concentrations measur­
ing ca. 20x20 m and IOxlO m are also known, and 
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Mesolithic flint debris has in addition been found 
on the terrace to the rear of the settlement (fig. 4). 
The horizontal distribution of cultural remains in 
the main settlement area on dry land furthermore 
reflects smaller discrete concentrations. All these ob­
servations prove that Ringkloster was not one large 
settlement unit from the very beginning, but is the 
result of an accumulation of archaeological debris 
from many visits to the site. The most extensive and 
intensive occupation took place in the Late Meso­
lithic Ertebolle period - particularly in the Late/ 
Younger Ertebolle. The site is therefore a demon­
stration of a high level of topographic stability I con­
tinuity and thereby indirectly resource stability for 
ca. 1800 years covering the Late Mesolithic to Early 
Neolithic. However, it is impossible to tell whether 
the site was used continuously in the strict sense or 
not. 

The setting of the Ringkloster site 

It is essential to see settlements not only as individ­
ual sites, but also as a part of the territory in which 
they were located, and of the larger settlement sys­
tem in which they functioned. 

In view of this the Skanderborg So region has 
been the object of intense reconnaissance for many 
years, but despite this no more than 5 other Erte­
bolle sites have been recorded (apart from scattered 
stray finds of blade cores, axes, etc. ) 

A cluster of small flint concentrations is found 
on a SE facing headland ca. 375 m NNW of Ring­
kloster - closer to the narrow passage between the 
two prehistoric lakes (fig. 4). 

All the other Ertebolle sites in the lake area are 
distinctly smaller than Ringkloster and measure on­
ly ca. 10-20xl0-20 m; flint debris and flint artefacts 
have been surface-collected from ploughed fields, 
and in two cases small test excavations have been 
carried out (fig. 4). 

If we look at the area in terms of site catchment 
(Vita-Finzi & Higgs 1970), ca. 30% of the total area 

Fig. 7 Excavated areas in the "dump zone" at 
Ringkloster. Measured sections are indicated by thick, 
black lines and arrows. The position of the pollen 
series "Pl" and the boring "B" is also marked. Other 
pollen series are indicated by black dots. S. Kaae del. 
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Fig. 7. Distribution of: A, broad trapezes, equidistance 0.4, max=2; B, burins and burin spalls together, equidistance 
0.4, max=3; C, knives with retouched backs, equidistance 0.4, max=2; D, blades and blade fragments with micro­
polishes on their edges, equidistance 1.2, max=120; E, intact blades with no observable micro-polishes on their 
edges, equidistance 0.9, max 9; F, intact blades with micro-polishes on their edges, equidistance 0.7, max=7. 
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Fig. 8 Excavation plan of a part of the Ringkloster settlement on dry land. Black dots indicate transverse arrowheads of 
late Ertebolle-type. Black triangles indicate thick-walled Ertebolle pottery. S. Kaae del. 
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within a 5 km radius (78.57 km2l, in the Late Meso­
lithic was lake, ca. 22% swamp and ca. 48% high­
lying, dry ground. Within a 10 km radius from the 
settlement (ca. 314 km2

) lake made up ca. 11%, 
swamp ca. 7%, and dry land ca. 82% (fig. 3). 

Altogether the inland Ertebelle settlements of the 
Skanderborg Se territory cover ca. 7000 m2 (fig. 3). 

Reconnaissance along the shores of the other 
lakes in the region has not revealed any other large 
Ertebelle sites, but only stray finds and small flint 
scatters, and it is therefore an open question wheth­
er any other large settlements existed. 

The conclusion is that Ringkloster gradually be­
came the largest settlement in the Skanderborg Se 
territory, primarily because it remained located at 
the optimal position in the resource area (the centre 
of Skanderborg Se) for 1800 years. It can therefore 
be regarded as a sort of "central site" in the Late 
Mesolithic in this Eastjutland territory (fig. 3). 

Ringkloster in a regional context 

The distribution map of the Ertebelle settlements in 
Eastern jutland clearly demonstrates that the centre 
of gravity of the Ertebelle habitation lay at the coast 
(fig. 3). Here we find the largest and biggest settle­
ments. Even if we take all source critical aspects in­
to consideration, this fact is indisputable whether 
expressed in the number of settlements, their size, 
the thickness of the deposits or the number of tool 
types. A crude expression of this is a simple com­
parison of the total area of all the settlements within 
a 10 km radius of the central site, Flynderhage in 
Norsminde Fjord (ca. 11700 m2

) with the contempo­
rary inland sites on Skanderborg Se (ca. 7000 m2

) 

(Andersen 1995, pp. 48 and fig. 7). 
Seen in a regional perspective Ringkloster is lo­

cated where the distance to the nearest coastal area 
is ca. 14-18 km., whether one goes towards the North­
east, east or south. In these fjords we find many con­
temporary Ertebelle settlements, and they are struc­
tured with one or two large, centrally situated sites 
surrounded by smaller "satellite" sites (fig. 3). 

The topographical facts raise the obvious ques­
tions whether Ringkloster represents an inland for­
est system ("forest-hunters") independent of the 
coastal system ("coastal fishermen") - and if so how 
the system functioned in relation to the coast - or 

whether it was part of one "large system" with its 
centre of gravity on the coast incorporating both 
coastal and inland resource areas. These questions 
are dealt with later in this article. 

Ringkloster in the settlement pattern of western 
Denmark 

Traces of Ertebelle inland activities are known from 
most central and south Jutland rivers and lakes. 
Based on the number and range of tool types it is 
possible to divide the Ertebelle habitation in this 
region into 3 occupation zones, each characterized 
by its topographical location and the artefact types 
of the settlements (fig. 6). 

1) A coastal zone (extending 0-10 km inland) with 
the great majority of the settlements, which are 
generally large in extent and have a wide range 
of tool types, especially of axes {Ertebelle, Nors­
minde etc. ) . 

2) An inland zone with fewer (and generally small­
er) settlements with a restricted range of tool types 
(especially with few axes) stretching from the 
coastal hinterland up to ca. 30 km inland, e.g. 
Ringkloster, Satrup Moor. 

3) Finally there is An interior, centraljutland zone 
characterized by very small sites with few arte­
fact types - mainly arrowheads, blade scrapers 
and denticulate blades. 

A large number of the so-called "Gudenaa Culture" 
sites belong to the last mentioned group (Mathias­
sen 1937). As none ofthese site's have preserved or­
ganic material, we have no possibility of any deter­
mination of seasonality and subsistence activities. 
However, the preferred topographical location on 
river banks and along lake shores combined with 
the small area of the sites and the many arrowheads 
strongly argues in favour of interpreting these local­
ities as Ertebelle "hunting camps" (Binford 1983, 
pp. 118 - 119). 

EXCAVATION 

The excavations began in 1969 and continued until 
19858

• From the very beginning the work was estab-
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Fig. 9 East - West section running from the lake shore {left) through the "dump zone" into the lake deposits adjacent 
to the settlement. The gyttja horizons are cross hatched. The thick black lines indicate the main concentrations of 
artefact depositions. S. Kaae del. 

lished as an interdisciplinary project with co-opera­
tion between archaeology and the natural sciences, 
and during the campaigns specialists from several 
disciplines participated in the fieldwork. 

During the first years ( 1969-1980) the investiga­
tions were concentrated on the cultural deposits in 
the prehistoric lake (today a bog) with its exception­
al organic finds, while the excavations from 1980-
1985 were conducted on the settlement area proper 
on dry land and along the shore of the prehistoric 

8 The Ringkloster excavation has been sponsored by 
the Danish Research Council for the Humanities, 
Aarhus Universitets Forskningsfond and Arbejdsmar­
kedsmevnet for Arhus Amt. 

lake. In an attempt to find a Mesolithic cemetery a 
natural terrace to the rear of the site was investigat­
ed by a series of test trenches and a large square (fig. 
5). Altogether ca. 500m2 were excavated in the bog, 
and ca. 1600 m2 on land. The Ringkloster investiga­
tion therefore belongs among the largest excavations 
of a Mesolithic settlement in northern Europe and 
includes in contrast to most other Mesolithic exca­
vations not only the "midden" or "dump zone" (or a 
part of it), but also the main part of the habitation on 
dry land (fig. 5). 

The habitation area proper was investigated in 
horizontal layers of 5 or 10 em's thickness; features 
and discoloration were planned and described, and 
also documented with black-and-white and colour 
photographs. All artefacts were plotted with 3 co-
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Fig. 10 The position of the pollen series "P 1" and the 
"cultural horizons" as they are defined by characteristic 
pottery. The Erteb01le horizons are shaded and the Fun­
nel Beaker horizon is cross hatched. Black dots indicate 
Early Neolithic(?) sherds or sherds of a Mesolithic-Neo­
lithic (transitional) type, cf. fig. 26. S. Kaae del. 

ordinates, while flint debris was recorded by square 
meter. 

The excavation in the prehistoric lake was car­
ried out very carefully with 3-dimensional measure­
ment of all objects, and pollen samples and materi­
al for 14C dating were taken. Samples of the depos­
itswere water screened. Owing to the very steep bot­
tom of the prehistoric lake and the high (natural) 
water level, the excavation was technically very dif­
ficult, and depended on constant pumping and shor­
ing up of the sections in the bog. 

During the excavation a large number of sections 
at 1 or 2-3 m intervals were measured and described 

(fig. 7). Also 9 borings were made in the bog with 
the object of investigating the sediment stratigraphy 
and of obtaining samples for plant macrofossil and 
pollen analysis. One of these borings, "B", has been 
analysed, and from one of the open sections the pol­
len series "P1" has been investigated (fig. 7) (Ras­
mussen 1998 - this volume). 

Of special importance is the pollen series P 1, 
because it comes from a clear stratigraphic and 14C 
dated sequence with well defined archaeological 
types of Erteb0lle and Early Neolithic Funnel Beak­
er culture material. Therefore this pollen series gives 
one of the very few direct correlations in Denmark 
between faunal! environmental analysis and well de­
fined archaeological stages (cf. fig 10). 

Stratigraphy of the dry land habitation area 

Due to soil erosion the habitation area on dry land 
was covered with sand and sandy humus from the 
terrace behind. Therefore only a small part of the 
area had been disturbed by ploughing - mainly the 
part closest to the modern bog, where the covering 
sediments were thinnest. Below the eroded sedi­
ments was a ca. 20 em thick in situ occupation hori­
zon with cultural debris. 

The top layer was a black (charcoal-rich) sandy 
horizon characterized by many cooking stones, flint 
debris and artefacts ofErteb0lle type. The layer dates 
to the youngest Erteb0lle occupation phase at Ring­
kloster. The high content of cooking stones is very 
interesting because layers with similar contents are 
found also as the youngest horizons at several of the 
large coastal settlements, e. g. Flynderhage and Nors­
lund (Andersen & Malmros 1966, pp. 37), Bloks­
bjerg (Westerby 1927, pp. 22-24) and Valse Vig 
(Bahnson 1892, pp. 166-168). Below this was a ca. 
10-15 em thick, sandy, cultural layer with Erteb0lle 
material and fire-cracked stones. In this horizon and 
below (in the top layer of the subsoil), were many 
settlement features such as stone hearths lying ei­
ther directly on the surface of the subsoil or in shal­
low pits, fireplaces without stones, series of stake, 
and post holes, and also charcoal patches, pits of 
varying shape, size and depth, and systems of paral­
lel stone filled ditches (fig. 8). Although no well de­
fined building structures were recorded during the 
excavation, the features and distributions of finds 
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Fig. 12 Heaps of seven pelvis bones of red deer ( Cervus elaphus) (left) and three pieces of "antler waste" of red deer 
( Cervus elaphus)(right) in the "dump zone". The last-mentioned show clear cut marks at the base and are the 
remnants of the production ofT-shaped antler axes. P. Dehlholm photo. 

Fig. 13 Section of the "dump zone" in front of the Ringkloster settlement. Animal 
bones, antlers, tree trunks and some stones are visible on the surface of the prehistoric 
lake bottom. P. Dehlholm photo. 



Fig. 14 T-shaped antler axe with a part of the preserved 
handle lying in situ. P. Dehlholm photo. 

are highly suggestive of dwellings belonging to the 
Ertebolle phase. 

The number and variety of the features at Ring­
kloster is remarkable, and distinguishes this settle­
ment from the contemporary coastal settlements, 
where such features are surprisingly few consider­
ing the long occupation, e. g. Norsminde and Erte­
bolle (Andersen 1991; Andersen &Johansen 1987). 
This is another respect in which Ringkloster clearly 
represents a different type of Ertebolle settlement. 

Due to the thinness of its cultural horizon and 
the long period of occupation, however, the area on 
land lacks stratigraphy, and it is therefore only pos­
sible to assign rather crude dates or habitation epi­
sodes to the individual features. Only the oldest and 
youngest levels are well preserved. Much work has 
to be done in the coming years with regards to anal­
ysis of the features and associated debris and arte­
facts from this part of the settlement. 

Lake/bog stratigraphy 

The sections show a rather uniform stratigraphy (fig. 
9). The bedrock is boulder clay. In the prehistoric 
lake and along the shore this is covered by a series 
of thin, laminated layers 1-2 em thick of white-grey 
calcareous clay and fine grey sand (fig. 9; layers 
17+20). Along the shore the upper 5-10 em of this 
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Fig. 15 "Scale worked flake" from the habitation area on 
dry land. These flakes are a (regional) West Danish type, 
and are waste from the production of transverse 
arrowheads in the Older Ertebolle culture of jutland. 
(2:3) F. Bau del. 

layer contains scattered cultural debris, which was 
probably trampled down by the inhabitants. 

Out in the prehistoric lake the next layer is a 5-
20 em thick horizon of grey sand with small stones 
(< 5 cm)(fig. 9; layer 16); at shore the sand is mixed 
with drift gyttja indicating the erosion and sedimen­
tation of organic materials. Further out this horizon 
contains freshwater gastropods and bivalves. 

This deposit is followed by a horizon of homo­
geneous, unhumified, fine grained, brownish-green 
gyt1ja (Limus detrituosus) with many gastropods and 
cultural remains (fig. 9; layer 19). This is followed 
by a coarser brown detritus gyttja (or drift gyttja) 
with gastropods (Lymnaea sp., Planorbarius corneus and 
Planorbis sp.), bivalves (Anodonta sp. and Unio sp.), 
tree trunks, branches, bark, stones and cultural de­
bris in the form of charcoal, flint waste, animal bones 
and antlers, worked wood, pottery, and artefacts of 
Ertebolle types (fig. 9; layer 18). This horizon is fol­
lowed by a ca. 30 em thick layer of coarse drift gyt­
tja without molluscs (fig. 9; layer 15). Towards the 
lake shore the drift gyt1ja content increases, and grad­
ually the gyttja horizons change into layers of humi­
fied alder carr peat (fig. 9; layers 11-14). 

Along the prehistoric lake shore the number of 
tree trunks and branches was very high, being a com­
bination of driftwood from the lake and windfalls 
from the shore - a phenomenon found at all Danish 
inland and coastal settlements and a nice illustra­
tion of how much natural wood was concentrated at 
such a Stone Age lake shore. There is no argument 
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for interpreting this as an artificial construction or 
"platform" as has been done at Star Carr (Clark 1954, 
p. 2 and fig. 2; Pitts 1979, p. 33, 36). 

The top horizon is 1-2m thick brown-black, very 
humified alder carr peat (fig. 9; layers 2-10). 

Along the lakeshore the gyttja horizons gradual­
ly becomes thinner and more humified, and the con­
tent of sand increases. The transitional layer from 
the sequence in the prehistoric lake to the occupa­
tion area on land (the ploughed field) is a black, hu­
mified and sandy deposit (fig. 9; layer 7). 

Stratigraphy at the pollen series P1 (fig. 10). From 
bottom to top: the deepest layer is dark grey sand 
with fragments of freshwater molluscs (layer 1). 
Above this follows a layer of fine yellow brown gyt­
tja with detritus, shells and shell fragments; in the 
upper ca. 30 em of this horizon the first cultural re­
mains appear (flints, animal bones, stones and char­
coal) (fig. 10; layer 2). Layer 2 is followed by a ca. 5 
em transitional layer very similar to layer 2, but with 
more detritus (fig. 10; layer 3). Above this comes a 
thick layer of coarse, yellow-brown greyish detritus 
gyttja with tree trunks, branches, twigs, shells, shell 
fragments, fish bones and fish scales; this is the main 
cultural horizon and contains many finds of flint, 
pottery, stones, animal bones, antler and charcoal 
(fig. 10; layer 4). This layer is covered by a similar 
type of coarse detritus with branches, bark, twigs, a 
few shells, and cultural remains such as stones, pot­
tery, flints and charcoal (fig. 10; layer 5). The next 
layer is a rather coarse, red-brown drift gyttja with 
scattered cultural debris such as pottery, flints, char­
coal and stones (fig. 10; layer 6). Again follows a 
layer of red-brown gyttja with many secondary al­
der roots (fig. 10; layer 7). The upper two meters of 
the sequence consist of yellow-brown (fig. 10; layer 
8) or black alder carr peat (fig. 10; layer 9) with al­
der roots and different degrees of humification (fig. 
10; layers 8-9); a few bones and stones have been 
recorded at different levels in this horizon, reflect­
ing short visits to the lake shore in later prehistoric 
periods. The top horizon is a black-brown strongly 
humified alder carr peat covered by grass turf (fig. 
10; layer 10). 

Our geological investigations and the typologi­
cal development of artefacts through the sequence 
of layers demonstrate that in general the stratigra­
phy in the lake is undisturbed; however, along the 
lake shore erosion and water level change(-s) could 

have caused some mixing of sediments and materi­
als. 

Cultural horizons in the prehistoric lake 

The excavation revealed several cultural horizons 
in the prehistoric lake sediments. Close to the shore 
the cultural horizons are embedded in strongly hu­
mified alder carr peat (fig. 9; layer 7), while further 
out they are found in fine gyttja with gastropods (at 
the bottom)(fig. 9; layers 18-19). Further up it is in 
coarse detritus gyttja and alder carr peat (fig. 9; lay­
er 15). 

The deepest cultural horizon is the Erteb0lle lay­
er, which is ca. 50 em thick. The preservation con­
ditions for organic material are excellent in the deep 
horizons of organic mud, but preservation of bone, 
antler and wood was less favourable in the higher 
levels dominated by the alder carr peat (although 
good compared with conditions in Jutland as a 
whole). 

Close to the shore the frequency of objects of 
cultural debris is very high, while further out the 
content gradually decreases and finally disappears 
ca. 30 m from the shore. Vertically the "Erteb0lle 
layer" is well defined, being delimited clearly both 
above and below by peat (close to the shore) and 
gyttja horizons (further out in the lake). To the north 
and south the cultural horizon could be followed 
along a ca. 100 m stretch of prehistoric lake shore, 
with the highest intensity of archaeological material 
being between the two small headlands. 

Rapid sedimentation has made it possible to sub­
divide the occupation layer in the lake sediments 
stratigraphically. Plots of the depths of typical Erte­
b0lle artefacts show two to four separate Erteb0lle 
horizons, each 10-15 em thick. These became increas­
ingly separated from one another with increasing 
distance from the shore by layers of gyttja contain­
ing very few or no cultural remains (fig. 9-10). 

Ca. 20 em above the youngest Erteb0lle horizon 
and separated from it by ca. 20 em of coarse drift 
gyttja with few cultural remains is another horizon 
(Early Neolithic) ca. 20-30 em thick, containing char­
coal, some flint artefacts and debris, fire cracked 
stones and pottery (fig. 10). The youngest horizon 
in the bog contains scattered finds from the young­
er roman iron age (fig. 9). 



The main part of the Erteb0lle horizons are found 
in geological/sedimentary conditions similar to 
"taphozone" I and II (Noe-Nygaard 1995, pp. 70-
73, fig. 33). 

The cultural debris occurred along the edge of 
the prehistoric lake, generally with the highest in­
tensity close to the lake shore, but it is characteristic 
that the distribution of debris is not uniform, and 
we can observe differences in the frequency of flints, 
ceramics and bone/ antler between the land area and 
the lake deposits. While the amount of flint debris 
is 5-200 pieces/m2 on the settlement proper, the fre­
quency in the lake is only between 1 and 13 pieces/ 
m2• In contrast the number of sherds is low on land, 
while the frequency in the lake is high, very often 
rising to 50-70 sherds/m2• The number of bones in 
the individual squares goes up to 29 pieces/m2

• Of­
ten the highest frequency of animal bones was found 
several metres from the prehistoric lake shore (fig. 
11). 

In particular some of the larger bones and antler 
waste occurred in discrete concentrations, presum­
ably representing rubbish from individual house­
holds or butchering debris from individual hunting 
trips (fig. 12). Many of these small "dumps" are with­
in a range of 5 m of the lake shore; further out such 
bone clusters are absent, and here all bones and 
antlers are lying individually (fig. 11 bottom). 

The composition of these "bone heaps" varied 
considerably, but generally they consisted of pine 
marten skeletons, bones of wild boar, or of red deer 
antlers - often 3-4 pieces lying in a way showing that 
they must have been deposited contemporaneous -
either tied together before being thrown out into 
the lake or deposited on the surface during periods 
when it was possible to walk on the ground surface 
(in dryer or colder seasons). During post-excavation 
analysis it has been possible to refit several bone 
and antler fragments, thereby linking together some 
of these bone-clusters. As regards fish bones the 
number is generally low, but they occur in delimit­
ed concentrations along the prehistoric lake shore; 
further out in the lake the number of fish bones is 
very low and here only larger bones such as verte­
brae are found. 

The Erteb0lle horizon is also characterised by the 
presence of many branches, tree trunks and stones, 
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generally the size of a fist, but sometimes larger - up 
to the size of a head. They are especially numerous 
in the top layer, where their frequency is high (up to 
25- 30 stones/m2

). Frequently these stones have been 
heated before being deposited in the lake ("cooking 
stones"), but many show no distinct trace of utilisa­
tion or heating. At present we can give no reasona­
ble explanation for the presence of these stones, but 
it is evident that they were disposed of in the lake 
from the settlement proper during the occupation 
period. 

THE FINDS 

With few exceptions all the excavated material is 
artefacts and waste from the Late Mesolithic Erte­
b0lle- and Early Neolithic Funnel Beaker Cultures. 
Some microliths from the Maglemose- and Konge­
mose cultures are the only finds which do not be­
long to the main (Erteb0lle) occupation phase. 

The thickness of the waste deposits and the typo­
logical changes in the artefact inventory also sup­
port the impression of a long duration of occupa­
tion. 

If we look at the thickness and extent of the waste 
deposits associated with the different occupation 
phases it is evident that two thirds of the Erteb0lle 
horizon belongs to the younger Erteb0lle. This in­
dicates a clear expansion of settlement area and in­
tensity during the Late Mesolithic period. This has 
not been observed before at an inland Erteb0lle set­
tlement, and interestingly enough it fits excellently 
with observations from contemporary settlements 
on the coast (Andersen 1995, pp. 48). 

The horizontal distribution of artefacts demon­
strates that the occupation expanded in a horizon­
tal direction and that the southern part of the "dump 
zone" is the youngest. 

It is important to note that no significant differ­
ence between the land area and the lake area can 
be demonstrated with respect to the occurrence of 
individual implement types, but the frequency of 
debris is higher on the actual settlement area. In 
addition there is a clear tendency towards the oc­
currence of larger (and heavier) objects in the lake 
than on dry land. 
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Finds from the Ertebelle habitation area proper 

In the settlement proper on dry land the archaeo­
logical remains consist of flint artefacts and flint de­
bris, fire cracked stones {"cooking stones"), charcoal, 
potsherds and a few fragments of animal teeth. The 
frequency of flint debris and worked flints is low 
compared to what is found at contemporary Erte­
belle coastal sites. Apart from some microliths and 
rhombic points from visits at the site in earlier Meso­
lithic periods {Maglemose and Kongemose cultures), 
all the artefacts of flint belong to the Ertebelle peri­
od - especially the late Ertebelle, but a number of 
scale-worked flakes also demonstrate settlement in 
the older Ertebelle period {fig. 15){Andersen 1979a). 

Finds from the Ertebelle horizons in the lake 

A number of implements of flint, bone, antler, pot­
tery and wood of the types common in the Erte­
belle Culture were found in the "dump" in front of 
the settlement. However, some "new" types areal­
so present. 

The artefact types are the same as those known 
from other sites covering the same time span, but it 
is interesting that the relative proportions of the types 
differ markedly from what is found at the well known 
coastal sites. 

Due to the long duration of settlement and the 
well documented stratigraphy and 14C sequence we 
can observe several changes in the total artefact in­
ventory. Some of these are only gradual and minor 
proportional changes, while others, i. e. the intro­
duction of ceramics, are more abrupt and interest­
ing from a cultural historical viewpoint. 

The flint inventory is characterised and dominat­
ed by tools on blades made by a "soft" technique; 
especially by many blade scrapers, angle burins on 
a break, denticulate and micro-denticulate blades -
types which are typical for the west Danish Erte­
belle culture (Jensen 1994, pp. 51 and fig. 13, 3-5) 
and transverse arrowheads, while borers, truncated 

Fig. 16 A selection of the characteristic flint types from 
Ringkloster. scrapers (a-d), burins (e-f, 1-m) borer (g) 
microdenticulated and denticulated blades (h-k) and 
transverse arrowheads (n). (2:3). Louise Hilmar and F. 
Bau del. 
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blades and axes {especially flake axes) are very few 
{fig. 16-17). 

Together with these flint artefacts were found a 
large number of transverse arrowheads of the late 
Ertebelle type with expanding edge; also the type 
made on biconvex flakes dating to the older Erte­
belle is present. 

The number of axes is exceptionally low, flake 
axes in particular being rare in relation to the area 
excavated compared with other {coastal) Ertebelle 
settlements; besides the flake axes are small and ir­
regular in size {fig. 17). We have a few axes of green­
stone {diabase), one of which was extraordinary in 
having a shaft-hole {fig. 17 bottom). 

A group of 21 complete blade scrapers, 18 bro­
ken scrapers as well as two burins and a blade borer 
have been investigated for traces of wear (fig. 16). 
Of the 21 complete scrapers, 17 were used for work­
ing hide. With the exception of two, the polish was 
interpreted as coming from dry hide. Only 4 showed 
wood-working polish. With these results in mind one 
would expect to find the same frequencies of worked 
materials within the group of broken scrapers, but 
surprisingly the hide/wood ratio turned out to be 
the opposite as 13 had been used for working wood, 
while only 5 showed polish from working hide. The 
wood-working pieces were very short (between 22 
and 29 mm long), while the hide-working tools were 
all between 32-44 mm long. 

The analysis of the Ringkloster scrapers suggests 
that short broken scrapers may not only be the re­
sult of heavy use, but could represent a separate func­
tional and morphological group produced for work­
ing wood, while the complete scrapers in contrast 
seem to be hide working tools (Jensen 1982, pp. 224-
225). 

Approximately 60% of the lateral edges of the 
complete scrapers showed work polish, in most cas­
es produced by wood, more occasionally by plant 
materials. This means that the blades were primari­
ly produced and used as unretouched tools, and only 
served secondarily as blanks for retouched pieces. 

A sample of 47 blades from the "dump" area in 
the lake has been analysed for traces of wear on the 
edges; of these 30% had been used for working 
wood, 17% for plant materials, 13% for fresh hide, 
9% for dry hide, 9% for meat, 6% for meat and bone 
and finally 17% for bone and/or antler. In compari­
son with other Ertebelle sites the Ringkloster blades 
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Fig 17 Core axe with specially treated edge (top left) 
and three flat flaked, symmetrical flake axe (right); the 
Ringkloster axes are generally smaller and more 
irregular than the flint axes on the contemporary 
coastal settlements. Green stone (diabase) axe with 
shaft hole (bottom left); diabase axes are extremely rare 
onjutland inland Ertebolle sites. The type with a shaft 
hole is probably a local Ertebolle replica of (imported) 
Central European "Breitkeil"s, which are not known 
from Ringkloster, but from several other Late 
Mesolithic Ertebolle settlements in Easternjutland 
(2:3). F. Bau, Louise Hilmar and]. Miirmann-Lund del. 



show a higher frequency of use for fresh hide, wood 
and bone/antler, while plant and dry hide is less 
dominant Qensen 1986, p. 24, Table 2). 

The micro-denticulate blades, which seem to be 
a (regional) west Danish phenomenon, have also 
been analysed for traces of wear by Helle Jueljensen, 
who came to the conclusion that contrary to the gen­
erally held opinion these tools were not used for cut­
ting or sawing, but with a transverse motion per­
pendicular to the edge; her results seem to support 
the opinion that these artefacts were used in contact 
with siliceous plant stems - probably some kind of 
ripping and/ or hacking of fibres. These implements 
reflect probably a "Neolithic" non-subsistence-relat­
ed type comparable to the early ceramic produc­
tion, and were an integrated part of Danish Meso­
lithic technology several centuries before the actual 
introduction of animal and plant husbandry ca. 3900 
BC Qensen 1989, p. 135; 1994, p. 5-68 and fig. 13, 
4-5). 

Summarised, the Ringkloster flint industry is char­
acterised by many scrapers used for hide-working, 
burins, denticulate and micro denticulate blades and 
transverse arrowheads. 
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Fig. 18 Antler axes with the 
shaft hole near the burr 
(from the lower part of the 
"dump zone") (Older 
Erteb0lle culture) (bottom) 
and with the shaft hole 
through the base of a sawn 
off tine (so called ,T­
shaped" antler axe) 
(Younger Erteb0lle culture) 
(top). Photo P. Dehlholm. 

Tools of the usual Erteb0lle types of bone and 
particularly red deer antler are also common, yet 
typologically uniform. In comparison with Erteb0lle 
coastal sites, Ringkloster is characterised by a large 
quantity of red deer antler axes and antler waste, 
whereas bone implements are rare. A total of 677 
pieces of antler have been recovered, of which ca. 
55-60 % were worked. In this respect Ringkloster is 
similar to Stellmoor and Star Carr, which also both 
are characterised by large numbers of worked ant­
ler disposed of or cached in the lake in front of the 
site, It has been argued that both sites were special­
ized hunting stations (Gr0nnow 1987; Legge & Row­
ley-Conwy 1988). 

Among the antler and bone artefacts we also find 
marked differences in the relative frequency of the 
different types. Red deer antler axes are numerous, 
and occur in two distinct types: deeper in the Erte­
b0lle layer were those with the shaft-hole near the 
burr (19 pieces) (fig. 18), while higher up, were the 
T-shaped variety with the shaft-hole through the base 
of the tine (79 pieces). The T-shaped antler axe has 
a clear regional distribution in western Denmark, 
and is one among several west Danish Erteb0lle 
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Fig 19. The distribution ofT-shaped red deer antler axes (left) and "bone rings" made of scapulae (right). Some of 
the North German finds have square cuttings in the scapulae - a variant also known from Ringkloster. If we look at 
the number of the various types at the individual settlements, it is evident that the sites of central Eastern jutland 
must have formed a dynamic centre for the production of these types. S. Kaae del. 

types which reflect contacts between this region and 
north continental Europe, where the T-axe has a 
wide distribution (fig. 19 left). 

The Ringkloster material also includes several 
semi-products, fragments of antler axes, and much 
characteristic waste from the production of antler 
axes of both types. Wooden shafts of hazel ( Corylus 
avellana), rowan (Sorbus sp.) and dogwood ( Cornus 
sanguinea) have also been found (fig. 14). A plot of 
the vertical distribution of the antler axes demon­
strates three well defined horizons separated by lay­
ers without any axes; the early type of antler axe 
belongs to the non-ceramic occupation phase, while 
the T-axes form two distinct horizons within the ce­
ramic Ertebedle period; it is also interesting to ob­
serve that there are no antler axes in the youngest 
horizon. 

A new type in Danish Erteb0lle finds are chisels 
or burnishers made of sawn-off tines with a bevel at 
the tip, of which a long, narrow, tongue-shaped edge 
has been fashioned on the concave inner surface; 
two chisels have a perforation at the base. Strikers 
are very common; among these is a group of 5 whose 

surface has been scraped smooth - a type unknown 
from other Jutland Erteb0lle settlements (fig. 20 g). 

Only one antler with traces of groove-and-splin­
ter technique is present. This is remarkable, as such 
pieces are common at coastal Erteb0lle sites. The 
explanation for this is that antler with groove-and­
splinter technique is waste from the production of 
harpoons (Andersen 1972). Apparently such produc­
tion did not take place at Ringkloster. 

Fragments of finely polished shafts ("batons") of 
red deer antler are also a part of the Ringkloster 
inventory (Andersen 1981, pp. 24-38), as well as nice­
ly polished sawn-off tines of red deer antler. 

Thirteen shoulder blades of aurochs, wild boar 
and red deer, from which at least 17-19 discs of var­
ying size have been cut, were also found (fig. 20a). 
It was possible only to cut one disc from the smaller 
shoulder blades, while series of up to 3 discs have 
been cut from the much larger shoulder blades of 
aurochs. The bone discs served as raw material for 
the production of bone rings, of which 3 fragments 
were found (fig. 20b). Here again we have one of 
the regional west Danish Erteb01le types, which oc-



cur at several of the larger settlements especially in 
central easternjutland (fig. 19 right). They are also 
known from sites further south, e.g. from Hilde I in 
the Dummer in Niedersachsen, Spoolde in central 
Netherlands (Clason 1986 fig. 12, p. 86), Grube­
Rosenhof in Holstein (Schwabedissen 1994) and an 
unpublished site near Prohn in Mecklenburg, and 
they underline the close contacts between the West 
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Fig 20 Various artefacts of antler 
and bone: a) Shoulder blade from 
aurochs used as rawmaterial for 
bone discs (rings), b) Fragment of 
a "bone ring" from a shoulder 
blade of aurochs (Bos primigenius), 
c-f) simple bone points made on 
irregular bone splinters (d-e) and a 
more regular piece of bone (f) and 
g) Striker of a smoothed tine of 
red deer antler (a 1:3, the rest 2:3). 
F. Bau and]. Mtirmann-Lund del. 

Danish Erteb0lle culture and contemporary groups 
further south (Deichmtiller 1969, p. 33, Abb. 2, 1). 
However the number of cut shoulder blades (and 
the number of bone discs) at Ringkloster is far greater 
than at any other settlement in this part of Denmark. 
It is evident that production of bone rings was an 
essential activity at the site. The use of these bone 
rings is still unknown; maybe they served as orna-
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ments or as part of the clothing. Their similarity to 
the well known Rossen marble rings is striking, and 
maybe the west Danish bone rings are imitations of 
these and therefore are another element stressing 
the contacts/influences between the Danish Erte­
b0lle Culture and central European (Neolithic) 
groups. 

The number of bone points is very low ( 13 piec­
es). The majority (10) are made on irregular bone 
splinters with a short point. Only 3 are regular round­
sectioned points (fig. 20 c and f). Waste products 
from the manufacture of such points are correspond­
ingly rare. Not only the number, but also the form 
of these points, which otherwise are one of the most 
characteristic and numerous Erteb0lle bone artefacts, 
is in sharp contrast to what is found at coastal Erte­
b0lle sites (Andersen 1985; 1991; 1993). 

Fig. 21 Curved bone knives from rib bones (,skinning 
knives" (left). Tusk of wild boar (Sus scrofa) modified 
into a scraper or chisel (right) (2:3). F. Bau and 0. 
Svensen del. 

A special Ringkloster type is a curved bone knife 
made of elk or aurochs rib, of which 15 (and one 
semi-product) are recorded (fig. 21 a-b). They are 
oblong with a pointed, slightly rounded tip and edges 
which are not really sharp, but are smooth and 
rounded near the point and rounded or not worked 
at all further up the handle. Seen in profile they are 
curved. Semi-products show that they were pro­
duced at the site. Knifes of this type are only known 
from Ringkloster, and an interpretation is therefore 
difficult, but they could easily have served as skin­
ning knives, a function which fits well with the round­
ed tip and edges. However, they resemble similar 
artefacts known from Swiss (Neolithic) lake dwell­
ings, at which they are often found in bundles of 2 
to 5 tied together, and are interpreted as tools for 
whittling plant fibres (e.g. Bleur et al. 1993, Taf. 81, 



8-14 and Taf. 84, 13-15). A similar interpretation may 
also be valid for the Ringkloster pieces. No bone 
fish hook of the Erteb0lle type is recorded. 

Worked lower canines of wild boar were com­
mon; most frequently they were used as boars' tusk 
knives; one had been worked into a chisel (fig. 21 
c); several tusks show traces of lengthways splitting 
and one piece has a perforation - made clearly with 
the intention of making ornaments from the outer 
side of the tusk (the enamel side); such ornaments 
are well known from Limfjord Erteb0lle sites e. g. 
Bj0rnsholm (Andersen 1993, 84, fig. 26) and Erte­
b0lle (Madsen et. al. 1900, Plate VII lower row). 
One outer side of a tusk has been cut into a rectan­
gular enamel plate, and another shows traces of per­
foration by drilling. From the Brabrand settlement 
a piece of wild boar tusk is also known, which had 
been sawn off at one end (Thomsen 1906, p. 35). 

In two cases the whole front part of the lower 
jaw has been broken off and used as a tool with the 
tusks still in place. Similar objects are known from 
other Erteb0lle sites such as Tybrind Vig (Andersen 
1985) and 0lby Lyng (M0hl1971), and this is a type, 
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Fig. 22 Pointed bottom vessels of the middle and small 
size (left and bottom right) and "lamps" (top right). P. 
Dehlholm photo. 

which must also be included in the Erteb0lle bone 
inventory. 

A single lower jaw of a beaver has been used as a 
knife without any modification (S0rensen 1969). 

Three daggers of red deer ulna are present; one 
of them has a long tongue-shaped point very simi­
lar to the bone knives, and it is probable that this 
implement had a function similar to the bone knives. 

Only one piece of bone/ antler is decorated. The 
surface of a red deer vertebra is ornamented with a 
regular criss-cross motif on one side. This bone has 
been heavily used and the surface is shiny from wear. 

Summarised the bone and antler industry of Ring­
kloster is characterised by a large number of worked 
and unworked antlers; especially antler axes and 
strikers, whereas bone artefacts are few; the most 
prominent of these are shoulder blades used for the 
production of bone rings, and bone skinning knives. 
New types are chisels with a bevel, and curved bone 
knives. The small number of bone points stands in 
sharp contrast to the situation at contemporary coast­
al settlements, the lack of perforated animal teeth, 
and the absence of ornamented antler. 
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Fig. 23 The section at the pollen series "PI" and the vertical occurrence of typical Ertebolle and Funnel Beaker 
ceramics (left). The vertical occurrence of Ertebolle and Funnel Beaker pottery in relation to the pollencurves of elm 
(Ulmus sp. ), lime (Tilia sp.) and rib worth (Plantago lanceolata). The thin horisontalline traversing the pollen curves 
indicates the "Elm decline' and the beginning of a contemporary decrease of lime. Above the Ertebolle ceramics the 
curve of ribworth appears for the first time, and continues without interruption during the Funnel Beaker Culture 
(right). S. Kaae del. 

Ertebolle pottery is abundant and appear in two 
principal types - pointed bottomed vessels of at least 
3 different sizes and oval "lamps" in a smaller and 
larger variant (fig. 22). Besides the ceramics, lumps 
of stone-tempered but unfired clay have been re­
corded from the "dump-zone" in the lake. 

The Ertebolle ceramics have been analysed by 
Hulthen with respect to technique, tempering and 
raw materials (Hulthen 1977, pp. 42, 48 and 50). 
Eight samples of clay from within 1 km of the site 
have been analysed and compared with the ceram-

ics. Two different types of clay has been used: a 
coarse non-calcareous clay and a more calcareous 
type. For tempering were used crushed rock (feld­
spar and quartzite) or chamotte. About 45% of the 
pottery also has plant material mixed into the clay 
(Hulthen 1977). 

Pointed-base pots were found in large numbers -
at least 31 vessels are represented. Thus the high 
frequency of ceramics is another very characteristic 
element at the site. The pottery appears some time 
after the beginning of the cultural sequence, and the 
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Fig. 24 Decorated Erteb0lle pottery from Ringkloster (2:3). F. Bau del. 
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Fig. 25 Large fragment of a pointed bottomed pot 
decorated with a checkerboard pattern. From the 
Norsminde kekkenmedding in Norsminde Fjord, cf. fig. 
3. (2:3) F. Bau del. 

Ertebelle cultural horizon at Ringkloster therefore 
covers both the "non-ceramic" and the "ceramic" 
Ertebelle phases, i. e. the whole duration of the Erte­
belle culture. At Ringkloster the Ertebelle ceramics 
were present between 4700 and 3950 BC (fig. 23). 
The Ertebelle pottery reflects at least 3 distinct ce­
ramic horizons, of which the topmost contains the 
most sherds. It is also in this horizon that we find 
the oval "lamps" and the small vessels or "cups". 
The frequency and type inventory of the vessels re­
flect some general tendencies during the Ertebelle 
period. In regard to the technique and thickness of 
the vessels there is a gradual change from the pre­
dominance of a thick-walled type in "H" and "U" 
technique in the deepest horizon (with a mean thick­
ness of ca. 1.2 em), towards the predominance of 
thinner sherds in "N" technique in the top horizon 
(with a thickness of ca. 1 em), e.g. the smallest "cups" 
are only found in this layer. Also the rims undergo 
typological change during the occupation period. 
In the deepest ceramic horizon the rims are "deco­
rated" with nail and finger impressions, while this 

Fig. 26 Pottery found in the 
"transitional zone" between the 
Erteb01le and Funnel Beaker 
horizons in the "P 1" section, cf. 
fig. 10 and 23. (2:3) Louise Hilmar 
del. 

feature is absent in the upper part of the "dump 
zone". 

The Ringkloster Ertebelle pottery also reflect 
some local typological features. For example the 
body of the pots ranges from conical to cylindrical, 
while the bottom is rounded with an offset point; 
the rims are upright, intumed with a hollow colar, 
or everted. 

The pottery often contains deposits of charred 
food remains on the inside, but this has not yet been 
analysed. 

Most of the pots are undecorated, which is nor­
mal for Ertebelle vessels, but a few sherds (1-2%) 
exhibit decoration. This can be of three different 
types: rhombic patterns, irregular bands of stabs, and 
there is a distinctly finer type of pot with lines of 
double stabs (fig. 24). 



Fig. 27 Fragment of an axe-handle of hawthorn 
( Crataegus sp.). (2:3) J. Miirmann-Lund del. 

In Denmark rhombic designs on Erteb0lle pot­
tery are only known from Brabrand (Klindt:Jensen 
1947, pp. 21, fig. 11) and Flynderhage (Gabrielsen 
1953, pp. 12). Decoration with lines of separate stabs 
is found only on pottery from three Erteb0lle settle­
ments in the Brabrand area and two in the Nors­
minde area; from the Norsminde kekkenmedding 
comes a large fragment of a pointed bottomed pot 
decorated with a checkerboard pattern (fig. 25). 

Two sherds from settlements on Zealand are dec­
orated in a similar way, but their cultural associa­
tion is problematical (Becker 1939, pp. 263, fig. 21a; 
Mathiassen 1943, pp. 95, fig. 46, 15). In Sweden or­
namented Erteb0lle pottery is only known from the 
Loddesborg site Qennbert 1984, pp. 58, fig. 48), and 
where the sherds are strikingly similar to those from 
Ringkloster, both in the technique employed and in 
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the choice of motifs ( cf. fig. 24 and fig. 25). A small 
number of related sherds are known also from the 
north German Early Neolithic settlements of Rosen­
hof, Boberg, Travenbrtick (Hartz 1996 pp. 54, 1997 
pp. 179, Abb. 5,5). and DUmmer I (Schwabedissen 
1981 pp. 137, fig. 8, 1994 p. 398, Taf. 17, 1, p. 400 
Taf. 19, 7-8; p. 401, Taf. 20, 1-2; Schindler 1961 pp. 
28, fig. 7, 2; Deichmtiller 1965 p. 17, Abb. 8 f, h, i & 
Taf. 1, 4). 

The use of motifs such as rhombic and net pat­
terns and lines of points is familiar from decorated 
artefacts of bone, antler and amber in the west Dan­
ish Erteb0lle culture (Andersen 1981), but the deco­
rated sherds demonstrate for the first time the use of 
these motifs on another material (clay). 

All the decorated sherds from Ringkloster are 
securely dated to the Erteb01le occupation and are 
found both on dry land and in the "dump-zone" in 
the bog; they reflect a type of decoration which is 
very unusual in Danish Erteb0lle settlement finds. 
The double-stab motif however is completely un­
known from other Danish Erteb0lle sites. A related 
type of ornament is found on a vessel from the Ear­
ly Neolithic settlement of Mosegarden, ca. 20 km 
south of Ringkloster (Madsen & Petersen 1984 fig. 
18a). A similar decoration is known from a round 
bottomed vessel from Dtimmer I (Deichmtiller 1965 
Taf. 1, 4). 

In comparison with the many other Erteb0lle sites 
with pottery the geographical distribution of con­
temporary settlements with ornamented pottery is 
most striking, because they form a cluster in a small 
area of eastern jutland (fig. 39). The presence of the 
same type of decorative motifs and technique with­
in this geographically restricted group of East Jut­
land Erteb0lle settlements obviously point towards 
some type of contact(s) between the sites (see later) 

Of special importance is the presence of ceram­
ics at the pollen profile P1 (fig. 23). In the deepest 
part of the sequence ceramics are absent. Above this 
follows a ca. 30 em thick horizon with thick-walled 
Erteb0lle pottery in "U" -technique. This is followed 
by a ca. 10 - 15 em "sterile" horizon capped by a ca. 
30 em layer characterised by thin walled sherds in 
"U" and "N" technique (fig. 26). Unfortunately they 
are all uncharacteristic, so it is impossible to relate 
them to any specific cultural stage. However, the 
stratigraphic position tells that they represent an oc­
cupation at Ringkloster belonging to the youngest 
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Fig. 28 Bow of elm wood (Ulmus sp.), ca. 160 em long. F. 
Bau del. 

Fig. 29 (left) Fragment of a wooden arrow with a club­
shaped head of hazel wood ( Corylus av.). (1:3) F. Bau 
del. 

Fig. 30 (right) Wooden wedge for splitting tree trunks. 
(1:3)]. Miirmann-Lund del. 

Ertebolle or the transition between the Ertebolle and 
Funnel Beaker culture. Above this comes ca. 20 em 
"sterile" gyttja capped by a ca. 25 em thick, horizon 
with thin walled pottery of Funnel Beaker type in 
"N" technique". 

The "dump zone" contained a number of sharp­
ened and pointed hazel stakes (between 15 and 200 



Fig. 31 Fragment of a spear or 
lance of ash wood (Fraxinus 
exc.). (2:3)]. Miirmann-Lund 
del. 

Fig. 32 Straight and cylindrical stick 
of oak (Quercus sp.) -probably a 
"digging stick". (1:4) F. Bau del. 

em long) which probably derived from destroyed 
fish weirs in the prehistoric lake. However the 
number of such stakes is much lower at Ringkloster 
than at coastal Erteb0lle sites. This is probably due 
to a combination of the season when the site was 
occupied (see later) and the steep lake bottom, which 
must have made it difficult to set up fish traps in the 
lake in front of the site. Chips from preparing and 
splitting of wood are numerous. 
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Fig. 33 Lower part of a paddle made of ash (Fraxinus 
exc.). (2:3) F. Bau del. 

Wooden artefacts were also found, but due to the 
large amount of natural wood embedded in the lay­
ers and the technical difficulties of the excavation 
(the depth of the cultural horizons and the high wa­
ter level), they were difficult to recognise and there­
fore relatively few were recovered. Among them are 
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Fig. 34 Oyster shell (top left) and amber pendants. The 
large amber ornament has a nicely polished surface 
with an incised net pattern and a figure (person?) on 
one side. At the top this pendant has two perforations 
for the string. (2:3) F. Bau and]. Miirmann-Lund del. 

a semi-product of an axe-handle of hawthorn (Gratae­
gus sp.)(fig. 27), an unfinished bow, and two finished 
bows of very different size and type. Both are made 
of elm (Ulmus sp.) (determined by P. Wagner). The 
large fragment was of a bow that had originally been 
ca. 180 em long with a round cross section. This 
type is unique in the Danish Mesolithic record be­
ing longer, more slender, and having a rounder cross 
section than other Danish Ertebedle bows. The oth­
er bow (fig. 28) is intact (ca. 160 em long) and iden­
tical to bows known from Ertebellle sites like Tybrind 
Vig (Andersen 1985 p. 64, fig. 16a). A 35 em long 
fragment of the front part of a wooden arrow with a 
club-shaped head of hazel wood ( Corylus avellana) is 
also recorded (fig. 29). Three wooden wedges for 
splitting tree trunks are the first specimens of this 
type recorded in the Danish Mesolithic (fig. 30). Sim­
ilar wedges are well known from the Swiss Neolith­
ic (Waterbolk & van Zeist 1991 pp 133-135, fig. 125-
129). Slender spears or lances of ash (Fraxinus excel­
sior) - an artefact type well known from other Erte­
bolle settlements such as Satrup (Schwabedissen 
1960 p. 12, Abb. 6 c) and Tybrind Vig (Andersen 
1985 pp. 61) are also a part of the Ringkloster in­
ventory in wood (fig. 31). Among this group ofim­
plements are also two straight and cylindrical sticks 
of oak (Qyercus sp.), respectively 1 and 1.5 m long 
with diameters of ca. 3 em (fig. 32). No similar arte-

Fig. 35 Finds from the Early Neolithic Funnel Beaker 
horizon in the "dump zone" in the prehistoric lake. 
Fragment of a polished thin butted axe (left) and a 
transverse arrowhead made from a flake taken from a 
polished, thin butted axe (right). (2:3) F. Bau del. 

facts are known from other Danish Mesolithic set­
tlements; the use of oak is extraordinary and may 
indicate a function demanding a rather strong wood, 
e.g. some type of digging stick. 

Also a fragment of a dug-out canoe and the low­
er part of a paddle of ash (Fraxinus excelsior) have 
been recorded (fig. 33). 

"Exotica" 

One of the more extraordinary objects at Ringkloster 
were 13 oyster shells ( Ostrea edulis), which were found 
scattered in the "dump area" (fig. 34). Only flat shells 
are represented, and they must be shells deliberate­
ly brought to the site from the coastal region. They 
are best interpreted as being a special type of arte­
fact used for cutting and/ or scraping purposes. The 
strong, sharp and even perimeter of the flat oyster 
shell could have been used directly as a knife or 
scraper without further preparation. The use of such 
"shell scrapers" or knifes was probably very com-



mon in the Erteb0lle culture, but because of the 
millions of shells in the coastal middens and their 
lack of secondary working they have understanda­
bly been overlooked hitherto. Their presence in the 
bog is unambiguous evidence of contacts between 
Ringkloster and the nearby coast. 
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Fig. 36 Undecorated funnel beaker of "Volling" or "B"­
type found in direct association with pollenseries "P1" 
(cf. fig. 10 and 23) (1 :2) E. Koch del. 
Rim sherd of an Early Neolithic Funnel Beaker with a 
short neck and ornamented with a row of small stabs 
below the rim (left) (2:3) Louise Hilmar del. 

Amber was used for pendants, of which two were 
found (fig. 34)- a small, simple bead with a perfora­
tion and a large, oval pendant with a carefully pol­
ished surface in which there is an incised ornament 
(a person?) on one side (Andersen 1981, pp. 44, fig. 
26). 
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Fig. 37 Shoulder blade of wild boar (Sus scrofa) with a healed lesion from an arrow wound. (1:2) P. Dehlholm photo. 

Finds from the Funnel beaker horizon in the hog 

The youngest horizon in the "dump-zone" contained 
thin walled pottery, fire cracked stones, charcoal, 
some flint debris and a transverse arrowhead made 
on a flake from a polished flint axe (fig. 35). Among 
the finds is a ca. 28 em high, undecorated funnel 
beaker ofVolling type (Early Neolithic I), which gives 
a clear typological dating of this horizon9 (fig. 36) 
(Madsen & Petersen 1984). The finds also include a 
rim sherd of another Early Neolithic Funnel Beaker 
with a very short neck - a type which is known from 
the oldest Neolithic levels in the stratified shell mid-

9 The Early Neolithic funnel beaker fig. 36 has earlier 
been published by H. Tauber (Tauber 1971, p. 395). 

dens, e. g. the nearby Norsminde kflkkenmfJdding(An­
dersen 1991 p. 36, fig. 22)(fig. 36). From the area at 
the prehistoric lake shore comes the rear part of a 
broken, thin butted and polished flint axe (fig. 35). 

The finds from this horizon are few and must re­
flect a rather short occupation phase - an observa­
tion which is supported by the lack of Early Neo­
lithic material from the excavation on the settlement 
area on the lake shore. 

DATING AND CULTURAL CONTEXT 

The archaeological material from Ringkloster shows 
that the main occupation of the site belongs to the 
Late Mesolithic Erteb0lle culture; there is also a thin 
horizon from the early Neolithic Funnel beaker cul-
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Fig. 38 Cranium of pine marten (Martes martes) (top) with clear cut marks across the brow from the use of flint knifes 
as a result of skinning (arrows) and symmetrical fracturing of the rear of the skull - probably caused by a sort of trap 
(arrows). A cranium of fox ( Vulpes vulpes) with similar traces of skinning is seen at the bottom. E. Morville del. P. 
Dehlholm photo. 

ture; furthermore there are a few traces of older 
(Maglemose and Kongemose culture) activities on 
the site. 

The cultural horizons have been dated both by 
archaeological typology and by 14C dating, and the 
results agree well. 

The deepest section of the cultural sequence in 
the lake deposits contains artefacts belonging to the 
early, "aceramic" Erteb0lle phase, which is not 14C 
dated at Ringkloster, but is well documented by ar­
tefact typology. By comparison with the Norslund 
sequence this phase must be dated to 5400-4700/ 
4800 BC (Norslund layers 3-4)(Andersen and Malm-

ros 1965, 1981), while the finds and several 14C dates 
from the middle and upper part of the drift gyttja 
indicate that the Erteb0lle occupation period at Ring­
kloster cover the time span 4710-3990 BC (K-4367 
and K-4369)(All 14C dates are given in calibrated 
years following Stuiver & Reimer 1993)and that the 
habitation has been especially extensive and intense 
right through the "ceramic" or middle and younger 
Erteb0lle (4700-4000 BC) (Norslund layer 1-2), last­
ing until the transition from the late Mesolithic to 
the early Neolithic. 

Of special importance is the clear stratigraphical 
horizon of the early or "aceramic" Erteb01le culture; 
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tool types from this period, e. g. scale-worked flakes 
(Andersen 1979a) have also been recorded from the 
habitation area on land, demonstrating that at Ring­
kloster occupation in this period was extensive (fig. 
15). On the exclusive basis of results from Amose 
on Zealand it has so often been claimed in the Dan­
ish archaeological literature that there was no in­
land settlement in the older Erteb0lle, and that this 
lack was a function of a less productive inland bi­
otope during the Atlantic period, which more or less 
"forced" the Mesolithic population out to the coasts. 
This is obviously not the case at Ringkloster, where 
the finds demonstrate that early Erteb0lle inland oc­
cupation not only took place, but was on a fairly 
large scale. Some of the above statements may have 
originated from a purely local Amose phenomenon 
(Troels-Smith 1960 pp. 99-100; 1967 pp. 522; Iversen 
1967 pp. 404; Aaris-S0rensen 1988 pp. 197). 

The Mesolithic-Neolithic transition at Ringkloster 
is dated to 3940-3820 BC (K-4371) (3970-3790 BC 
with one standard deviation), a result which corre­
sponds nicely with the dates obtained at the nearby 
Norsminde kokkenmodding(Andersen 1991) and sev­
eral coastal settlements in the Limfjord region, e. g. 
Bj0msholm (Andersen 1993). The dating of the Me­
solithic/Neolithic transition at Ringkloster is of spe­
cial interest and importance, because it is the first 
determination of this border from a well-defined cul­
tural sequence at a Danish inland site (fig. 23). 

The sterile horizon between the Erteb0lle and 
the Funnelbeaker Layers (cf. figs. 10 and 23) and 
the 14C datings show that there was a short "break" 
in the occupation at Ringkloster during the Meso­
lithic-Neolithic transition. 

The youngest cultural horizon in the prehistoric 
lake is typologically dated to the early Neolithic Fun­
nel Beaker culture, which agrees well with the 14C 
result of 3630-3550 BC (K-4372) (3650-3510 BC with 
one standard deviation), and 14C dates from other 
west Danish (coastal) sites such as the stratified 
kokkenmoddinger Norsminde (Andersen 1991) and 
Bj0msholm (Andersen 1993) (fig. 23). 

73 C analysis 

Despite the large number of well preserved animal 
bones (ca. 4. 000), no human skeletal remains were 
preserved. This was a clear contrast to the situation 

on the coastal Erteb0lle settlements, where scattered 
human bones (and individual burials) are frequent­
ly found in the "dump zone". Human bones at the 
coastal sites are explained as being the remains of 
secondarily disturbed Mesolithic graves, e. g. at Ty­
brind Vig (Andersen 1985). In accordance with these 
observations, the situation at Ringkloster indicate 
the absence of such graves at the site. 

In view of the long occupation it cannot be coun­
tenanced that no inhabitant died at the settlement. 
In view of the extensive excavation it was a surprise 
that no burial place/cemetery was found. The ex­
planation could be either that burials were of an­
other type than those known from the coastal sites, 
or else that the dead were transported and buried at 
a settlement far from Ringkloster. 

In an attempt to find material for 13C analysis, 
bones from 4 (Erteb0lle) dogs have been analysed10• 

All belong to the Erteb01le occupation. The 13C con­
tent of three of the dogs showed a clear dominance 
of terrestrial food (-18,8 %o, -20,0 %o and -21,3%o 
respectively), and one of marine food (-11,8 %o) (Tau­
ber 1981). 

The high marine content in one of the animals 
indicates that this dog (which also was the youngest, 
but older than 1-2 years) must have lived on a ma­
rine diet (at the coast), while the others must have 
lived at least for some time at the inland site before 
they died. With due reservation this analysis must 
indicate contact between Ringkloster and the coast. 
Similar studies have been made of dog bones from 
settlements in the Amose area on Zealand (Noe-Ny­
gaard 1988). 

ECONOMY 

Hunting is indicated by thousands of bones, mainly 
of mammals, while bones of birds and fishes are few 
(Rowley-Conwy 1998 - this volume; Enghoff 1998 
- this volume). Of these bones only four demonstrate 
well defined hunting injuries: a vertebra of a red 
deer, two left and a right scapula of wild boar (Noe-

10 K-386: -20, 0 %o (adult/ "older dog") 
K-387: -11, 8 %o (adult/"younger dog") 
K-388: -22, 9 Ofoo (bone of Cervus elaphus/ Red deer) 
K-4132: -21, 3 %o (dog)(I4C: 4030- 4000) 
K-4133: -18, 8 %o (dog)(I4C: 4320- 4260). 



Fig. 39 The occurrence of ornamented pottery on 
Erteb01le settlements in Eastern jutland contemporary 
with Ringkloster. S. Kaae del. 

Nygaard 1974 p. 225-226 and fig. 8, pp. 233-234 
and fig. 14, Plate VIII a1-2) and (fig. 37). 

Stratigraphical analysis of the faunal material 
demonstrates that in general terms the frequency of 
wild boar and aurochs remained unchanged through 
time, while red deer and pine marten appear in more 
restricted "horizons" - probably reflecting individu­
al occupations or seasonal hunting "episodes". All 
the evidence therefore points to the economy of the 
site being constant during the long occupation peri­
od. This must mean that the biotope and resource 
potential remained the same, and that these factors 
combined with the excellent topographical position 
may explain why so much settlement material ac­
cumulated here and why Ringkloster became so 
large in contrast with other jutland Erteb01le inland 
settlements. 
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The most common mammal is the wild boar (Sus 
scrofa) followed by the red deer ( Cervus elaphus), au­
rochs (Bos primigenius) and roe deer ( Capreolus capre­
olus); a few bones of elk (Alces alces) are also present. 
The only domesticated animal is the dog (Canis fa­
miliaris). The faunal remains (and the great number 
of antler waste and antler tools) demonstrate that 
hunting of wild boar and red deer was of major im­
portance 

Of special interest is a very high frequency of 
bones of animals with fur, especially pine marten 
(Martes martes). These were normally found articu­
lated and in heaps of several individuals, i. e. they 
have not been eaten, but have been discarded in­
tact without being cut up. Distinct symmetrical frac­
tures or round holes in the rear of the craniums of 
these animals, and also transverse cut marks across 
the front of the snouts, are best interpreted as traces 
of the traps in which they were caught and of the 
subsequent skinning with flint knives (fig. 38). These 
observations tell us that we are not dealing with "nor­
mal" use of these animals (for food), but with a more 
specialised activity; i.e. the reason that the pine mar­
tens were hunted was because of the fur. This fits 
also with the archaeological material. The number 
of pine martens at Ringkloster surpasses what is 
known from most other Danish Mesolithic settle­
ment; only the coastal Erteb0lle site Tybrind Vig 
has a similar high number of these animals (Trolle­
Lassen 1986). This strongly suggests that trapping 
for pelts was an essential part of the activities at this 
site. Other animals in this category are otter (Lutra 
lutra), wild cat (Felis silvestris), badger (Meles meles) 
and fox ( Vulpes vulpes), which were also hunted for 
their furs. The fact that no less than 28.4% of the red 
deer and 18.6% of the roe deer are newborn- an 
aspect of the faunal assemblage in which Ringkloster 
also differs from other Erteb0lle settlements - prob­
ably reflects hunting for the fine, white-spotted skins. 

The hunting activities fits nicely with the archae­
ological material, which is dominated by arrow­
heads, scrapers for skins, bone skinning knives, "oys­
ter-scrapers" and many blades. 

The presence of two bones of (wild) horse (Equus 
ferus) is interesting. Their stratigraphical position in­
dicates the Erteb0lle period, which means that they 
must come from wild horses. So far only one horse 
bone has been found - at the Erteb0lle site of Bra­
brand, not far from Ringkloster (fig. 1 and 3). A 14C 
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Fig. 40 Models of the Late Mesolithic, Erteb~dle settlement system in Eastern Jutland. As two, individual systems, 
"Forest hunters" and "Coastal Fishermen" (left) and as one, single unit with seasonal movements from the coastal 
region into the interior (right). cf. fig 3 S. Kaae del. 

date places this horse clearly in the Erteb0lle cul­
ture {4350 BC {K-2651) {4450-4260 BC with one 
standard deviation). {Davidsen 1978 p. 145), and 
thereby also supports the assumption that the Ring­
kloster horse bones are of Erteb0lle age, and that 
there were wild horses in easternjutland in the At­
lantic period. These findings demonstrate that parts 
of the biotope of Jutland in the Late Atlantic must 
have been favourable to this animal, i. e. there were 
open grass covered areas, rather different from the 
normal description of the environment of this peri­
od as a dark, primeval lime/ elm and oak forest {Tro­
els-Smith 1960 p. 98; Iversen 1967 pp. 399-402). 

More extraordinary is the presence of 3 bones of 
bottle-nosed dolphin ( Tursiops truncatus), which are 
a further proof of contact{-s) between Ringkloster 
and the coast. 

Birds are surprisingly few - especially if the loca­
tion of Ringkloster beside a fresh water lake is re-

membered. They include red throated diver (Cavia 
stellata) {the most common species) as well as sea 
eagle (Haliaetus albicilla) and swan {Cygnus sp.). 

Fish bones are also found - especially along the 
prehistoric lake shore where they occur in restrict­
ed concentrations - while further out in the lake on­
ly scattered and larger fish bones {mainly vertebrae) 
are recorded {Enghoff 1994 p. 85 ff; 1998 - this vol­
ume). Compared with contemporary coastal Erte­
b0lle settlements the number of fish bones and spe­
cies is small, which also is in accordance with the 
small number of remains of stationary fish traps and 
the lack of fish hooks. Other types of fishing equip­
ment are also lacking, which may be compared not 
only with the coastal sites, but also with contempo­
rary inland settlements in Satrup Moor, such as Rude 
2 and Forstermoor, where both leisters, netfloats and 
nets are known (Schwabedissen 1960 pp. 14-15, Abb. 
8 a-b, Abb. 9 a, c and e). 



The archaeological as well as the zoological ma­
terial seems to indicate that fishing and fowling were 
of minor importance in the Ringkloster economy. 

The fish material is dominated by species living 
in Danish freshwater lakes, and the majority derive 
from the Cyprinidae family (roach (Rutilus rutilus), 
whitebream (Blicca bjoerkna), rudd (Scardinius erythrop­
thalmus) or bream (Abramis brama). The second most 
frequent species is pike (Esox lucius), followed by 
perch (Perea fluviatilis), while the remaining species 
are only represented by a few bones. 

During the analysis of the fish bones it came as a 
great surprise to find that a distinct part consisted of 
marine species: Cod (Gadus morhua), saithe/pollack 
(Pollachius sp. ) and plaice/flounder/ dab (Pleuronectes 
platessa/Platichthys jlesus/Limanda limanda) (Enghoff 
1994). Therefore, the fish species also demonstrate 
contact(s) between Ringkloster and the coast, but it 
is impossible to tell in which form these fishes came 
to the site. 

Shells of freshwater bivalves (Anodonta sp. and 
Unio sp.) were also found in the deepest horizons in 
the prehistoric lake. As the molluscs must have lived 
in the Mesolithic lake adjacent to the settlement it is 
an open question whether their presence at Ring­
kloster is as waste from food gathering, or whether 
they are a natural part of the lake sediments (or a 
mixture of both). From the Amose region on Zea­
land small (inland-) "middens" of these species are 
well documented, but in these cases they are found 
at the settlement proper (Noe-Nygaard 1983 pp. 135-
137; 1995 pp. 63-64, fig. 30). The most reasonable is 
to assume that the collecting of freshwater bivalves 
and snails was yet another part of the economy in 
the Ertebolle period at Ringkloster. 

A few Garden Snails ( Cepaea hortensis) are also 
recorded from the lake - a species which is also fre­
quently recorded in the kitchen middens, but always 
in small numbers (Petersen 1987 pp. 77-84). 

Gathering is first and foremost documented by 
the presence oflarge numbers of hazelnut shells (Co­
rylus av.), which were a substantial part of the debris 
in the "dump-zone". Collecting of hazel nuts has 
quite obviously been an essential aspect of the econ­
omy at this site. 

Samples of gyttja from the "dump" have been 
analyzed for seeds and fruits. The species of dog­
wood ( Cornus sanguinea), hawthorn ( Crataegus sp.), 
yellow water lily (Nuphar lutea), white water lily (Nym-
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phaea alba), yellow flag (Iris pseudacorus) and lime 
(Tilia sp. ) have been identified (determinations by 

Jorgensen). Of special interest is a surprisingly high 
frequency of fruits of hawthorn ( Crataegus sp. ) and 
lime ( Tilia sp. ) of which the former is only sparsely 
represented in the pollen diagrams (cf. Rasmussen 
1998 - this volume). Their presence in the waste 
deposits is most probably a reflection of human ac­
tivity, i. e. the fruits have been collected and used 
for food in the autumn and winter. The use of haw­
thorn fruits is well known from the ethnobotanical 
record and has been documented up to modem 
times (Bmndegaard 1979 pp. 53). 

A renewed examination of the seeds of hawthorn 
established that 8 out of 68 seeds were charred or 
showed the effect of exposure to heat (letter from 
D. Robinson, The National Museum, Natural sci­
ence Unit of 15/10-1997). This new investigation 
demonstrated that these seeds were not a "natural" 
component of the lake sediment in the "dump zone", 
but quite contrarily that they were food waste from 
the settlement area proper. 

In this connection it is also essential to mention 
the large number of hawthorn seeds from the con­
temporary Ertebolle settlement of Mollebgabet II 
at lEm (Gmn & Skaarup 1991; Robinson 1992). 

THE RINGKLOSTER SETTLEMENT 

Seasonal occupation 

It is clear from the archaeological record, that the 
site was not just used for shorts periods during occa­
sional explorations from a main settlement located 
elsewhere. The amount of artefacts, debris and the 
many various features point towards repeated or 
"semi-permanent" use. 

Ringkloster has a number of different and clear 
seasonal indicators. The analysis by Rowley-Con­
wy (1998- this volume) demonstrates that the bones 
of birds and mammals reflect a distinct seasonality 
of winter and spring occupation, i. e. the main peri­
od of habitation was from November to May. Anal­
ysis of wild boar, red and roe deer tooth wear and 
tooth eruption and bone growth all point towards a 
winter and spring occupation, while the many hazel 
nuts point towards the fall. These observations also 
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fit with the presence of the many furry animals, for 
the pelts are best during the winter time. The col­
lecting of hawthorn fruits also point in the same di­
rection. The fishes neither support nor contradict 
this result, but it should be remembered that pike is 
easiest to catch during their spawning season from 
March to May (Enghoff 1998- this volume). Sum­
mer indicators are few, but 8 unshed roe deer ant­
lers demonstrate activities on the site during this 
season; in the same direction point the very young 
foetal red deers which could not have been killed 
before May or May-June. Sporadical visits outside 
the "normal" autumn-winter season seem therefore 
to have taken place. 

All together the faunal and botanical evidence 
point towards a main occupation period from au­
tumn to early spring, but the whole year occupation 
could not be completely ruled out. 

Type of settlement - "Forest hunters and coastal 
fishermen"? 

What was the purpose of the occupation at Ring­
kloster? As stated above, Ringkloster differs in many 
respects from contemporary coastal Erteb0lle set­
tlements. As there are only 2 other excavated in­
land Erteb0lle settlement in Jutland, and they are 
without faunal remains, we lack a wider base for 
any sort of comparison u. This is also the case with 
the other Danish and North German inland Erte­
b0lle sites, which are not yet satisfactorily published. 

The many structural features at Ringkloster re­
flect functional differences from the coastal sites rath­
er than a cultural one. Although of a negative order, 
the lack of graves at Ringkloster is also an element 
which should not be forgotten. 

11 Rosenholm. Forhistorisk Museum,]. nr. 872 and 2011. 
Unpublished excavation of an inland Erteb0lle settle­
ment ca. 25 km Northeast of Arhus. Unfortunately it 
was only partially excavated and only flints and a few 
charred bones were found. Another excavation of an 
inland Erteb0lle site has taken place at Stallerup S0 
(Vejle amt), Forhistorisk Museum,]. nr. 2746 (unpub­
lished). This site was excavated in toto, but only flints 
were found. 

Both the archaeological and the faunal material 
from Ringkloster argue in favour of interpreting the 
site as a seasonal site for the procurement of antler, 
furs/hides and meat. In this respect Ringkloster is 
unique not only in the Danish, but in the whole 
North European archaeological record; no other 
winter inland Erteb0lle settlements have so far been 
published. Only one other Danish Erteb0lle site -
the coastal site of Hjerk Nor on the Limfjord - dem­
onstrates a similar high frequency of fur-bearing an­
imals, but as this material has been recovered by 
dredging in the last century it is not usable in a com­
parison with Ringkloster (Hatting, Holm & Rosen­
lund 1973). 

This interpretation of Ringkloster is also support­
ed by the dominance of arrowheads, flint scrapers 
for hides, bone knifes, the "oyster shell scrapers", 
the low axe ratio, and the few artefacts for fishing. 
Based on his osteological identifications Peter Row­
ley-Conwy argues that meat of wild boar, red deer, 
and aurochs must have been removed from Ring­
kloster to some other location, and that such (base) 
camps were where the meat and furs ended up (Row­
ley-Conwy 1993). 

This raises other questions. Where were such base 
camp(s) located? As mentioned before, we have sev­
eral different signs of contacts between Ringkloster 
and the sea coast: the whale bones and the marine 
fishes, the oyster shells, amber (although this raw 
material theoretically could have been found along 
the shores of the inland lakes) and the high value of 
marine food in one of the dogs. These all point in 
the same direction - the seashore, which only was 
14-18 kms away. No other Danish Mesolithic settle­
ment has so many and various traces of contacts 
between the interior and the coast as Ringkloster 
(however one should not forget that contacts from 
Ringkloster and further west into the interior of jut­
land also could have taken place, but would be near­
ly impossible to prove). Also the decorated Erteb0lle 
pottery shows a concentration in eastern central jut­
land (fig. 39). Both in the Brabrand Fjord (to the 
north) and in Norsminde fjord (to the east) 2-3 con­
temporary Erteb0lle sites are characterised by this 
type of ornamented pottery; similar decorated Erte­
b0lle pottery is not found at the Erteb0lle sites in 
Harsens Fjord to the south, but this could also be a 
function of a lower research intensity in this area 



compared to the other east jutland regions (fig. 39). 
The highest frequency of such ceramics is known 
from the large Flynderhage kokkenmodding (central 
site) in Norsminde Fjord (Gabrielsen 1953). 

Together these finds demonstrate a series of con­
tacts between the interior and the coast, but it is not 
possible to explain the character of these connec­
tions and at what social level they took place, i. e. 
are the marine elements on the inland site Ringklo­
ster vestiges of an exchange network connecting an 
Ertebelle inland settlement system with a contem­
porary coastal system, or have the marine elements 
been brought into the inland district by people mov­
ing seasonally from their main settlements at the 
coast and into the Skanderborg Se area? In other 
words did we have two independent groups, "forest 
hunters" and "coastal fishermen" connected by ex­
change networks or are we dealing with one large 
settlement system covering the whole of Eastern 
Jutland (fig. 40) ? 

The present evidence point in both directions: 
An argument in favour of two independent Erte­
b0lle settlement systems in this region is given by 
the 3 dogs with a clear terrestrial food content in 
their bones - although it is still difficult to evaluate 
the strength of this type of information. Perhaps the 
many structural features and the high number of 
ceramics point in the same direction, as they con­
trast with the situation at the coastal sites. Pointing 
in the opposite direction are the conclusions based 
on the faunal elements, and probably also the ab­
sence of graves at Ringkloster. 

No conclusive answers to these questions can be 
proposed now, but at present most information 
seems to be in favour of interpreting Ringkloster as 
a seasonal site and as a part of one large East Jut­
land Ertebelle settlement and procurement system, 
which included both the coast (Brabrand and Nors­
minde Fjord) and the interior (Ringkloster). 

A situation similar to the east Jutland one has 
been demonstrated in the Amose basin on Zealand, 
but here Nanna Noe-Nygaard argues (mainly based 
on 13C analysis of dog bones) that we are dealing 
with two independent groups, an inland population 
and a coastal population, independent, but with con­
tacts in both directions (Noe-Nygaard 1983 p. 140, 
1988 p. 93). 
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Social organisation 

Was Ringkloster a seasonal winter hunting/trapping 
site of a single coastal settlement, or was it a com­
mon procurement site for a whole group of coastal 
sites of the region? An indication that Ringkloster 
not only was connected with a single coastal settle­
ment comes from the narrow geographical distribu­
tion of contemporary settlement sites with decorat­
ed Ertebelle pottery in Eastern Jutland. This extraor­
dinary element indicate connections between these 
sites, but again it is difficult to define at what level 
such connections were. 

Another question is whether it was all the coastal 
population that moved seasonally inland in the au­
tumn or whether it was just a small hunting/trap­
ping group. The small number of inland settlements 
and their relatively small extent in comparison with 
the coastal sites, tells that it only was small hunting 
parties which visited Ringkloster in the winter time. 

If Ringkloster served as a seasonal camp for sev­
eral different coastal settlements - if it was a part of 
an economic structure/network- it must inevitably 
also have brought into existence social contacts/re­
lations independant of whether this was originally 
intended or not. Ringkloster also functioned as a 
meeting place with all the options this gave for es­
tablishing social contacts between the peoples - a 
structural role just as essential as the economic one. 

CONCLUSION 

Ringkloster is the first excavation of an inland Erte­
belle settlement in Denmark for nearly 50 years. 
Besides it is the first inland settlement with preserved 
organic materials in the western part of Denmark. 
The excavations have been extensive and cover both 
a habitation area on dry land and the ajacent "dump 
zone" in the prehistoric lake deposits. On dry land 
a large number of structural features such as differ­
ent types of pits and fireplaces, trenches, postholes 
etc. have been recorded, while the "dump" yelded 
a large faunal material as well as a wide range of 
Ertebelle types in antler, bone and wood. The oc­
cupation at Ringkloster covers ca 1800 years, i.e. 
the whole Ertebelle and the Early Neolithic Funnel 
Beaker cultures from ca 5400-3550 BC. - and there-



56 

fore also the Mesolithic - Neolithic transition at ca 
3940-3820 BC. 

Ringkloster probably functioned as a "central in­
land site" contemporary with an extensive habita­
tion along the east Jutland coastline. During the long 
habitation period it gradually became the largest set­
tlement in the lake region of Eastern Jutland as a 
combination of an optimal location in the exact cen­
tre of the lake area and as a function of a high de­
gree of resource stability during ca 1800 years. The 
most intense occupation with regards to site area 
and accumulation of debris took place during the 
younger Ertebolle phase, but it must be stressed that 
Ringkloster - against normal Danish opinion - also 
indicates that there was extensive inland habitation 
during the older Ertebolle period. 

The pollen analysis show a distinct contempo­
rary elm and lime decline in the primeval Atlantic 
forest, which was most probably caused by the Erte­
b0lle population's use of wood for boats, houses etc. 
Because of the well defined stratigraphy and layers 
with distinct archaeological types, it has been possi­
ble to make direct correlation between archaeolog­
ical cultures and the botanical evidence. At the be­
ginning of the Subboreal, ca 3900 B.C. the evidence 
point to an opening of the forest, and at the same 
time the first pollen of ribwort are recorded - dem­
onstrating the activities of the earliest "Neolithic 
farmers" in the vicinity of Ringkloster. 

The artefact industry at Ringkloster differs mark­
edly in relative frequencies from the contemporary 
coastal settlements; it is characterised by a domi­
nance of scrapers, burins and transverse arrowheads, 
while borers, truncated blades and axes are few. 
Antler implements - especially antler axes - and ant­
ler waste are abundant, but bone tools are rare, es­
pecially bone points are few at this site. A new type 
is curved bone knives - interpreted as "skinning 
knives". Erteb0lle pottery is found in large quanti­
ties, and a gradual change from a dominance of thick­
walled pottery in the deepest horizon to a more thin­
walled ware in the upper layer has also been ob­
served. Quite extraordinarily some of the Erteb0lle 
pots were decorated, a feature only known from a 
small group of contemporary coastal settlements in 
the central east Jutland region. The new tool types 
at this site included scrapers of oyster shell. 

The analysis of the faunal remains give an expla­
nation for the composition of the artefact industry. 

Ringkloster is a seasonal (winter) settlement with a 
specialised economy centred on hunting wild boar, 
red deer, aurochs and furry animals, especially pine 
marten and otter. Ringkloster is an inland site for 
the procurement of meat, skins/pelts and probably 
also antler. Fowling and fishing seem not to have 
played a significant economic role. An interesting 
aspect of the economic activities is that a major part 
of the meat seems to have been brought to other 
settlements, probably coastal, for consumption. The 
presence of bones from dolphins and marine fishes 
as well as the oyster shells and amber all point to 
contacts with the coast, and Ringkloster is so far the 
Danish inland site with the largest number and great­
est variety of coastal indicators. However, it is diffi­
cult to interpret the nature of these contacts. Are 
they indicators of seasonal movements of groups 
between the coast and the interior ofJutland or are 
they traces of exchange networks between an in­
land and a coastal population? In other words is 
Ringkloster an example of an inland Ertebolle set­
tlement system independent of, but connected with 
a coastal settlement system, or is it a part of a single 
large east Jutland settlement system with its main 
settlements based on the coast, but incorporating 
the interior lake region? At present most evidence 
point to an interpretation of Ringkloster as the sea­
sonal, winter, inland settlement component of a large 
settlement system based on the coast. If Ringkloster 
served as an inland procurement site for more than 
one of the coastal sites, it must inevitably also have 
played an important role as a location for social ex­
change and impulses in EastJutland Ertebolle soci­
ety. 
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Radiocarbon datings at Ringkloster 

by Kaare Lund Rasmussen 

Radiocarbon datings of samples from Ringkloster 
have been carried out at The Radiocarbon Dating 
Laboratory at the National Museum of Denmark. 
The samples consisted of charcoal and bones of dogs. 
The charcoal was treated routinely with acid, alka­
line, and acid (Mook & Waterbolk 1985), which re­
moves any acid soluble carbon contaminants as well 
as contamination of humic acid. Collagen was ex­
tracted from the bone samples. After conversion into 
carbon dioxide the samples were further purified, 
and finally counted in a 3 liters proportional coun­
ter equipped with a guard counter for at least one 
day. It should be borne in mind that the datings from 
Ringkloster have been produced during a rather long 
period of time, i.e. from 1970 to 1993. 

Most samples were measured for the stable iso­
tope ratio, 0 13C, on a mass spectrometer. Besides 
being highly interesting in itself, the () 13C was used 
for correcting the radiocarbon ages for isotopic frac­
tionation. The two dog bone samples K-386 and 
K-387 were too small to allow dating, and were on­
ly measured for stable isotope ratio. One of these 
(K-387) was definitely affected by marine diet (<i 13C 
= -11.8 °100 PDB), while the other (K-386) and the 
two remaining dog bone samples (K-4132 and K-
4133) were all clearly terrigenic in isotope ratio (<i13C 
= -20.0, -21.3, and -18,8 °1

00 
PDB). Thus all samples 

dated could be refered to the terrestrial value of () 13C 
= -25 °/

00
PDB. 

Four samples dated before 1971 were not meas­
ured for 013C. For these have been added extra un­
certainty to account for the unknown isotopic frac­
tionation. Fortunately all of these samples were char­
coal. 

Calibration of the results was performed accord­
ing to the 20 year average of the atmospheric curves 

in Stuiver and Pearson ( 1993) using the Calib V3.0.3c 
program from University of Washington (Stuiver & 
Reimer 1993). The most likely calibrated date and 
the calibrated date at± 1 standard deviation are list­
ed in Table 1. The full calibrated probability distri­
butions for all the samples were generated by the 
Oxcal v2.18 program from the Oxford Radiocar­
bon Laboratory (Ramsey 1995) and are shown in 
Fig. 1. 

It can be speculated whether or not K-1765 (or 
K-1653) are in fact older than K-4368. A hypothesis 
that the age of K-1765 is identical with the age of K-
4368 is accepted within the 95% confidence limit 
by a statistical T-test. Thus, seen from a statistical 
point of view K-1765 are indistinguishable from K-
4368, and so is K-1653. 

K-1654 is from the same stratigraphical level as 
K-4370, but seemingly somewhat older. Again a sta­
tistical T-test shows that a hypothesis that the date 
of K-1654 is identical to the date of K-4370 is ac­
cepted within the 95% confidence limit. 

A hypothesis that K-4132 and K-4133 are of iden­
tical age is also accepeted within the 95% confidence 
limit by a T-test. 

None of these statistically derived conclusions are 
surprising if one contemplates Figure 1, where the 
distributions of calibrated ages are plotted for all the 
dates. A significant overlap in the probability distri­
butions are seen for each pair noted above. 

However, a hypothesis that K-4371 and K-4372 
are of identical age is rejected within the 95% confi­
dence limit by a T-test. There is thus a significant 
jump in time between the last sample in stratigraph­
ical sequence of Mesolithic age (K-4371) and the first 
sample of Neolithic age (K-4372). This jump is also 
clearly seen in Fig. 1. 
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K-386 Bones, dog -
K-387 Bones, dog -
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K-1653 Charcoal Q 5490±100 
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K-4369 Charcoal T 5200±70 

K-4370 Charcoal AUU 5120±70 

K-4371 Charcoal CO/-A-UFR 5080±70 

K-4372 Charcoal FRI AL 4800±65 

K-6108 Charcoal AL 5180±100 

Table 1. Radiocarbon dates from Ringkloster 
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Most likely Calibrated age ()13C o;oo PDB 
Calibrated age at ± 1 std.dev. 

-20.0 

-11.8 

4460 4540-4350 

4340 4450-4240 

4220-4110 4320-3990 

4350 4460-4240 

4030-4000 4220-3970 -21.3 

4320-4260 4460-3990 -18.8 

4710 4790-4540 -25.3 

4320-4250 4350-4100 -26.8 

3990 4080-3960 -26.8 

3950 3980-3800 -26.2 

3940-3820 3970-3790 -25.2 

3630-3550 3650-3510 -24.7 

3980 4210-3820 -26.7 

Fig. 1 Calibrated age distributions of the samples from Ringkloster using Ox cal v2.18. The terminal phase of the 
Mesolithic, the Ceramical Ertebelle Culture from Cal BC 4600 to 3950, is marked with vertical lines. Only one 
sample (K-4372) lies exclusively in the Neolithic. 
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PHASE Ringkloster-1 

K-1652 5610±110BP 
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K-1765 5500±110BP 
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PHASE Ringkloster-11 

K-4367 5820±95BP 
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Mid-holocene Vegetation Development at the Inland 
Erteholle Settlement of Ringkloster, Eastern jutland 

by Peter Rasmussen 

ABSTRACT 

Two pollen diagrams have been produced from lit­
toral lake sediments close to the Ertebelle settlement 
of Ringkloster with the aim of elucidating the devel­
opment of the vegetation during the Ertebelle occu­
pation and at the transition to the Funnel Beaker 
Culture. One of the diagrams, from radiocarbon-dat­
ed refuse layers containing artefacts from the Erte­
belle and Funnel Beaker Cultures, provides a partic­
ularly good picture of the vegetation. Through a close 
stratigraphic relationship between the refuse layers 
and the pollen-analytical investigations, evidence for 
woodland disturbance contemporary with the occu­
pation of the Ertebelle settlement can be demonstrat­
ed. The disturbance is primarily in the form of very 
early elm and lime declines, which in all probability 
are anthropogenic in origin. At the transition to the 
Funnel Beaker Culture, ca. 3900 cal. BC, the wood­
land cover is reduced and open-habitat herbs in­
crease. At the same time there is the first occurrence 
of Plantago lanceolata and the pollen diagrams regis­
ter the earliest agricultural activity, pastoral farming, 
in the vicinity of the Ringkloster settlement. The in­
vestigation shows, furthermore, a lowering of the 
water level in the lake at the Mesolithic/Neolithic 
transition (Atlantic to Sub-boreal), indicating a shift 
towards a drier climate. 

INTRODUCTION 

Archaeological investigations have been carried out 
between 1969 and 1985 at the Ertebelle settlement 

site of Ringkloster, which lies south of Skanderborg 
Se (fig. 1). The findings have been published by the 
excavation director, Seren H. Andersen, Institute of 
Prehistoric Archaeology, University of Aarhus (An­
dersen 1975; 1979; 1994; 1998 - this volume). Bio­
stratigraphical investigations were carried out in con­
junction with the archaeological investigations and 
samples were collected with the aim of investigating 
the contemporary vegetation at the site. The biostrati­
graphical fieldwork was carried out by C. Malmros 
and C. Christensen of the National Museum, Natu­
ral Science Research Unit, and]. 0rnbel, formerly 
attached to the Institute of Prehistoric Archaeology, 
University of Aarhus. All the pollen samples were 
prepared and counted by]. 0rnbel. 

The final processing and publication of the pol­
len-analytical data was transferred to the Geological 
Survey of Denmark and Greenland and the present 
author, whose presentation here is based exclusive­
ly on the already existing pollen data. 

With the exception of Djursland, the Holocene 
vegetation development in eastern jutland has been 
scantily investigated and there is in particular a lack 
of radiocarbon-dated pollen diagrams from this part 
of Denmark. The pollen diagrams nearest to the Ring­
kloster settlement are the very early ones from Bra­
brand near Arhus, about 17 km from Ringkloster 
(Troels-Smith 1937) and Dyrholmen on Djursland, 
about 49 km from Ringkloster (Troels-Smith 1942) 
(fig. 1). Both diagrams were produced from deposits 
associated with archaeological settlements from the 
Ertebelle Culture, but without any direct correlation 
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Fig. 1 Map of Denmark showing the location of 
Ringkloster and the sites of the nearest pollen diagrams: 
Brabrand and Dyrholmen (after Andersen 1975). 

between the diagrams and the archaeological layers. 
The diagrams are not radiocarbon dated, as they were 
produced before the method was introduced. 

Like the investigations at Brabrand and Dyrhol­
men, the pollen-analytical investigations at Ringklo­
ster had, as their main aim, the description of the 
development of the vegetation during the Erteb0lle 
occupation and at the later transition from the Meso­
lithic to the Neolithic, i.e. from the Erteb0lle Culture 
to the Funnel Beaker Culture. 

THE RINGKLOSTER SETTLEMENT 

The Ringkloster settlement is situated by a now over­
grown, but earlier open, arm of Skanderborg S0, 
which extended about 3 km south-southeast of the 
present-day lake (fig. 2). The settlement lies at the 
foot of a clayey moraine slope, facing out over the 

Fig. 2 Skanderborg So's presumed extent in the 
Mesolithic period. The Ringkloster settlement and all 
other known Mesolithic settlements are marked (after 
Andersen 1975). 

former lake. Ringkloster is the only inland settlement 
from the Erteb0lle Culture excavated injutland so 
far. The archaeological investigations took place part­
ly on dry land, in the settlement area itself, and part­
ly in the refuse layers extending out from the settle­
ment into the adjacent lake deposits. The refuse lay­
ers contained very large numbers of archaeological 
artefacts which are presumed to have been thrown 
out into the lake from the settlement (Andersen 1975; 
1979). They also contained extremely well-preserved 
animal remains, which is quite unique for Jutland. 
Analyses of the latter show that the site was used pri­
marily in the winter (November to May) and that 
the economy was based primarily on hunting of wild 
boar (Sus scrofa), red deer ( Cervus elaphus) and pine 
marten (Martes martes) while fishing and gathering was 
of minor importance Andersen 1975; 1979; 1994; 
Enghoff 1998 - this volume; Rowley-Conwy 1998 -
this volume). 
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Fig. 3 Vertical and horizontal distribution of the 
radiocarbon-dated pieces of wood in the lake sediments 
in relation to the sampling site for the pollen diagram 
Pl. The linked pieces comprise the material used for 
one date. 

The settlement belongs primarily to the Ertebedle 
Culture, but occasional earlier and later finds have 
also been recovered from the site (Andersen 1975; 
1979). 

For a detailed description of the stratigraphical 
relationship between the pollen samples and the ar­
chaeological finds, reference is made to S. H. An­
dersen's paper in this volume (1998). 

METHODS 

Coring and sampling 

The biostratigraphical investigations were carried out 
in the littoral sediments immediately adjacent to the 
settlement, where samples were collected for pollen 
analysis, partly from open sections, partly by cor­
ing. Samples for the two diagrams presented in this 
article, P1 and B, were collected in the following way: 
samples for diagram P1 were taken from an open 
section produced during the excavation of the ar­
chaeological layers. The layers adjacent to the sam­
pling point were drawn and described and wood 
samples were taken for radiocarbon dating. Samples 
for diagram B were taken further out in the lake ba­
sin using a Hiller corer. 

Diagram P 1 is from the area with archaeological 
deposits and diagram B is from beyond the archaeo-
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Fig. 5 Time/depth curve for section Pl. The limits for 
one standard deviation are indicated. 

logical layers. The two sampling sites lie ca. 17 me­
tres and ca. 24 metres respectively from the former 
shore (see Andersen 1998, fig. 7- this volume). 

In addition to these two diagrams, which are the 
most important, several other sample series were tak­
en for pollen analysis, as well as a large number of 
individual samples, which were collected in connec­
tion with characteristic Ertebolle artefacts. Some of 
these samples have been analysed (also by J. 0rn­
bol) but the results will not be presented here. 
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Radiocarbon dating 

Five conventional radiocarbon dates have been ob­
tained for charcoal and partly-charred wood found 
in the lake deposits close to the sampling site for di­
agram Pl. Fig. 3 and fig. 4 show the horizontal and 
vertical positions of the dated wood relative to the 
pollen diagram. 

The radiocarbon dates were produced by H. Tau­
ber at the Copenhagen Radiocarbon Laboratory. 
Calibration of the radiocarbon age to calendar years 
was performed using the CALIB computer pro­
gramme (version 3.0.3) from the University of Wash­
ington with the 20 year averaged atmospheric curve 
(Stuiver & Reimer 1993). 

On the basis of the calibrated dates a time/ depth 
curve has been established for diagram P1 (Fig. 5). 
The construction of this curve required a single point 
(age) for each date; the central value in the calibra­
tion interval at one standard deviation has been cho­
sen as this point (cf. Molloy & O'Connell1991). 

Pollen analysis 

34 pollen samples were analysed from both sampling 
point Band Pl. 

The pollen samples were treated with HCl, KOH 
and acetolysis mixture (a few samples were also treat­
ed with HF) and mounted in silicone oil. 

The number of pollen counted (pollen sum) in 
each sample varied greatly. In diagram B the pollen 
sum varies from 229 to 1266 (average 521), and in 
diagram P1 from 128 to 7960 (average 1420). The 
very high sums in the latter diagram were counted 
in samples dominated by Alnus (in the sample with a 
sum of 7960 pollen counted, 7610 pollen grains were 
of Alnus). 

Table 1 gives a list of the plant names used in 
Latin, English and Danish. The plant nomenclature 
follows Flora Europaea (Tutin et al. 1964-1980), apart 
from Poaceae (= Gramineae); the English names fol­
low Clapham et al. (1987), and the Danish names 
Hansen et al. (1981). 

The construction of the pollen diagrams 

The pollen taxa have been grouped into five catego­
ries: Trees, shrubs/ dwarf shrubs, terrestrial (dry land) 
herbs, plants of uncertain habitat and reed swamp 
species/ aquatics. 

The pollen percentages are calculated on the 
basis of the sum of pollen of unambiguous terrestrial 
plants, i.e. trees, shrubs/ dwarf shrubs and terrestrial 
herbs. 

The diagrams have been divided up into 3 local 
pollen assemblage zones (R1, R2 and R3). 

Pollen of Alnus occurs in very large numbers both 
in diagram B (fig. 6 and 7) and P1 (fig. 8 and 9). This 
is undoubtedly due to the location of the pollen sam­
pling sites close to the shore. Alnus was presumably 
the locally dominant tree species on the wet soils of 
the lake margin, and as a result this taxon is over­
represented in the diagrams. Analysis of the uncar­
bonised wood from the settlement's refuse layers 
reveals a great dominance of Alnus (Malmros 1986). 
Most of this wood probably became incorporated in 
the sediments by natural means. It can therefore be 
assumt:d to reflect the woodland composition in the 
area around the settlement and as such it underlines 
the evidence from the pollen diagrams with regard 
to alder's dominant role. The over-representation of 
Alnus made it difficult to choose a pollen sum for 
calculating the pollen percentages. If Alnus is includ­
ed in the pollen sum it will "depress" the other pol­
len curves and as a consequence the diagram will 
give a somewhat distorted picture of the regional 
vegetation in the area. If Alnus is excluded from the 
pollen sum the picture will also be distorted as Alnus 
has played a role in the regional vegetation. On bal­
ance, the decision was made to include Alnus in the 
pollen sum (fig. 6 and 8). For the sake of compari­
son, the tree pollen curves for the two diagrams are, 
however, also shown with Alnus excluded from the 
pollen sum (fig. 7 and 9). 

Due to the very local nature of the pollen input 
represented in the diagrams, there is some uncer­
tainty regarding the habitats to which certain taxa 
should be ascribed. This applies not least to the wild 
grasses (Poaceae), which in regional pollen diagrams 
are normally classed as terrestrial (dry land) herbs, 
but which at this site could equally well come from 
very local wetland species (such as Phalaris arundina­
ceae and Phragmites australis). Accordingly, changes 



in the curve for wild grasses cannot unequivocally 
be interpreted as an expression of changes in the 
regional terrestrial vegetation, there could also have 
been local changes in the wetland vegetation around 
the lake. 

The pollen diagrams were produced using the 
programmes TILIA and TILIA-GRAPH (Grimm 
I990). 

RESULTS 

Sediments 

The stratigraphy at the two sampling sites (Band PI) 
is described below (note that all meaurements of 
depth are given as metres above sea level). 

Site B: Sediment core, 2.25 metres long. Descrip­
tion of the sediment stratigraphy and collection of 
pollen samples carried out by J. 0rnb0l (I984). 

19.33-20.48: Reddish-brown fine gyttja with molluscs. 
Scattered pieces of wood. 

20.48-21.58: Reddish-brown fine gyttja. Scattered piec­
es of wood. 

Site P1: Open section, sampled sequence, 3.43 
metres long. Description of sediment stratigraphy and 
collection of pollen samples carried out by C. Malm­
ros and C. Christensen (Malmros I972) (se also An­
dersen I998- this volume). 

-20.46: Dark grey sand with molluscs. 
20.46-20.86: Yellowish-brown fine gyttja with molluscs. 

Few artefacts. 
20.86-20.91: Yellowish-brown fine gyttja with molluscs. 
20.91-21.41: Dark yellow-brownish-grey coarse drift 

gyttja with molluscs. Charcoal and stones 
up to 5 em. 

21.41-21.71: Brownish-yellow coarse drift gyttja without 
molluscs. Pottery, flint, charcoal and stones. 

21.71-21.96: Reddish-brown rather coarse drift gyttja. 
21.96-22.36: Reddish-brown gyttja (?) with secondary 

tree roots. 
22.36-23.01: Yellowish-brown alder fen peat. 
23.01-23.61: Black highly-humified alder fen peat. 
23.61-23.89: Yellowish-brown recent grass turf. 
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Chronology 

The following is a list of the material dated and the 
results obtained (radiocarbon years bp) for the five 
samples associated with diagram Pl. The identifica­
tion of the charcoal and partly charred wood dated 
was carried out by C. Malmros (I984). 

K-4372: 4800 ± 65 bp 
Sample comprised three pieces of wood: 
1 piece of Fraxinus; 1592 OBJ; level21.86 
1 piece of Alnus; 1592 OCP; level 21.81 
1 piece of Alnus; 1592 OEC; level21.77 

K-4371: 5080 ± 70 bp 
Sample comprised three pieces of wood: 
1 piece of Frangula; 1592 GNE; level 21.50 
1 piece of Alnus; 1592 GNE; level21.50 
1 piece of Corylus; 1592 GQO; level21.47 

K-4370: 5120 ± 70 bp 
Sample comprised two pieces of wood: 
1 piece of Alnus; 1592 GSN; level21.33 
1 piece of Ulmus; 1592 GRO; level 21.29 

K-4369: 5200 ± 70 bp 
Sample comprised one piece of wood: 
1 piece of Tilia; 1592 GUW; level 21.22 

K-4368: 5410 ± 95 bp 
Sample comprised one piece of wood: 
1 piece of Corylus; 1592 PDD; level 21.09 

The five radiocarbon dates have been calibrated to 
calendar years and on the basis of these, a time/ depth 
curve has been established for diagram PI (fig. 5). In 
the list below the five dates are given in radiocarbon 
years bp, along with the calibration intervals at I 
standard deviation and the central value in the cali­
bration interval which was used in constructing the 
time/ depth curve. 

Lab. no. Av.level 14C-age Cal± 1 std Cal 
yrbp yrBC yrBC 

K-4372 21.81 4800 ± 65 3650-3510 3580 
K-4371 21.49 5080 ± 70 3970-3790 3880 
K-4370 21.31 5120 ± 70 3980-3800 3890 
K-4369 21.22 5200 ± 70 4070-3960 4020 
K-4368 21.09 5410 ± 95 4350-4100 4220 
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Fig. 6 Pollen diagram B. Percentage diagram calculated on the basis of pollen from the plant categories included in 
the summary diagram (trees, shrubs/dwarf shrubs and terrestrial (dry land) herbs). The white silhouettes indicate 
percentages xlO. The depths of the individual pollen sample are indicated on the Pinus curve. 

The pollen diagram and the archaeological layers 
are dated on the basis of the time/ depth curve. The 
ages given for the archaeological layers in this arti­
cle can deviate slightly from those mentioned with 
respect to the same layers in Andersen's paper in 
this volume as in the latter, reference is exclusively 
made to individual radiocarbon dates. 

Inferred Vegetation 

Diagram B (fig. 6 and 7) The diagram is divided up 
into 3 zones. Zones Rl and R2 cover the Late Atlan­
tic and zone R3 the early Sub-boreal. 

Local pollen assemblage zone R-7: High percentage val­
ues of Tilia, Qyercus, Corylus, Ulmus and Alnus show 
that these taxa were common. In addition, the wood­
land also included modest amounts of Betula and 
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Fraxinus, along with occasional occurrences of Popu­
lus. It is difficult to say to what extent Pinus grew in 
the area at this time, as the pine pollen in the dia­
gram could be the result of long-distance transport. 
Sorbus also grew in the woodland as did Ericaceous 
dwarf shrubs. Hedera was common, whilst Viscum had 
a scattered distribution. Total tree pollen values in 
the zone vary between 95.2% and 97.4% (fig. 6), which 
shows that the landscape was covered by dense wood­
land. The vegetation on the woodland floor was 
sparse; wild grasses were the most common herbs. 
There were, in addition, scattered occurrences of 
Chenopodiaceae and Rumex acetosal acetosella; Pterid-
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ium, Polypodium and members of the Lycopodiaceae 
grew on acid soils. 

Woodland on wet soils close to the lake was com­
pletely dominated by Alnus; but Frangula, Viburnum 
and Salix presumably also grew there. The herb veg­
etation in the alder carr was modest, being repre­
sented by Dryopteris-type, Cyperaceae, Sparganium­
type and Fypha. Several of the herbs of uncertain 
habitats, such as Filipendula and members of the 
Umbelliferae, probably also grew here. Out in the 
lake itself there were stands of Nymphaea and Potamo­
geton as well as small amounts of the green alga Pedi­
astrum. 
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Fig. 7 Diagram B exclusively showing tree pollen 
curves. Percentage diagram calculated on the basis of 
total land plant pollen excluding Alnus. The white 
silhouettes indicate percentages xlO. The depths of the 
individual pollen sample are indicated on the Pinus 
curve. 

Local pollen assemblage zone R-2: The woodland com­
position changes significantly in this zone. At the start 
of the zone there is a clear decline in Tilia, and at the 
same time an elm decline begins. The latter takes 
place in two stages: a) an initial decline in which val­
ues fall from 14% to 5.1 %, followed by a slight regen­
eration, and b) a second decline in which elm values 
fall from 8% to 1.6% (fig. 6). In the diagram calculat­
ed with Alnus excluded from the pollen sum, the 
curves for Tilia and Ulmus show a similar sequence 
of events with a marked decline in Tilia and a two­
stage decline in the elm curve (fig. 7). Contempo­
rary with elm's final decline, Corylus becomes more 
abundant and reaches a small peak (fig. 6). A little 
later, when Corylus declines again, there is a small 
peak in Betula. The frequencies of Q,uercus and Frax­
inus are more or less constant throughout the whole 
zone. Apart from the tree species already mentioned 
there were still occasional scattered occurrences of 
Populus in the woodland. Shrubs are represented by 

Sorbus and Rhamnus and dwarf shrubs by members 
of the Ericaceae. Hedera is common at the start of the 
zone but declines in abundance towards the end. 
Total tree pollen values lie between 94.3% and 97.9% 
(fig. 6), and woodland quite clearly still dominated 
the landscape, even though a slight increase in the 
frequency of terrestrial herbs is evident. This rise 
consists primarily of pollen of wild grasses. As men­
tioned earlier, the possibility cannot be excluded that 
this is due to an increase in the local input of grass 
pollen from the wetland vegetation. Terrestrial herbs 
present included Artemisia, Chenopodiaceae and 
Rumex acetosa/acetosella; Pteridium, Polypodium and 
members of the Lycopodiaceae grew on acid soils. 

The wetland area close to the lake continued to 
be dominated totally by alder, probably with scat­
tered Salix and Frangula. The still sparse wetland herb 
vegetation comprised Dryopteris-type, Cyperaceae, 
Sparganium-type, Typha and Sphagnum, as well as pre­
sumably Filipendula and members of the Umbellif­
erae. Aquatic plants in the lake are represented by 
Nymphaea and Potamogeton and the green alga Pedias­
trum, which increases in frequency towards the end 
of the zone. 

Local pollen assemblage zone R-3: Ulmus declines fur­
ther, particularly towards the end of the zone, at about 
which time Tilia increases. Q,uercus, Corylus and Betu­
la all show marked increases relative to the previous 
zone. Values of Fraxinus are relatively constant. The 
few pollen grains of Fagus and Picea are due to long­
distance transport. Populus, Sorbus and a good many 
Ericaceous dwarf shrubs were scattered around in 
the woodland. There were also scattered occurrenc­
es of Hedera and Viscum. Total tree pollen values lie 
between 89.8% and 97.4% (fig. 6), and in compari­
son with the previous zone this represents somewhat 
of a decline. With the decline in the woodland, there 
is a corresponding increase in terrestrial herbs, in­
cluding a general increase in wild grasses. Values of 
Artemisia and Chenopodiaceae rise and Plantago lan­
ceolata makes its first appearance. Apart from the 
light-demanding herbs already mentioned, there are 
occasional records of Rumex acetosalacetosella and Poly­
gonum convolvulustype. Pteridium, Polypodiumand pre­
sumably also members of the Lycopodiaceae made 
up the vegetation on acid soils. 

Marked changes are seen in the wetland vegeta­
tion by the lake. At the beginning of the zone there 



is a drastic reduction in the previously dense alder 
woodland, which is followed by a significant increase 
in wetland herbs. This applies in particular to Cy­
peraceae, but is also marked in the case of Dryop­
teris-type, Sparganium-type and Typha as well as to a 
lesser extent for Sphagnum. Filipendula and members 
of the Umbelliferae, which are presumed to have 
been part of the wetland vegetation, also increase 
markedly. Nymphaea and Potamogeton continued to 
grow in the lake and the amount of the green alga 
Pediastrum is more or less constant. 

Diagram Pl (fig. 8 and 9). In the open section from 
where the pollen samples for diagram PI were tak­
en, ceramics and other archaeological finds were in 
evidence. At the base of the section there was thick­
walled Erteb0lle pottery. Above this were uncharac­
teristic sherds which could not be unequivocally as­
signed to an archaeological culture, but which on 
the basis of the radiocarbon dates must belong to 
the Erteb0lle Culture, or possibly the Erteb0lle/Fun­
nel Beaker transition. Above this again, and separat­
ed by a horizon poor in finds, were a number of 
potsherds belonging to an early Neolithic funnel 
beaker of Volling type (Andersen this volume). 

Like diagram B, the pollen diagram is divided 
up into 3 zones. Zones Rl and R2 cover the late 
Atlantic and zone R3 covers the early Sub-boreal. 

Local pollen assemblage zone R -1: There are high val­
ues for almost all the woodland tree species: Tilia, 
Ulmus, Q,uercus and Corylus, although Betula and, in 
particular, Fraxinus are only relatively modestly re­
presented. Populus occurred only sporadically in the 
woodland. As mentioned earlier, it is difficult to de­
termine whether Pinus grew in the area or whether 
the pollen is present due to long-distance transport. 
The finding of pine wood (charcoal and uncarbon­
ised wood) in the refuse layers, does however show 
that this species must have grown locally (Malmros 
1986). Hedera is frequent throughout the zone and 
Viscum is not uncommon. Shrubs in the woodland 
are represented by Crataegus and flex, whilst Salix, 
Frangula and Viburnum were presumably associated 
with wetland areas close to the lake. The dwarf shrub 
vegetation comprised one or more species of Erica­
ceae. Total tree pollen values are high (96%-99.6%) 
(fig. 8) and the pollen diagram thus reveals a densely 
wooded landscape. Terrestrial herbs comprise pri-
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marily wild grasses and both Pteridium and Polypo­
dium were present on acid soils. 

Wet areas near the lake supported almost exclu­
sively Alnus. The wetland herb vegetation was limit­
ed, being represented by Cyperaceae, Dryopteris-type, 
Sparganium-type, Typha, Sphagnum and Lythrum; Fili­
pendula and members of the Umbelliferae almost 
certainly also grew here. Nymphaea grew in the lake 
where there were also small quantities of the green 
alga Pediastrum. 

Local pollen assemblage zone R-2: This zone begins with 
a decline in both Tilia and Ulmus (fig. 8). Tilia de­
clines sharply and rapidly, whereas the decrease in 
Ulmus takes place over a somewhat longer period. 
Parallel with the decline in Tilia, there is also a clear 
reduction in Fraxinus. If Alnus is excluded from the 
pollen sum, the elm decline occurs slightly later than 
the decline in Tilia and Fraxinus (fig. 9). The overre­
presentation of Alnus pollen in the diagram makes it 
therefore difficult to place the elm decline precisely. 
In the diagram calculated with Alnus in the pollen 
sum, the elm decline lies at level20.94 (fig. 8), where­
as in the diagram calculated with Alnus excluded from 
the pollen sum it lies 10 em higher up at level 21.04 
(fig. 9). There are no marked changes in the curves 
for Qyercus, Corylus and Betula relative to the situa­
tion in zone Rl (fig. 8). Shrub vegetation in the wood­
land is represented by Crataegus, flex and juniperus, 
whilst Salix and Frangula would probably have been 
found on wet soils. Dwarf shrubs are represented by 
one or more species of the Ericaceae. Hedera becomes 
less abundant at the same time as the Tilia curve 
falls. Total pollen values for the woodland trees are 
at the same high levels as seen in the previous zone 
(97.2%-99.4%) (fig. 8), and the woodland was still 
dense with only a relatively sparse herb vegetation. 
Values for terrestrial herbs lie between 0.2% and 
2.1 %, being made up primarily of wild grasses plus 
modest occurrences of Chenopodiaceae, Polygonum 
convolvulus-type, Artemisia and Rumex acetosalacetosel­
la and some Polypodium. The very low values for ter­
restrial herbs apparent in the diagram probably do 
not give a true picture of the vegetation, as the in­
creased local input of Alnus pollen "depresses" the 
other pollen curves. 

On wet soils, Alnus became very abundant (up 
to 91.8%) and there is no doubt that the pollen dia­
gram is strongly influenced by the local vegetation. 
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Fig. 8 Pollen diagram Pl. Percentage diagram calculated on the basis of pollen from the plant categories included in 
the summary diagram (trees, shrubs/dwarf shrubs and terrestrial (dry land) herbs). The white silhouettes indicate 
percentages xlO. The depths of the individual pollen sample are indicated on the Pinus curve. 

The wetland herb vegetation is relatively limited in 
extent and consists of Dryopteris-type, Cyperaceae, 
Sparganium-type, Sphagnum, Typha and Lythrum. Fili­
pendula and members of the Umbelliferae, as men­
tioned earlier, probably also grew in wetland habi­
tats. Out in the lake itself Nymphaea and Nuphar were 
in evidence and in the middle of the zone the amount 
of the green alga Pediastrum increases. 

Local pollen assemblage zone R-3: Significant changes 
occur in several of the tree pollen curves. At the be­
ginning of the zone all the pollen curves are de­
pressed by the extremely high values of Alnus (up to 
95. 7%) (fig. 8). Some way into the zone the Tilia curve 
increases very markedly, and at approximately the 

same time there is a clear increase in Ulmus. The 
pollen curve for Q!lercusis somewhat irregular, reach­
ing rather low values towards the end of the zone, 
where there is also a reduction in Betula. Fraxinus is 
rather modestly represented, whilst values for Gory­
ius are relatively high and constant throughout the 
zone. The curve for Pinus rises at the beginning of 
the zone and maintains relatively high values 
throughout. In addition to the tree species mentioned 
above, there are occasional records of Acer. With re­
gard to the shrubs, there are occasional records of 
Rhamnus, whilst Sorbus is very abundant in one par­
ticular spectrum. The dwarf shrub vegetation com­
prises one or more species of the Ericaceae. The to­
tal pollen values for the woodland trees lie between 
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91.9% and 99.7% (fig. 8), which is a clear reduction 
relative to zones Rl and R2. There is a correspond­
ing increase in terrestrial herbs, and the frequency of 
wild grasses in particular increases. Plantago lanceola­
ta appear as a new species; initially with low values, 
but towards the end of the zone there is a small peak 
in the curve, which coincides with a peak in Artemi­
sia. In addition to the terrestrial herbs already men­
tioned, there are occasional occurrences of Chenopo­
diaceae and Rumex acetosalacetosella, as well as, in part 
of the zone, unusually high values of Polypodium and 
members of the Lycopodiaceae. 

Significant changes occur in the wetland vegeta­
tion. At the beginning of the zone Alnus declines 
abruptly and elements in the wetland herb vegeta­
tion increase sharply. This applies in particular to 
Dryopteris-type, but also to some degree to Cypera­
ceae. There are, furthermore, records of Sparganium-
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type, Sphagnum and Typha. Aquatic plants in the lake 
are represented by a single record of Nuphar. The 
green alga Pediastrum occurs at the start of the zone 
only later to disappear completely. 

Correlation of diagrams Band Pl: The two pollen dia­
grams (fig. 6 and 8) can be correlated with one an­
other on the basis of the elm decline and the first 
occurrence of Plantago lanceolata. 

In both diagrams, zone Rl comprises the period 
up to the elm decline. A comparison of the length of 
the zone in the two diagrams is made difficult by the 
very dissimilar pollen curves. The curve for Filipen­
dula is the only one which has an almost identical 
course in zone Rl in both diagrams. This is of course 
a very fragile basis on which to correlate, but can be 
cautiously interpreted as indicating that the zone is 
of about the same length in both B and P 1. 
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Fig. 9 Diagram Pl exclusively showing tree pollen 
curves. Percentage diagram calculated on the basis of 
total land plant pollen excluding Alnus. The white 
silhouettes indicate percentages xlO. The depths of the 
individual pollen sample are indicated on the Pinus 
curve. 

Zone R2 covers the period from the beginning 
of the elm decline until the first appearance of Plan­
tago lanceolata. The zone can be assumed to be of the 
same length in both diagrams. 

Zone R3 covers the period from the first occur­
rence of Plantago lanceolata and some way into the 
Neolithic Period. Here too, a comparison of the 
length of the zone in the two diagrams is made diffi­
cult by the very dissimilar pollen curves, but if use is 
made of the curve for Dryopteris-type, which ends with 
a sharp rise in both diagrams, it can be cautiously 
assumed that the zone has approximately the same 
length in the two diagrams. 

As the diagrams in all probability cover approx­
imately the same time period and are located very 
close to one another, the development of the vegeta­
tion reflected in them can be compared directly. In 
some aspects there are similarities between the two 
diagrams, but there are also rather large differences. 
The most important similarities include: the elm de­
cline and the simultaneous reduction in Tilia; the first 

occurrence of Plantago lanceolata; the generally high 
values for Alnus in zones RI and R2; the decline of 
Alnus in zone R3; increased values for Pinus and in 
part Tilia in zone R3. 

The majority of the above-mentioned similarities 
are of a general nature. If the pollen curves are ex­
amined in detail, great differences are seen. Some of 
these differences are presumably a consequence of 
the littoral locations of the sampling sites. This con­
clusion is supported by, among other things, the Al­
nus curve in the two diagrams. Alnus is over-repre­
sented in both diagrams, but the values for Alnus are 
very different. In diagram PI (fig. 8) Alnus is much 
more strongly represented than in diagram B (fig. 6), 
which can be explained by the fact that PI lies clos­
est to the shore and thus closest to the alder wood­
land growing there. 

The strongly dissimilar Tilia curves in the dia­
grams in zone 3 are difficult to explain. In the dia­
gram furthest from land (B; fig. 6), the maximum 
value for Tilia is 8.2°/o, whereas in the diagram clos­
est to the shore (PI; fig. 8) Tilia has a maximum val­
ue of 23.5%. This discrepancy could be a conse­
quence of the sampling site for the latter diagram 
being closer to the shore where differing sedimenta­
tion conditions prevailed, but the nature of the pre­
cise mechanism is unknown. 

Another factor which could be involved in the 
dissimilarities between the two diagrams is the hu­
man element. The Ringkloster settlement lies very 
close to the sampling sites and the occupants of the 
settlement obviously influenced the lake sediments 
by way of the many items of flint, stone, bone, antler 
and pottery which were thrown out into the lake. 
These activities would naturally have caused distur­
bances in the layers which could have contributed 
to the dissimilarities between the diagrams. 

DISCUSSION 

Diagram PI provides the best basis for studying the 
correlation between the archaeological and the veg­
etational developments at the Ringkloster settlement 
as the pollen analyses were carried out directly on 
the archaeological layers. 

In the pollen diagram PI (fig. 10) the horizons 
containing finds of the various pottery types are 
marked with continuous lines. Other archaeological 



artefacts occur in these deposits, but delimitation of 
the horizons has been carried out solely on the basis 
of the pottery. Identification of the pottery was car­
ried out by the director of the excavation, S. H. 
Andersen; for details see Andersen this volume. In 
the horizon termed Ertebolle {level20.81-21.46), thick­
walled pottery of undoubted Erteb0lle type appears 
between level 20.81 and 21.12. Between level 21.27 
and 21.46 the potsherds are of an uncharacteristic 
type which cannot be dated unequivocally archaeo­
logically, but which, judging from the radiocarbon 
dates, must belong to the Erteb0lle Culture, or pos­
sibly the Erteb0lle/Funnel Beaker transition. In ho­
rizon TRB {level 21. 71-21.97) there are sherds of an 
early Neolithic funnel beaker of Volling type. The 
level at which the elm decline occurs {level20.94) is 
marked with a horizontal stippled line. 

The timescale for the pollen diagram and the 
archaeological finds is based on the time/ depth curve 
shown in fig. 5. In deposits such as these, the radio­
carbon dates should be treated with a measure of 
caution as the sediments have been exposed to hu­
man influence {the throwing out of artefacts). The 
sedimentation rate cannot be expected to have been 
constant, and this may explain the abrupt change in 
the gradient of the time/depth curve. The relatively 
large pieces of charcoal and partly charred wood 
which were dated could have been washed out into 
the lake sediments at any time over a long period. 
As a consequence, the wood could have been incor­
porated into younger sediments. Conversely, there 
is the possibility that large pieces of wood could have 
sunk down into older sediments. Finally, some of 
the dated pieces of wood lay relatively far away from 
the sampling site for the pollen diagram, which in 
itself could give some uncertainty with regard to the 
temporal relationship between the two. Despite a 
series of potential sources of error it would appear 
however that the time/ depth curve gives reliable 
dates; the dates arrived at for the elm decline and 
the archaeological finds are as follows: 

TRB (Funnel Beaker) pottery: 
Erteb0lle: 
Elm Decline: 

3430-3670 cal. BC 
3880-4650 cal. BC 
4450 cal. BC 

The date for the early Neolithic funnel beaker of 
Volling-type {3430-3670 cal. BC) is in agreement with 
the dates for other finds of this pottery type from 
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Jutland {Madsen & Petersen 1984; Andersen & Jo­
hansen 1992). 

The date of 3880 cal. BC for the youngest part of 
the horizon termed Erteb0lle corresponds to the date 
for the end of the Erteb0lle Period, fixed for exam­
ple in the kitchen middens {k0kkenm0ddinger) at 
Norsminde {Andersen 1991) and Bj0rnsholm {An­
dersen 1993). 

The age of the oldest part of the horizon with 
Erteb0lle pottery {4650 cal. BC) corresponds approx­
imately to available dates for the oldest "Ceramic" 
Erteb0lle Culture in Jutland {Andersen 1973: note 
46). 

On the basis of the above comparisons there ap­
pears to be good agreement between the expected 
age based on the archaeological finds and the age 
determined on the basis of the time/depth curve. 

The age of the elm decline and the beginning of 
the Erteb01le layer must however be viewed with 
some caution, as they have both been arrived at by 
extrapolation. The extrapolated date for the elm de­
cline is 4450 cal. BC. This is 500-600 years older 
than the classical elm decline in Jutland, which is 
dated to 3800/3900 cal. BC {Andersen 1992a: note 
2; Andersen & Rasmussen 1993). As it was arrived 
at by extrapolation, it is impossible to determine the 
precision of the date for the Ringkloster elm decline, 
but several factors suggest that this event does occur 
significantly earlier here than is normal. There is, 
for example a radiocarbon date from above the elm 
decline of 4220 cal. BC. {fig. 10). Similarly, if the 
stratigraphical relationship between the elm decline 
and the archaeological finds is examined, it is clear 
that Erteb01le artefacts occur above the elm decline 
{fig. 10). This suggests that the elm decline lies prior 
to the end of the Erteb01le Culture, in contrast to the 
classical elm decline which radiocarbon dates show 
is contemporary with its close. 

This early date for an elm decline is very unusu­
al in Denmark, but not, however, without parallels 
both here and in neighbouring countries. In Den­
mark, a new radiocarbon wiggle-dated pollen dia­
gram from Hassing Huse Mose {Thy) has revealed 
two declines in the elm pollen curve prior to the clas­
sical elm decline {Andersen & Rasmussen 1993). The 
classical elm decline is here dated to 3870 cal. BC 
and the two other declines are dated to 4130 cal. BC 
and 4530 cal. BC respectively. At Hassing Huse Mose 
the first certain evidence of agriculture {cereal pol-
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Fig. 10 Pollen diagram Pl. Percentage diagram calculated on the basis of pollen from the plant categories included 
in the summary diagram (trees, shrubs/dwarf shrubs and terrestrial (dry land) herbs). The white silhouettes indicate 
percentages x 10. The depths of the individual pollen sample are indicated on the Pinus curve. On the diagram the 
horizons with different types of pottery belonging to: 1) Ertebolle Culture and 2) early Neolithic Funnel Beaker 
Culture (TRB) are indicated. The level of the elm decline is marked with a stippled horizontal line. 

len of Hordeum-type) occurs at the same level as the 
classical elm decline. Slight increases in a series of 
apophytes (plants present originally which are fa­
voured by human activity) (Rumex acetosella, Artemi­
sia, Chenopodiaceae, Polygonum aviculare,]asione and 
Poaceae) are seen in connection with the two other 
(earlier) declines (Andersen & Rasmussen 1993). 

Two declines in the elm pollen curve prior to the 
classical elm decline have also been demonstrated 
in a new pollen diagram from close to the Ertebolle 
site of Bi:ikeberg III in Scania (Regnell et al. 1995). 
Here, the classical elm decline is dated to 3980 cal. 
BC, and the two declines prior to this, to 4340 cal. 
BC and 5200-5100 cal. BC, respectively. Finally, in 

Northern Germany an elm decline has been demon­
strated at around 4900 cal. BC, i.e. contemporary 
with the local Ertebolle Culture (Ellerbek-group) 
(Kalis & Meurers-Balke 1988). 

There are thus a number of parallels to the Ring­
kloster elm decline, but on one decisive point the 
latter stands apart from the sites mentioned above, 
namely the force of the decline and the subsequent 
lack of regeneration of the elm stands. The classical 
elm decline around 3800/3900 cal. BC is not seen at 
Ringkloster because by this time elm had been only 
sparsely represented for several hundred years. 

In the period prior to the Ertebolle occupation at 
Ringkloster, the pollen diagram reflects dense and 
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stable woodland with high pollen values of Tilia, 
Ulmus, Qy,ercus, Corylus and Alnus, along with a sparse 
herb flora consisting primarily of wild grasses. Pol­
len analyses from small ponds and soil profiles show 
that in Atlantic times, Tilia was dominant on dry well­
drained soils, together with Corylus and Quercus, whilst 
Ulmus, Alnus and Fraxinus could be found on damp 
or wet areas, presumably mixed with some Qy,ercus 
and Corylus (Iversen 1969; Andersen 1978; 1984; 
1991; Aaby 1983). The establishment of the first Erte­
belle occupation at Ringkloster, brought about no 
changes in this stable vegetation, which continued 
virtually unaltered up until the elm decline. 

The elm decline, and the simultaneous reduc­
tion in Tilia, is followed by a slight rise in a number 
of apophytes (fig. 6 and 10). In particular, the amount 
of Artemisia increases (especially in diagram B, fig. 
6), but also Chenopodiaceae, Polygonum convolvulus 

type and Rumex acetosa/acetosella become more fre­
quent. The increased abundance of these herbs, 
which typically grow on disturbed soils, including 
paths and ruderal areas, suggests that there was in­
creased human activity in the area. There are no in­
dications in the pollen diagram of agriculture con­
temporary with the Ertebelle Culture, and the dis­
turbances must have been connected with everyday 
activities in and around the settlement. 

The early Ringkloster elm decline and the simul­
taneous reduction in Tilia are difficult to explain. The 
causes of the classical elm decline have been dis­
cussed for decades and the following possibilities have 
been proposed: 1) Climatic change (Iversen 1941), 
2) Soil deterioration (Iversen in Troels-Smith 1956), 
3) Elm disease (Iversen in Troels-Smith 1956), 4) Pol­
larding of elm trees for the production of leaf fodder 
for domesticated animals (Fcegri 1944; Troels-Smith 
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1953; 1960) and 5) Clearance (felling) of elm in low­
lying areas to promote Q_,uercus and thus produce 
acorns for pigs (Madsen 1982). Both climatic change 
and soil deterioration can, on balance, now be dis­
counted as primary causes (see discussion in Troels­
Smith 1956; 1960 and Andersen 1984). That leaves 
elm disease and human intervention in one form or 
another. New pollen analytical investigations from 
England identify a combination of elm disease and 
agricultural activity as the most likely cause (Peglar 
1993; Peglar & Birks 1993; see also Rackham 1980 
& Birks 1986). 

The latter interpretation cannot explain the Ring­
kloster elm decline, as there are no contemporary 
indications of agriculture at the time of the elm de­
cline. According to research on modern elm trees, 
elm disease can occur "passively" in an area for a 
long time, flaring up in periods without necessarily 
killing the trees (Rackham 1980; Moe & Rackham 
1992). If it is assumed a) that this situation was also 
the case in prehistoric times, and b) that the classical 
elm decline was caused primarily by elm disease, then 
the disease could have been present long before the 
classical elm decline. If we extend this assumption 
further, it is not improbable that stands of elm in a 
heavily occupied area such as Ringkloster were ex­
ploited and affected to a significant degree (for ex­
ample by felling or ringing of elm trees; cf. Gorans­
son 1987). This would have created ideal conditions 
for the attack and spread of elm disease, as damaged 
elm trees appear to be the most susceptible (Rack­
ham 1980; Moe & Rackham 1992). 

The reduction in Tilia at the same time as the 
elm decline can most readily be explained in terms 
of the activities of the Erteb0lle people. These could 
have taken the form of clearance of the lime wood­
land and/ or ringing of lime trees. Lime was presum­
ably also used for a variety of different purposes (fu­
el, construction and tools). The simultaneous decline 
in Ulmus and Tilia suggests a common cause and it is 
difficult to find an explanation other than the an­
thropogenic. In this respect, the analyses of carbon­
ised and uncarbonised wood from the settlement's 
refuse layers give some interesting information 
(Malmros 1986). A total of 205 pieces were exam­
ined, of which 115 were carbonised. The uncarbon­
ised material was completely dominated by Alnus 
(70%) followed by Ulmus (10%) and Corylus (9%). 
Among the carbonised material the four most com-

mon taxa were Ulmus (24%), Corylus (17%), Q_,uercus 
(17%) and Alnus (16%) (Malmros 1986). The uncar­
bonised material probably became incorporated in­
to the lake sediments by way of natural processes, 
and as a consequence should be seen as reflecting 
the composition of the woodland vegetation in the 
immediate vicinity of the settlement. The carbonised 
material, on the contrary, is evidence for human in­
tervention, and the species composition should there­
fore be seen as reflecting the Erteb0lle people's choice 
of particular tree species for fuel, tool production etc. 
The clear dominance of elm (24%) in the carbonised 
wood therefore suggests that the stands of elm trees 
in the Ringkloster area were exposed to selective 
exploitation, and it is obvious to see this as a contrib­
utory or direct cause of the low values for elm in the 
pollen diagrams. No corresponding connection is 
apparent in the case of lime, as lime is only poorly 
represented in the wood samples analysed (uncar­
bonised: 3%; carbonised 6%). Differential preserva­
tion could however have played a role here, as lime 
degrades and disappears much more readily than 
other tree species (Bartholin et al. 1981; Malmros 
1986; M01ler 1987). 

It is very difficult to determine the size of the ar­
ea reflected in the Ringkloster pollen diagrams. The 
apparently very local nature of the pollen input sug­
gests that a relatively small area is involved and, fur­
thermore, the Erteb0lle population could hardly have 
had such an impact on the elm and lime woodland 
over a wider area. All in all, it seems reasonable to 
presume that the pollen diagrams reflect the vegeta­
tion within a relatively limited area around the Ring­
kloster settlement. 

About 3900 cal. BC, i.e. at the transition from the 
Atlantic to the Sub-boreal, both diagrams show a 
marked change in the wetland vegetation (fig. 6 and 
10). Alnus declines sharply, followed by a significant 
increase in wetland herbs (in particular Dryopteris-type 
and Cyperaceae). In all probability, these changes 
reflect a reduction in water level in the lake. With a 
reduced water level, wetland herbs would have been 
able to expand on to new areas of the lake margin 
closer to the pollen sampling sites, with high values 
of Dryopteris- type and Cyperaceae as a consequence. 
This interpretation is supported by the marked in­
crease in Pinus (in both diagram Band P1; fig. 6 and 
10), which begins at the same time as the above-men­
tioned changes. Due to its great buoyancy, pine pol-



len often becomes concentrated in the littoral zone, 
where the sediments become enriched with this pol­
len type (Fregri & Iversen I989; Amman I994). As 
the water level fell, the littoral zone (and the concen­
trations of pine pollen) would, as described above, 
have moved further out into the basin and thus clos­
er to the sampling sites for the pollen diagrams, where 
an increased sedimentation of pine pollen took place. 

Detailed investigations of sediments in several 
lakes in southern Sweden have demonstrated a sim­
ilar reduction in water level of the same date. The 
phenomenon is seen in lakes over a large geograph­
ic area and as a consequence is interpreted as being 
the result of a shift towards a drier climate (Diger­
feldt I988; I997; Gaillard & Digerfeldt I99I). 

A reduction in water level at Ringkloster, and the 
subsequent changes in sedimentation linked with this, 
could have influenced several of the pollen curves in 
the pollen diagrams. For example, it is probable that 
the very dissimilar curves for Tilia pollen seen in the 
pollen diagrams B and PI at this time are the result 
of altered sedimentation conditions. 

At the same time as the above-mentioned change 
in water level (ca. 3900 cal. BC), a reduction in the 
woodland trees and an increase in light-demanding 
herbs (Poaceae, Chenopodiaceae, Artemisia, Rumex 
acetosa/acetosella, Plantago lanceolata and Polygonum_con­
volvulustype) is seen in both diagrams (fig. 6 and 10). 
These changes are evidence of an opening up of the 
previously very densely wooded landscape. Apart 
from a single earlier record of Plantago lanceolata (in 
diagram PI; fig. 10), the change coincides with the 
appearance of this species, values of which subse­
quently form a continuous curve. The occurrence of 
Plantago lanceolata documents the first agricultural 
activity in the area, as the species is closely linked 
with areas grazed by domesticated animals (Iversen 
I94I; Behre I98I). The reduction in the woodland 
can thus be presumed to be due to anthropogenic 
causes, i.e. the creation of open areas for agricultural 
purposes. After the first opening up of the woodland, 
the relationship between forest and open land re­
mains virtually constant throughout the remainder 
of the pollen diagrams. In diagram PI (fig. 10) there 
is a slight increase in Plantago lanceolata, Chenopo­
diaceae and Artemisia, which suggests that there was 
an intensification of agricultural activity at this time. 
This occurs at the level of the Funnel Beaker vessel 
and on the basis of the stratigraphical correlation 
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between the vessel and the pollen diagram, it can be 
established that the agricultural activity in the area 
is associated with the Funnel Beaker Culture's Volling 
group. 

The precise character of the earliest Neolithic 
agriculture is difficult to elucidate alone on the basis 
of a pollen diagram from a lake or a bog. In the case 
of Ringkloster, the occurrence of Plantago lanceolata 
demonstrates the presence of areas of grazing for 
domesticated animals. In contrast, evidence of ara­
ble farming in the form of cereal cultivation, cannot 
be seen in the diagrams. The lack of records of cere­
al pollen can not however be taken as an indication 
that cereals were not cultivated in the area, as the 
early cereal types (Triticum and Hordeum) are self-pol­
linating (autogamous) and have very poor pollen dis­
persal (Vuorela I973; Behre & Kucan I986). New 
pollen analytical investigations of old soil horizons 
in and below Neolithic burial mounds have given a 
much more detailed picture of Neolithic agriculture 
than it is possible to obtain from pollen diagrams 
from lakes or bogs. These investigations show that 
agriculture consisted of swidden cultivation with ar­
able and pastoral farming, where the burning of sec­
ondary woodland (especially Betula and Corylus), 
played an important role in creating and fertilising 
open areas (Andersen I992b). The extent to which 
the earliest agriculture at Ringkloster was of this type, 
and if so the internal relationship between arable and 
pastoral farming, cannot be determined on the basis 
of the investigations presented here. 

CONCLUSIONS 

Two pollen diagrams have been produced (B and 
PI) from lake sediments close to the Ertebelle settle­
ment of Ringkloster with the aim of elucidating the 
development of the vegetation. The sampling sites 
for the two pollen diagrams are located close to the 
shore, and as a consequence they are both to a lesser 
or greater extent characterised by the local wetland 
vegetation (alder carr). 

The two diagrams (B: fig. 6 and 7; PI: fig. 8, 9 
and 10) cover approximately the same timespan from 
the end of the Atlantic until the beginning of the Sub­
boreal. The correlation between the archaeological 
and the vegetational development is best shown in 
diagram PI (fig. 10), which was produced from the 
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archaeological layers in the lake deposits directly off­
shore from the settlement. On the basis of 5 radio­
carbon dates for charcoal and partly-charred wood 
from the lake deposits close to the sampling site, a 
timescale has been established, which corresponds 
well with the expected dates for the archaeological 
finds. In the period prior to the Ertebelle settlement 
at the site, the landscape was characterised by stable 
woodland and a modest herb flora. With the estab­
lishment of the settlement, no changes are evident 
in the vegetation pattern. It is first some time after 
the founding of the settlement that changes in the 
vegetation become apparent in the form of a marked 
decline in Ulmus and Tilia, followed by a slight in­
crease in a number of apophytes. Stratigraphical cor­
relation between the archaeological finds and the elm 
decline shows that the latter here is contemporane­
ous with the Ertebelle Culture. The date of the elm 
decline cannot be established precisely, but its coin­
cidence with the Ertebelle Culture and a radiocar­
bon date for wood lying above it of 4220 cal. BC, 
demonstrates that the decline is significantly earlier 
than the classical elm decline in Jutland, which is 
radiocarbon-dated to 3800/3900 cal. BC (corre­
sponding to radiocarbon dates for the end of the 
Ertebelle Culture). 

The Ringkloster elm decline and the simultane­
ous decline in Tilia, are interpreted as being the re­
sult of the activities of the Ertebelle people (clear­
ance of the woodland and/ or ringing of trees and 
the collection of wood for fuel, construction and 
tools). The reduction of elm could have been ampli­
fied by elm disease. 

Around 3900 cal. BC, at the transition from the 
Atlantic to the Sub-boreal, there are several indica­
tions of a reduction in the water level in the lake. A 
similar reduction of the same age is also known from 
several lakes in southern Sweden. The phenomenon 
is seen over a wide geographic area, suggesting that 
it was caused by a climatic shift towards drier condi­
tions. 

From about 3900 cal. BC Plantago lanceolata ap­
pears as a new species in the pollen diagrams, docu­
menting the presence of agriculture in the area. Si­
multaneous with the first evidence of agriculture, 
there is a reduction in woodland, and a general in­
crease in terrestrial herbs. These changes are inter­
preted as being the result of woodland clearance with 
the aim of creating open areas for the purposes of 

agriculture. The earliest agricultural activity cannot 
be linked stratigraphically to the archaeological evi­
dence. Slightly later activity (about 3600/3700 cal. 
BC), can be correlated with the finding of an early 
Neolithic funnel beaker ofVolling type, which shows 
that it was the Funnel Beaker Culture's Volling group, 
which practised agriculture in the Ringkloster area 
at this time. 

Translated by David E. Robinson 
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Latin English 
Acer Maple 
Alnus Alder 
Artemisia Mugwort 
Betula Birch 
Campanula Bellflower 
Caryophyllaceae Pink Family 
Chenopodiaceae Goosefoot family 
Compositae Composite family 
Corylus avellana Hazel 
Crataegus Hawthorn 
Cruciferae Crucifer family 
Cyperaceae Sedge family 
Dipsacaceae Teasel family 
Dryopteris Male-fern 
Ericaceae Heather family 
Fagus sylvatica Beech 
Filipendula Meadow sweet 
Frangula alnus Alder buckthorn 
Fraxinus excelsior Ash 
Galium Bedstraw 
Geranium Cranesbill 
Hedera helix Ivy 
Hordeum Barley 
Humulus/Cannabis Hop/Hemp 
flex aquifolium Holly 
Iris Iris 
jasione montana Sheep's bit 
juniperus communis Juniper 
Labiatae Mint family 
Liguliflorae Ligulate composites 
Lotus Trefoil 
Lycopodiaceae Clubmoss family 
Lythrum salicaria Purple loosestrife 
Nuphar lutea Yellow water-lily 
Nymphaea alba White water-lily 
Pediastrum Pediastrum 
Phalaris arundinaceae Reed-grass 
Phragmites australis Reed 
Pice a Spruce 
Pinus Pine 
Plantago lanceolata Ribwort plantain 
Poaceae Grass family 
Polygonum aviculare Knotgrass 
Polygonum convolvulus Black bindweed 
Polypodium vulgare Polypody 
Populus tremula Aspen 
Potamogeton Pondweed 
Prunella Self-heal 
Pteridium aquilinum Bracken 
Quercus Oak 
Ranunculus Buttercup 
Rhamnus catharticus Buckthorn 
Rosaceae Rose family 
Rumex acetosella Sheep· s sorrel 
Rumex acetosa!acetosella Dock/ Sheeps' sorrel 
Salix Willow 
Sorbus Rowan 
Sparganium Bur-reed 
Sphagnum Bog moss 
Thalictrum Meadow rue 
Tilia Lime 

Danish 
Lon 
El 
Bynke 
Birk 
Klokke 
Nellikefamilien 
Gasefodfamilien 
Kurveblomstfamilien 
Hassel 
Tjorn 
Korsblomstfamilien 
Halvgrcesfamilien 
Kartebollefamilien 
Mangelov 
Lyngfamilien 
Bog 
Mjodurt 
Torst 
Ask 
Snerre 
Storkenceb 
Vedbend 
Byg 
Humle/Hamp 
Kristtorn 
Iris 
Blamunke 
Ene 
Lcebeblomstfamilien 
Tungeblomstrede 
Kcellingetand 
Ulvefodfamilien 
Kattehale 
GulAkande 
HvidAkande 
Pediastrum (gronalge) 
Rorgrces 
Tagror 
Gran 
Fyr 
Lancet-Vejbred 
Grcesfamilien 
Vej-Pileurt 
Snerle-Pileurt 
Aim. Engelsod 
Bcevreasp 
Vandaks 
Brunelle 
0rnebregne 
Eg 
Ranunkel 
Vrietorn 
Rosenfamilien 
Rodknce 
Skrceppe/Rodknce 
Pil 
Ron 
Pindsvineknop 
Torvemos 
Fmsljerne 
Lind 

Triticum 
Tubuliflorae 
l'ypha latifolia 
Ulmus 
Umbelliferae 
Urtica 
Viburnum opulus 
Viscum album 
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Wheat Hvede 
Tubulate composites Rorblomstrede 
Cat's tail Bredbladet Dunhammer 
Elm Elm 
Umbellate family 
Nettle 
Guelder-rose 
Misteltoe 

Skcermplantefamilien 
Ncelde 
Kvalkved 
Mistelten 

Table 1. List of Latin plant names used in the article and 
their equivalents in English and Danish. 
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Meat, Furs and Skins: 
Mesolithic Animal Bones from Ringkloster, a Seasonal Hunting 
Camp injutland 

by Peter Rowley-Conwy 

INTRODUCTION 

The site of Ringkloster belongs to the late mesolith­
ic Erteb0lle period, and dates from the 4th millen­
nium BC in uncalibrated radiocarbon years. The 
Erteb0lle is best known for its numerous large shell 
middens, but inland sites are also known. The exca­
vations at Ringkloster represent the first modern 
excavation of an inland Erteb0lle site in Denmark, 
and the first excavation ever of such a site in Jut­
land. Ringkloster lies some 15 km inland from the 
present coastline of eastern jutland, although at the 
time of occupation sea level was a little higher than 
at present and the sea shore consequently somewhat 
closer (for more information see Andersen 1975; 
1998- this volume). 

The site lies on the shore of a former lake, now 
infilled with fen peat. Little or no animal bone ma­
terial survives on the actual area of occupation it­
self. However, the inhabitants disposed of large 
quantities of animal bones and other items by throw­
ing them into the adjacent lake, where they were 
subsequently covered by the growing fen peat. In 
this respect the site is similar to other well-known 
mesolithic lake edge sites such as the Maglemose 
settlements of Zealand, and Star Carr in Britain. 

Preservation of animal bone in such contexts is 
superb, and Ringkloster is exceptional even when 
compared to other bog sites. Dog bones are present 
in the assemblage, and some other bones show vis­
ible traces of gnawing. These are relatively rare, how­
ever, so it is felt that dogs have probably not modi­
fied the assemblage as much as is usually the case. 
Once bones had been discarded into the lake, dogs 

would no longer have had access to them ( cf the 
similar arguments advanced for Star Carr by Legge 
& Rowley-Conwy 1988: 70). 

The peat deposits from which the bones were re­
covered were not amenable to systematic large scale 
sieving. Bone fragments were therefore recovered 
by hand during the excavation. It is believed, how­
ever, that recovery was as good as could be achieved 
under the circumstances. The excavators (among 
them for several seasons the author of this paper) 
worked slowly and carefully and made every effort 
to recover all items. Some samples of material from 
the bog were sieved as a check on the degree of 
recovery, and very little material was found to have 
been overlooked by the excavators. For the most 
part one may therefore be reasonably confident that 
the assemblage is representative of what was in the 
deposits. However, the near absence of items such 
as astragali and phalanges of small carnivores (oth­
er bones of which are very common) must be due to 
their not being recovered. 

A substantial part of the animal bone assemblage 
was previously examined by Dr. Ulrik M0hl, and a 
preliminary report presented (in Andersen 1975: 84-
89, 94). The present author has examined the entire 
assemblage, and aspects of it have been referred to 
in other contexts (Rowley-Conwy 1993; in press). It 
must be stressed here that this report is preliminary, 
and that some analysis remains to be carried out. 
Although the main conclusions will not change, de­
tails of quantification etc. may differ in the final re­
port. 
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RINGKLOSTER MAMMALS AND BIRDS 

Fig. 1 Results of a preliminary quantification of the 
Ringkloster mammal and bird bones. For method of 
quantification see text. 

SPECIES REPRESENTED 

Fig. 1 shows in graphic form the frequencies of mam­
mals and birds at Ringkloster. The method of quan­
tification that this is based upon is a variant of the 
Minimum Number of Elements (MNE) method pre­
sented by Binford (1978: 69-72; 1984: 50-51). This is 
preferable to both a simple count of fragments (NISP 
or Number of Identified Specimens) and any calcu­
lation of minimum numbers of individuals (MNI). 
MNI counts are usually based on only a small part 
of the assemblage such as the most common ele­
ment, so that interspecific comparisons of even quite 
large assemblages may be based on small numbers. 
NISP counts suffer from problems of anatomical dif­
ferences between species and differential fragmen­
tation. 

There are two stages in calculating MNE totals: 
firstly, the minimum number of each element (for 
example, distal humerus) must be estimated from 
the fragments found; secondly, these numbers must 
be adjusted because not all bones are equally repre-

RINGKLOSTER WILD PIG DENTAL EVIDENCE 

Fig. 2 Seasonal evidence from dentition of wild boar 
(Sus scrofa) from Ringkloster (preliminary version). 

sented in a skeleton. For example, a ruminant has 
one atlas vertebra, two distal humeri, and eight prox­
imal phalanges; the count for atlas vertebrae is there­
fore doubled, and that for proximal phalanges di­
vided by four, to bring them into line with the long­
bone articulations. 

This is preferable to NISP and MNI calculations 
in a number of ways. Firstly, all jaw and teeth frag­
ments are not counted separately, but have been 
used to calculate the minimum number of mandi­
bles and maxillae they could have come from. Al­
though imprecise, this is preferable to counting each 
fragment separately, because at Ringkloster the large 
mammal jaws were often broken. One smashed jaw 
liberates many identifiable teeth into the archaeo­
logical deposits, and if each tooth was counted sep­
arately biases would be introduced both within and 
between species. Secondly, among the animals con­
sidered here, pigs have more metapodials than do 
the ruminants. For the purposes of comparability, 
the totals for metapodials III and IV are therefore 
halved, and the lateral metapodials and phalanges 



are ignored. Metapodial totals of carnivores are sim­
ilarly adjusted to make them comparable to the ru­
minants. Thirdly, differential fragmentation is to 
some extent circumvented by counting each long­
bone articulation separately. Many newborn deer 
limb bones and the overwhelming majority of car­
nivore limb bones were unbroken, while almost all 
the subadult and adult large mammal limb bones 
were broken. In a NISP count a complete pine mar­
ten humerus would count as one fragment, while a 
smashed pig humerus could be represented by two 
or more fragments. This bias is removed by count­
ing the complete pine marten humerus as two ele­
ments in the MNE count, one for each articulation. 

No method of quantification gives a magic solu­
tion to interspecific comparisons. However, the 
method outlined here probably gives a truer gener­
al picture of animal frequencies than most (subject 
of course to cultural biases such as differential trans­
port of species or skeletal parts- see below). In light 
of this, various comments may be made with regard 
to fig. 1. 

Wild boar is clearly the most common large mam­
mal. Red deer is the second species in this category, 
only exceeding wild boar if the large number of ant­
ler fragments are taken into consideration. It is re­
markable that bones of pine marten should be so 
common; these exceed those of red deer (excluding 
the antlers) and are second in frequency only to wild 
boar. The only domestic animal present is the dog; 
no sign has yet emerged from the analysis that the 
wild boar or aurochs are in any sense "proto-do­
mestic". Three scapulae of wild boar have healed 
shot wounds, indicating that these animals at least 
were hunted. The presence of two horse bones is 
unexpected but not entirely implausible, since a 
horse first phalanx from the Erteb0lle site of Bra­
brand has been directly dated to 3550 ± 75 BC un­
calibrated (K-2651), thus placing it squarely within 
the Erteb0lle period (Davidsen 1978, 145). Direct 
radiocarbon dates will be taken from the Ringkloster 
specimens to ascertain their contemporaneity with 
the rest of the cultural material. Finally, the pres­
ence of a rib of bottle-nosed dolphin at Ringkloster 
was noted by Dr. U. M0hl (in Andersen 1975: 88). 
In this author's analysis two further bones of small 
whales were found. Both are vertebrae, and were 
identified (with Dr. M0hl's help) as coming from the 
same species. 
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SEASONALITY 

A major question with regard to any hunter-gather­
er site is whether the site was seasonally occupied, 
and if so in which season. Ringkloster has a number 
of clear indications of seasonal occupation; it will 
be argued here that all the evidence indicates a win­
ter/spring occupation, from about November to 
about May. 

Wild Boar Tooth Eruption 

Tooth eruption provides one of the clearest meth­
ods of determining the season of hunting and there­
fore of occupation. The large number of wild boar 
jaws in the Ringkloster assemblage provide more 
information than perhaps any other European mesa­
lithic assemblage can do. 

The method uses only dentally immature ani­
mals; once the third cusp of the third molar is in 
wear, the animal is no longer so precisely ageable. 
Two pieces of information are required: (1) the age 
at which the various teeth erupt in modern animals; 
and (2) the time of year in which the modern ani­
mals are born. Two assumptions are then made: (1) 
that prehistoric animals erupted their teeth at the 
same ages as their modern counterparts; and (2) that 
prehistoric animals were born at the same time of 
year as their modern counterparts. Modern wild boar 
have been relatively well studied. Three sets of erup­
tion ages for different modern wild populations are 
known to the author (Bull & Payne 1982; Brieder­
mann 1967; Matschke 1967). These all agree closely 
with each other and with the modern domestic ages 
put forward by Silver (1969). Can these figures be 
safely extrapolated back to the mesolithic? Silver 
(1969) also quotes figures for domestic animals in 
the last century; these differ from the modern fig­
ures and Silver suggests that plane of nutrition de­
termines tooth eruption speed. However, recent 
work on cattle and sheep has indicated that 19th 
century data are suspect or spurious, and that tooth 
eruption is unlikely to be much affected by nutri­
tion (Payne 1984; Legge, Williams & Williams 1992). 
In view of this, and of the similarity between the 
various sets of pig data mentioned above, it is likely 
that modern figures for tooth eruption can be ex­
trapolated back with some confidence. In Denmark 
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WILD BOAR SCAPULA COLLUM LENGTH (SLC) 
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Fig. 3 Scapula measurement SLC of wild boar (Sus 
scrofa) from Ringkloster, compared to the same 
measurement from Sv.erdborg I. Measurement 
definition from von den Driesch (1976). 

wild boar give birth in March and April (Mohl1978), 
and this too has probably changed little within the 
Holocene. 

Fig. 2 shows the preliminary results. The ages 
used are those put forward by Higham (1968) using 
an earlier edition of Silver's (1969) ages. Each jaw 
ageable within Higham's scheme is given a line cov­
ering its determined age in months. Months in the 
year are calculated taking April 1 as mean date of 
birth. A line on fig. 2 means that an animal was killed 
somewhere within the timespan; it does not of course 
indicate human activity throughout the months cov­
ered. It is clear that there are two separate peaks of 
killing, one in each winter. The fact that these peaks 
coincide, both falling in the winter, is a further point 
in favour of extrapolating back the tooth eruption 
ages of modern pigs: if eruption ages were substan­
tially different in the meso lithic, the two peaks should 
indicate different times of year. 

The minimum period of occupation necessary to 
include almost all the second winter animals is No­
vember to May; this includes the "inner" ends of 
both the 17-19 month and the 25-27 month groups. 
This theoretical minimum is indicated in fig. 2, op-

RINGKLOSTER RED DEER SCAPULA COLLUM LENGTH (SLC) 
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Fig. 4 Scapula measurement SLC of red deer ( Cervus 
elaphus) from Ringkloster. Measurement definition from 
von den Driesch (1976). 

posite both the first and second winters and the first 
spring. Of exactly 100 ageable jaws in fig. 2, all but 
5 could have been killed within the November to 
May minimum. 

Does the minimum necessary occupation coin­
cide with the actual period of occupation? At Ring­
kloster there are two grounds for suggesting so. First­
ly, other indicators all agree (see below). Secondly, 
the gaps in fig. 2 support this. If, for example, occu­
pation had regularly begun as early as September, 
many more animals of 4-5 months and 16-17 months 
would have been expected; but they are virtually 
absent. The minimum necessary occupation period 
is thus a useful tool which may help to indicate con­
centrations in data of this sort. For example, Trolle­
Lassen (1990: fig. 5) plots red deer data from Ty­
brind Vig, and states that the animals were killed 
"at all times of the year" (1990: 10). The minimum 
necessary period to account for 25 of the 26 Tybrind 
Vig specimens (excluding antler) is however a lim­
ited period from June to October. At Tybrind Vig, 
red deer hunting therefore appears to have been a 
seasonal activity. In view of the fact that the numer­
ous pine martens at Tybrind Vig were also killed in 
the autumn (Trolle-Lassen 1986), it would be inter­
esting to know what evidence there is for occupa­
tion at other times of the year. 

Red Deer Tooth Eruption 

The majority of red deer bones from Ringkloster 
comes from mature animals, a fact already noted by 



Mehl (in Andersen 1975: 86). However, one class of 
juvenile also noted by Mehl appears in quantity: 
very young fawns. Seventeen mandibles from such 
animals were recovered. In two cases, deciduous m3 
is nearly fully erupted but is unworn; in the other 
fifteen jaws, deciduous m3 is only half erupted. None 
of these teeth is thus worn, but very faint hairline 
wear was observed on four of the m2 teeth in these 
jaws. The animals from which these came can be no 
older than one or two weeks, and they could indeed 
be foetal. 

Red deer in Europe today give birth mainly in 
May and June. Births in any cine area are usually 
fairly concentrated, and variations between areas are 
probably due to local vegetational development 
(Ahlen 1965). During the Atlantic period, Denmark 
was over 2°C warmer than today (Degerbel & Krog 
1951). Vegetation is thus likely to have developed 
relatively early in the year, which may suggest that 
Ertebelle period red deer births would concentrate 
in May rather than June. Adding a month before 
this for the possibility that the little deer were foetal, 
the season that the Ringkloster fawns indicates is 
tentatively placed as April and May. The fact that 
no jaws have wear beginning on m3 indicates an 
abrupt ending of hunting, best explained as the start 
of a seasonal absence by the hunters. 

Wild Boar Bone Growth 

Bone growth is a method which has recently been 
used to diagnose seasonality (Legge & Rowley-Con­
wy 1987; Rowley-Conwy 1993; in press). Gaps in 
distributions are good evidence of a cessation of kill­
ing and thus of seasonal killing, but do not by them­
selves indicate which season is involved. 

Where sites can be diagnosed by tooth eruption, 
the bone growth patterns lend support. An exam­
ple is given in fig. 3. The Maglemosian site ofSvrerd­
borg I is classified as a summer site on the basis of 
among other things pig tooth eruption, because of 
the presence of many piglets of about 2-5 months 
age (Rowley-Conwy 1993). The group of unfused 
scapulae from this site (fig. 3) must correspond to 
these. There is then a gap (containing only three 
specimens), separating the very young and the more 
mature specimens. This gap reinforces the conclu­
sion that people were mostly absent from Svrerd-
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ROE DEER HUMERUS SHAFT WIDTH (SD) 

Fig. 5 Humerus measurement SD of roe deer ( Capreolus 
capreolus) from Ringkloster, compared to the same 
measurement from Svrerdborg I, Holmegaard I and IV 
and Mullerup. Measurement definition from von den 
Driesch (1976). 

borg I during the winter. Ringkloster is exactly com­
plementary: a single tiny scapula is even smaller than 
the Svrerdborgjuveniles, indicating a newborn spec­
imen probably killed in about April. There is then a 
gap opposite the summer juvenile size range at 
Svrerdborg; killing at Ringkloster resumed opposite 
the winter gap at Svrerdborg. Wild boar bone growth 
thus supports the conclusions derived from the jaws. 

Red Deer Bone Growth 

The Ringkloster red deer scapulae show a similar 
pattern to those of wild boar (fig. 4), though no 
Maglemosian comparative specimens are available. 
However, the major gap between the fused and the 
unfused specimens must indicate seasonal cessation 
of killing. The little scapulae must correspond to the 
newborn or foetal jaws described above, while the 
fused ones derive from subadult or adult animals. 

Roe Deer Bone Growth 

Bones of very young roe deer were also present at 
Ringkloster, although only one newborn or foetal 
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jaw was found. These bones cannot therefore be so 
clearly seasonally diagnosed by means of evidence 
from Ringkloster. However, sufficient Maglemosian 
comparative material is available to provide a pat­
tern. 

The sites of Svrerdborg I, Holmegaard I and IV 
and Mullerup produced many roe deer bones, a few 
of which were from very young animals. The sites 
in question are all diagnosed as summer sites, occu­
pation probably starting around june (Rowley-Con­
wy 1993). If the above discussion about the birth 
season of red deer applies also to roe deer, the roe 
would have been up to a month old in june. Bones 
of very young roe deer are rare at Maglemosian sites, 
but four humeri were measured from the four sites 
mentioned above. They are plotted in fig. 5, and 
form a clearly separate group. 

The Ringkloster unfused specimens are even 
smaller than the Maglemosian ones (fig. 5). This in­
dicates that they were killed at a still earlier stage of 
growth. Once again the possibility that they were 
foetal animals cannot be ruled out, so once again 
the period April-May is put forward as the most like­
ly time of death. 

Seasonality: Discussion 

The wild boar, red deer and roe deer provide about 
the best seasonal evidence from any mesolithic site 
in Europe, and all converge on winter and spring as 
the main period of occupation. It is worth stressing 
that summer occupations at other sites are clearly 
visible using the techniques applied here (Legge & 
Rowley-Conwy 1988; Rowley-Conwy 1993); the 
winter/spring concentration at Ringkloster is not the 
result of some methodological bias. 

Absence is much harder to prove than presence, 
and consideration must be given to the possibility 
of "invisible" occupation in the summer months. It 
is argued here that such a possibility is unlikely. If 
most of the main food animals were killed in winter 
and spring, what resources could have been used at 
other times? The other animals on the list could have 
provided meat in the summer, although there is no 
evidence that they did so. The pine martens are nu­
merous but small; their bones were frequently found 
still articulated, indicating that they had been dis­
posed of into the lake intact and unbutchered. This 

would suggest they were not eaten, and the pelts 
were probably the reason the animals were hunted 
(see below). The pelts are at their best in the colder 
months of the year, so the presence of so many an­
imals at Ringkloster might thus be further evidence 
of occupation in this season. Detailed seasonal anal­
ysis of the kind carried out by Trolle-Lassen (1986) 
at Tybrind Vig has not, however, yet been under­
taken. 

Birds are present but in small numbers. Such ev­
idence as they provide also indicates winter. Of the 
45 identified bones, 13 (or 29%) come from red 
throated diver (Cavia stellata), sea eagle (Haliaetus 
albicilla) and swan (Cygnus sp). The first two are cold­
season visitors to Denmark (Bruun and Singer 1970). 
The swans are likely to be either Bewick's Swan ( Cyg­
nus bewickii - to which species two of the five swan 
bones were tentatively referred) or whooper swan 
(Cygnus cygnus) both of which are winter visitors. No 
finds of the permanently resident mute swan ( Cyg­
nus olor) are known from this period of prehistory 
(L0ppenthin 1967). 

Other resources that might have played a part 
are fish and plants. Pike and cyprinids predominate 
among the fish (Enghoff 1998- this volume). How­
ever, the fish provide no direct evidence for season 
of kill; both taxa are difficult to catch in midwinter 
but could certainly have been caught in spring (Eng­
hoff 1998 (this volume) and pers. comm.; Rowley­
Conwy 1993: 183). Plants would certainly be more 
available in summer and autumn. However, apart 
from hazel nuts and acorns such resources provide 
relatively low energetic returns, and their importance 
in the mesolithic may have been exaggerated (Row­
ley-Conwy 1986). It is unlikely that "invisible" food­
stuffs could have been so important in summer that 
exploitation of the winter/spring resources stopped 
as abruptly as it appears to have done. It is conclud­
ed therefore that the gap in the hunting oflarge mam­
mals most probably reflects a seasonal absence from 
the site. 

If this is correct, it must be asked where the in­
habitants spent the rest of the year. In view of the 
short distance to the sea, I have earlier suggested 
that the sea shore was the most likely place (Row­
ley-Conwy 1983; 1993). Recently, however, a total­
ly different scenario has been put forward by Price 
(1993), using the work of Noe-Nygaard (1988): 



"In the later mesolithic, both inland and coastal 
sites are recorded; the question of residential sed­
entism vs. mobility and relationships between the 
coastal and inland sites is important for understand­
ing the transition to the neolithic in this area. New 
information from bone chemistry has helped to re­
solve this question. Noe-Nygaard (1988) used the 
813C levels in dog bones at inland and coastal mesa­
lithic sites as a proxy for humans. Dogs at coastal 
sites consumed a diet dominated by marine foods, 
while dogs at inland sites ate an almost exclusively 
terrestrial diet. Such evidence indicates that the dogs, 
and most likely their human owners, spent most of 
the year inland. This study provides strong evidence 
for a sedentary pattern in both areas, as well as a 
distinction between coastal and inland settlements." 
(Price 1993: 242-243) 

This is a considerable oversimplification. Taking 
the eleven definite middle and late mesolithic dogs 
only (Kongemose and Ertebelle periods) from Noe­
Nygaard (1988: table 1), the following pattern emerg­
es: 
a) at coastal sites there are six dogs with a marine 

diet (Carstensminde, Bloksbjerg, Maglemose­
gards Vcenge, Vedbcek, Selager and Ertebelle); 

b) at coastal sites there are two dogs with a terrestri­
al diet (Kassemose and 0lby Lyng) 

c) at inland sites there is one dog with a terrestrial 
diet (Prcestelyngen); 

d) at inland sites there are two dogs with marine 
diets (the two specimens from Kongemose). 
The situation is thus not as straightforward as 

Price states. A variety of interpretations of these data 
are possible, not all supporting the dichotomy be­
tween inland and coastal settlement. Furthermore, 
there is absolutely no reason why the dog data should 
imply sedentism. Finally, a variety of circumstances 
can be envisaged whereby the diets of individual 
dogs might differ from each other and from humans, 
so too much weight should not be placed on dog 
81aC data. There may well have been separate hu­
man populations in the deep interior of Jutland. 
However, a regional perspective is essential if mesa­
lithic settlement is to be understood (Rowley-Con­
wy 1993). From this perspective the presence of a 
highly productive sea coast less than 15 km away 
from Ringkloster cannot be ignored. Such a coast 
would have a relatively high population density, and 
these populations would inevitably make extensive 
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Fig. 6 Skeletal element frequency of aurochs (Bos 
primigenius) from Ringkloster, compared with that from 
Svcerdborg I, Lundby I and Holmegaard V. 

use of the adjacent hinterland as well. This is in fact 
what Noe-Nygaard suggested for the Kongemose 
dogs: the site is not coastal but the dogs had marine 
diets (see above). The site was only 12 km from the 
contemporary sea coast, so "the dogs might thus stem 
from a coastal group of hunters on inland hunting 
expeditions" (Noe-Nygaard 1988: 91). This is exact­
ly what is here argued for Ringkloster. 

PURPOSE OF OCCUPATION 

It will be argued in this section that the Ringkloster 
assemblage differs in a number of respects from what 
would be expected at a base camp. The site was 
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Fig. 7 Skeletal element frequency of aurochs (Bos 
primigenius) and red deer ( Cervus elaphus) from 
Ringkloster, compared with that of caribou (Rangifer 
tarandus) from layer 3 at Aasivissuit. Aasivissuit figures 
from Gronnow et al ( 1983: fig. 83). 

probably a hunting camp specialising on the pro­
curement of meat, furs and skins. 

Meat: Aurochs and Red Deer 

The relative frequencies of skeletal parts of wild boar, 
red deer and aurochs at Ringkloster are markedly 
unusual, and have led to the suggestion that not all 
parts of these animals were always consumed at the 
site but rather that significant quantities of meat were 
exported. The argument is presented in full else-
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Fig. 8 Skeletal element frequency of wild boar (Sus 
scrofa) from Ringkloster, compared with that from 
Lundby I and Holmegaard I and V. 

where (Rowley-Conwy 1993) and will therefore be 
summarised here. 

Quantification of skeletal elements was discussed 
above. The method used to compare skeletal ele­
ment frequencies uses the Minimum Number of 
Elements totals as follows: the most common MNE 
is expressed as 100%, and all other frequencies are 
expressed as percentages of the most common MNE. 
This is the "Percent Minimum Animal Unit" 
(%MAU) method described by Binford (1984: 50-
51). Newborn animals are not included in the fol­
lowing discussion; only bones of subadult and adult 
animals are included in figs. 6, 7 and 8. 



Fig. 6 plots the %MAU of the Ringkloster au­
rochs compared to those of three Maglemosian set­
tlements: Lundby I, Svcerdborg I and Holmegaard 
V (Rowley-Conwy unpublished). Two things are im­
mediately apparent: ( 1) the Ringkloster assemblage 
is heavily dominated by atlas and axis vertebrae, all 
other elements having low values; (2) Ringkloster is 
very different from the other sites in this regard. Fig. 
7 plots the Ringkloster aurochs and red deer; the 
lines are closely similar. 

Under what circumstances will an assemblage be 
dominated by atlas and axis vertebrae? Measure­
ments of aurochs bone hardness are not available, 
but bison atlas and axis vertebrae are remarkably 
hard bones (Kreutzer 1992), so if the same is true of 
aurochs these bones might be expected to survive 
quite well even if other bones did not. However, it 
is difficult to see how a non-cultural taphonomic 
effect could be responsible for the Ringkloster pat­
terns. Firstly, the Ringkloster red deer have an iden­
tical pattern (fig. 7), but atlas and axis are among 
the softest bones in the deer skeleton (Kreutzer 1992). 
Secondly, as mentioned conditions of preservation 
in the lake peats at Ringkloster were excellent, so it 
is unlikely that all the other elements have been de­
stroyed. Thirdly, similar conditions of preservation 
at the Maglemosian sites plotted in fig. 6 have not 
produced similar assemblages, and nor have any oth­
er sites known to the author. Fourthly, the pig pat­
tern is quite different (see below). 

Cultural factors may thus be responsible for the 
Ringkloster pattern. One possible factor emerges 
from a consideration of fig. 7, where the red deer 
and aurochs are compared to the caribou bone rep­
resentation from layer 3 of the Inuit site of Aasivis­
suit in western Greenland (Gmnnow et al. 1983). 
Aasivissuit is dominated by lumbar vertebrae, not 
the first two cervical vertebrae, but is otherwise re­
markably similar to the Ringkloster patterns. At Aa­
sivissuit it is ethnographically recorded that caribou 
were killed nearby, and much of the meat removed 
to the coastal settlement from which the people came 
(Gnmnow et al 1983). The Aasivissuit assemblage 
is thus what remains after animals have been proc­
essed at a hunting camp and much meat transport­
ed further to a base camp. 

The similarity between Ringkloster and Aasivis­
suit does not of course prove that a similar cause is 
involved at both. However, it is difficult to see why 
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people should introduce just the first two neck ver­
tebrae to a site. These bones have no marrow, and 
carry less meat and fat than most other bones (Bin­
ford 1978). It is much more likely that some practice 
similar to that recorded at Aasivissuit is responsi­
ble, and that meat was removed from Ringkloster 
to some other location. 

Meat: Wild Boar 

The wild boar skeletal element pattern differs from 
that of the red deer and aurochs (fig. 8). The assem­
blage is dominated by mandible and scapula, with 
maxilla, atlas and distal humerus also common. All 
other elements are represented by low values. 

Once again it is difficult to see how this might 
come about for non-cultural reasons. The Magle­
mosian sites in fig. 8 have similarly good preserva­
tion, but none resemble Ringkloster in element fre­
quency; frequencies are variable but most elements 
are much more common than at Ringkloster. Cul­
tural practices are more likely to be involved. It is 
probable that wild boar hindquarters were removed 
from Ringkloster; however, the forequarters of these 
animals must have been consumed at the site to ac­
count for the presence of so many scapulae and man­
dibles. 

Fur: Pine Martens 

The unusually large proportion of pine martens at 
the site (fig. 1) is more compatible with Ringkloster 
being a special-purpose procurement camp than a 
base camp. Apart from the spectacular assemblage 
from Tybrind Vig (Trolle-Lassen 1986) no other site 
in Denmark is known with so many of these ani­
mals, and this strongly suggests specialised procure­
ment rather than normal usage. 

It was mentioned above that skeletons were some­
times found articulated rather than butchered. Many 
skulls do however show transverse cut marks across 
the front of the skull, characteristic of skinning. A 
Ringkloster specimen was illustrated by Andersen 
(1975: fig. 72), and others are known from Tybrind 
Vig (Trolle-Lassen 1986: fig. 3). A total of eighteen 
such cases have been observed at Ringkloster. A sin­
gle fox skull had similar transverse cuts. One badg-
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er skull, four dog skulls and one beaver skull had 
longitudinal cuts in the same region, probably indi­
cating a variant on the same skinning method. Fi­
nally, a bear skull had transverse cuts across the nasal 
bone and longitudinal cuts running up the front of 
the skull. This consistency argues for highly routi­
nised processing of the carcasses. 

Skins: Red Deer and Roe Deer Fawns 

The large numbers of red and roe deer fawns is yet 
another way in which Ringkloster differs from more 
"normal" mesolithic assemblages. Using the quanti­
fication method described above, 28.4% of red deer 
and 18.6% of roe deer were newborn or foetal. This 
indicates specialised procurement of these animals, 
and is thus another argument in favour of Ring­
kloster being a hunting camp. It is unlikely that deer 
populations under continuous predation could sus­
tain a cull of these proportions. 

Bones of red deer fawns have been noted else­
where in the Danish mesolithic, though not in the 
high proportions found at Ringkloster, and it has 
been suggested that the spotted skins of these ani­
mals were desirable raw material for clothing (U. 
M0hl personal communication). At Ringkloster few 
of the bones showed evidence of butchery, but some 
of the metapodials had cut marks across the rear of 
the distal end. This is consistent with skinning. 

CONCLUSIONS 

It has been argued that Ringkloster was a seasonal 
hunting camp, occupied mainly in winter and spring, 
and specialising in the procurement of meat, furs 
and skins for removal to a base camp elsewhere. 
The combined evidence in favour of a winter/spring 
occupation is superior in quantity and clarity to sea­
sonal evidence from most sites known to the author, 
while the evidence for resource specialisation is sec­
ond to none. 

It is unclear from the animal bones whether Ring­
kloster was visited by the inhabitants of just one base 
camp, or from several; if the latter, the site could 
have played a social role as a gathering place that 
went beyond its strictly economic role. One may 
speculate that not all the inhabitants of the base 

camp(s) need have visited Ringkloster: quite small 
hunting and trapping parties on visits of as short as 
a few days would be sufficient to generate the ar­
chaeological remains if the visits took place frequent­
ly enough and over a long enough period. 

Specialised hunting may help to account for one 
other unusual aspect of the site: the large quantities 
of red deer antler. A total of 677 fragments were re­
covered (see fig. 1), of which no fewer than 386 (57%) 
were worked in some way. The site is similar in this 
respect to Star Carr and Stellmoor (Legge & Row­
ley-Conwy 1988; Gmnnow 1987), both argued to 
be specialised hunting sites and both having large 
quantities of worked antler disposed of or cached in 
lakes adjacent to the site. 

This again raises the question of where the base 
camp(s) were located. It was argued above that the 
coast was the most likely region, and that view is 
reiterated here.Judging by the rarity of most of the 
red deer and aurochs skeletons, removal of meat of 
these species was maximised. Pork contains more 
fat than beef or venison, so hunters leading an ac­
tive life would be more likely to choose to eat wild 
boar at a winter hunting camp (cf Speth & Spiel­
mann 1983). Nevertheless the hindquarters, the most 
transportable and probably the fattest parts, were 
also transported away from Ringkloster. This sug­
gests fairly intensive exploitation of the resources in 
question. This is also the impression gained from 
the large numbers of pine martens and the high pro­
portions of newborn or foetal red and roe deer. 

Such intensive and specialised procurement may 
suggest that the regional population exploiting the 
resources was quite dense. This points once again 
to the sea coast, where population densities would 
be relatively large. It is likely (though it cannot be 
proved) that Ringkloster was visited by groups from 
one or more coastal base camps, and that such coast­
al base camps were where the meat, furs and skins 
ended up. Such coastal base camps would be the 
hub of a radial system of exploitation which would 
include both coastal and hinterland regions. Further 
elucidation of the system is a major goal for future 
research. 

Peter Rowley-Conwy 
Department of Archaeology, University of Durham 
Science site, South Road 
Durham DHl 3LE, UK 

In memory of Dr. Ulrik Mohl 
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Freshwater fishing at Ringkloster, 
with a supplement of marine fishes 

by Inge B@dker Enghoff 

INTRODUCTION 

During the Atlantic period, the stone age settlement 
Ringkloster was situated at Lake Skanderborg in jut­
land, Denmark. Lake Skanderborg drains towards 
the west through the river Gudena and is situated 
15-20 km from the nearest seacoast (Kattegat to the 
east). At the time when the Ringkloster settlement 
was inhabited Lake Skanderborg was much larger 
and much more ramified than today. 

The Ringkloster settlement was situated at the 
shore of a prehistoric arm of the lake, just where the 
arm was connected with the rest of the lake through 
a narrow passage. Conditions for fishing must have 
been good here, because fish concentrate at such plac­
es when passing from one basin to the other. 

Pollen analysis indicates that the area off the set­
tlement has been an alder (Alnus) swamp, not reed­
swamp which would have been an obstacle for fish­
ing (Rasmussen 1998- this volume). The bottom of 
the lake off the settlement falls steeply towards west. 
In addition to Ringkloster, there were several other 
stone age settlements at Lake Skanderborg. Ring­
kloster is, however, so far the only inland settlement 
from the Erteb0lle period in jutland which has been 
systematically excavated, and from where bones have 
been preserved. For this reason, Ringkloster is of par­
ticular interest. For an archaeological treatment of 
the Ringkloster settlement, see Andersen (1975; 1998 
- this volume). 

MATERIAL AND METHODS 

The Ringkloster settlement was excavated during the 
period 1969-1983 under the supervision of S0ren H. 
Andersen (Institute of Prehistoric Archaeology, Uni-

versity of Aarhus). The site includes a settlement ar­
ea on land (ca. 200 X 75 m) and a refuse zone in the 
former lake which is now a swamp. 105 m2 of the 
refuse zone have been excavated. The settlement was 
excavated systematically, but the sediment was not 
consistently sieved in the field. This has presumably 
reduced the number of recovered fishbones consid­
erably. However, selected samples were sieved (2lf2 
mm mesh) as a routine in order to control the pres­
ence of small objects. These samples gave the im­
pression that there were only few fishbones in the 
former lake, except near the shore where fishbones 
were locally numerous. Owing to a highly compli­
cated stratigraphy only few squares were, however, 
excavated in this zone. In the settlement area condi­
tions for preservation were very bad and almost no 
organic remnants have been preserved. Thus, the 
majority of the fishbone material derives from the 
refuse zone in the near-shore zone ofthe former lake. 
The vertebrae in the material are well-preserved, but 
fish headbones are generally not. 

14 C datings are available from bottom to top of 
the refuse zone and cover the interval4110-4460 B.C. 
The dates are calibrated according to Stuiver & Pear­
son (1993) by U. Rahbek, The C-14 Dating Labora­
tory, The National Museum, Copenhagen. 

Lab. No. 14C-age BP B.C. cal. ± 1 std. dev. 

K-1652 5610 ± 110 4460 4540-4350 
K-1765 5500 ± 100 4350 4460-4250 
K-1653 5490 ± 100 4340 4450-4240 
K-1654 5320 ± 100 4220-4110 4320-3990 

As the fishbone material was recovered from the 
former lake, it cannot be assumed a priori to repre-
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Fig. 1 Fishbones from Ringkloster, representing the 
most frequent species. Top: Dentale of Pike. Middle 
left: three vertebrae of Pike. Middle right: One 
vertebra and one operculum of Perch. Bottom: One 
pharyngeal bone, 12 vertebrae, and one cleithrum of 
cyprinids ( 1: 1 ). G. Brovad photo. 

Fig. 2 Bones of marine fishes from Ringkloster. Top 
left: two vertebrae of Cod. Bottom left: Burnt 
praemaxillare of Cod. Right: Five vertebrae of Plaice/ 
Flounder/Dab (2: 1) G. Brovad photo. 

No. 
of %of 

bones total 

FRESHWATER SPECIES 
Pike, Esox lucius 253 26.89 

Cyprinids, Cyprinidae, TOTAL 536 56.96 
Roach, Rutilus rutilus (19) (2.02) 
Rudd, Scardinius erythrophthalmus (3) (0.32) 
White bream, Blicca bjoerkna (4) (0.43) 
Common bream, Abramis brama (1) (0.12) 
Cyprinidae unspecified (509) (54.09) 

Perch, Perea jluviatilis 114 12.11 
Ruffe, Gymnocephalus cernuus 2 0.21 

MIGRATORY SPECIES 
Trout/Salmon, Salmo sp. 2 0.21 
Eel, Anguilla anguilla 8 0.85 

SALTWATER SPECIES 
Gadids, Gadidae, TOTAL 15 1.59 

Cod, Gadus morhua (11) (1.17) 
Pollack/Saith, Pollachius sp. (1) (0.12) 
Gadids, unspecified (3) (0.32) 

Plaice/Flounder/Dab, Pleuronectes platessal 
Platichthys flesusl Limanda limanda 11 1.17 

Total 941 

Table 1 Species of fish in the Ringkloster material. 
Numbers of identified bones of each species, and their 
frequency in percent of a total of 941 identified 
fishbones, are given. 

sent refuse from human meals. The bones might as 
well derive from fish dead from natural causes (Noe­
Nygaard 1988). 

However, the fishbones were found in layers with 
clear characteristics of a midden, containing flint 
refuse, mammal and bird bones, sherds, charcoal, 
wood etc. Datings from this refuse layer form a ver­
tical chronological sequence, and the layer is delim­
ited above and below by sterile layers (Andersen 
1975). 

All artefacts from the refuse layer are of the Erte­
b0lle type and resemble the artefacts from the set­
tlement area. The majority of the fishbones were 
found at places with maximum concentration of 
Erteb0lle artefacts. 

Some of the fishbones derive from marine fish 
species (see below) which could not have lived in 



Head bones 
Parasphenoideum 
Frontale 
Basioccipitale 
Praemaxillare 
Maxillare 
Den tale 
Articulare 
Quadratum 
Palatinum 
Ectopterygoideum 
Praeoperculare 
Operculare 
Hyomandibulare 
Keratohyale 
Epihyale 
Os pharyngeum inferius 
Keratobranchiale 
Detached teeth 
stumps with teeth sockets 

Shoulder girdle 
Supracleithrum 
Cleithrum 
Scapula 
Pelvic girdle 
Basipterygium 

Vertebrae 

Others 
Os suspensorium 
Scales 
unspecified bones 

Total 

Pike Cyprinids Perch 

4 
1 
6 

1 
25 
1 
2 
2 

1 
4 

1 
15 
11 

2 
7 

168 

253 

2 

1 
2 

2 
6 

7 

50 

10 

1 
3 

2 

446 

3 
95 

536 

3 

1 
3 

3 

7 
5 

88 

2 
3 

114 
+ 1 scale +95 scales + 2 scales 

Ruffe 

2 

2 

Trout/ 
Salmon 

2 

2 

Eel 

8 

8 
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Gadids Plaice/ 
Flounder/Dab 

13 11 

15 11 

Table 2 Specification of 941 identified fishbones from Ringkloster. Numbers of different bones of each kind of fish 
are given. Detached teeth of Pike derive from oral bones, those of cyprinids from os pharyngeus inferius. Of the 
cyprinid bones, 19 Os pharyngeum inferius belonged to Roach; 1 Os pharyngeum inferius, 1 detached tooth and 1 
basioccipitale to Rudd; 4 Os pharyngeum inferius to White bream; 1 cleithrum to Common bream; the remainder could 
not be identified to species. Of the gadid bones, 11 vertebrae, 1 praemaxillare, and 1 parasphenoideum belonged to 
Cod, 1 vertebra to Pollack!Saith; 3 vertebrae could not be identified to species. 

the lake. A few fishbones, including one of the "ma­
rine" bones, are burnt, their connection with a set­
tlement being therefore beyond doubt. 

Finally, the refuse zone contained many long, 
straight hazel sticks with one pointed end; they most 
probably are remains of stationary fish traps (see 

Discussion). If the Ringkloster people set up fish 
traps, they certainly caught and ate fish. 

On the basis of this evidence I regard at least the 
majority of the fishbones to be human refuse, i.e. 
remains from meals, deriving from the Ertebellle set­
tlement on the shore. An insignificant contamina-
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Fig. 3 Dentale of Pike (lateral view), showing the 
measurement used for estimation of total body length. 

tion with bones from fish died from natural causes 
can of course not be excluded. 

Enghoff (1995) gave a brief account of the Ring­
kloster fishbone material. 

SPECIES OF FISH AND THEIR RELATIVE 
FREQUIENCIES 

The fishbones were identified by comparison with 
recent skeletons from the collection of the Zoologi­
cal Museum, University of Copenhagen. 28 bones 
had previouly been identified by U. M0hl as be­
longing to Pike, Perch and Common bream (in An­
dersen 1975). 

The fishbone material contains the 12 species list­
ed in Table 1 together with the relative frequency of 
each species. The percentages have been calculated 
on the basis of 941 identified bones. Detailed spec­
ification of the fish bone material is given in Table 2. 
Fig. 1 shows selected bones of the most frequent 
species. 

The majority of the bones, viz. 57%, derive from 
the family Cyprinidae which is represented by 
Roach, White bream, Rudd and Common bream at 
Ringkloster. The former three species were identi­
fied by means of pharyngeal bones (plus basioc­
cipitale for Rudd). Common bream was identified 
by means of cleithrum. The remaining cyprinid 
bones are mostly vertebrae, a closer identification 
of which was not attempted. The vertebrae are, how­
ever, assumed to derive from the same four species. 
The White bream is of particular interest, as it is 
new for the Danish subfossil fauna. In our days, the 

White bream is known from all of Denmark (includ­
ing Lake Skanderborg) but is less frequent than its 
close relative the Common bream. 

The second most frequent species is Pike, 27% of 
the bones. It is followed by Perch, 12%. Each of the 
remaining species on the list is only represented by 
a few bones. It is, however, noticeable that the ma­
terial includes two bones of Ruffe, a species that is 
otherwise known as a subfossil in Denmark from 
the Eem interglacial only. 

The relative frequencies of bones of different spe­
cies cannot be taken as an exact measure of the rel­
ative importance of the species, see Enghoff (1987) 
and references therein. Also the fact that sieving has 
not been consistently used during the excavation 
has contributed to an uneven representation of the 
species. It is worth noticing that 3/4 of the fishbones 
were recovered from four out of 198 samples. These 
four samples, which were all taken in the former 
shore zone and which were all sieved, each con­
tained many species. Apart from these samples, the 
fishbone material chiefly consists of scattered finds 
of one or a few bones, in particular from Pike. Out 
of the 198 samples, no less than 172 contain Pike 
bones - an indicator of the general availability of 
this species. 30 samples contain cyprinid bones, and 
16 contain Perch bones. 

The most interesting aspect of the species list from 
this inland site undisputedly is the element of ma­
rine species. Bones of Cod, Saith/Pollack and Plaice/ 
Flounder/Dab have been found (Fig. 2). All in all, 
the marine bones constitute no less than 3% of the 
total number of identified fishbones. 96% of the 
bones are from freshwater fishes, and 1% from mi­
gratory ones. All species are common in Denmark 
today. 

The marine fish in the Ringkloster material 

All but one of the 26 bones from the marine fish 
species, Cod, Saith/Pollack and Plaice/Flounder/ 
Dab, derive from the above mentioned fishbone­
rich samples from the shore zone. The marine bones 
are scattered over a horizontal distance of ca. 35 m, 
indicating that they may represent several independ­
ent fishing episodes. 

By comparison with recent specimens, the Cod 
bones can be seen to derive from individuals of just 
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Fig. 4 Size-frequency diagram of Pike from Ringkloster. Length estimated on the basis of measurements of dentale. 

below 20 to 35 em total length. This is exactly the 
most common size of Cod at coastal Danish Erte­
b0lle settlements (Enghoff 1994). Bones from both 
head and body are present. If information on size of 
the Cod and on the distribution of the bones is com­
bined, at least five specimens of Cod are indicated. 

A single vertebra represents Saith/Pollack, a spec­
imen of ca. 25 em total length. Unfortunately the 
vertebrae cannot be identified to species. 

All 11 bones from Plaice/Flounder/Dab are ver­
tebrae and derive from a single square. However, 
the sizes of the vertebrae indicate that at least two 
specimens are represented, one of ca. 30 em total 
length, one much smaller. 

One of the marine fishbones, a praemaxillare 
from Cod, is black-burnt (Fig. 2) -a clear proof that 
at least this particular marine bone has definitely 
formed an integral part of the settlement's activities. 
Any contention that the marine bones are just re­
gurgitated pellets from gulls coming in from the 
coast, is hereby falsified. 

Size of the pike 

Bones of Pike are a characteristic and constant ele­
ment in the Ringkloster material. Therefore an at­
tempt was made to estimate the size of the subfossil 
Pikes. 

The total length was estimated from subfossil den­
tale (lower jaw bones) using the equation 

TL = 119.3059 D0·9048 

(n = 30, r = 0.9947) 

where TL = total length in mm, D = measurement 
of dentale in mm (see Fig. 3), n =number of recent 

individuals on which the formula is based, and r = 
the coefficient of correlation. 

The total lengths of the subfossil Pikes thus esti­
mated were scattered from 27 to 130 em ( 17 meas­
urements), see Fig. 4. 

Furthermore, the total length of the Pikes was 
roughly estimated by comparing the subfossil ver­
tebrae with vertebrae from Recent Pikes with a 
known length. Vertebrae were much more numer­
ous in the material than was dentale but are not suit­
ed for accurate size estimation because of difficul­
ties with referring subfossil vertebrae to their exact 
position in the vertebral column. Two thirds of the 
vertebrae were found to derive from Pikes of 50-96 
em total length, and one third from larger individu­
als. 

The Ringkloster material thus contains quite a 
number of bones from very big Pikes, up to 130 em. 
The largest Pike ever taken in Denmark was 150 em 
long. 

DISCUSSION 

In the preliminary publication on Ringkloster (An­
dersen 1975) fishing was considered to have been of 
minor importance for the economy of the settlement 
- only 28 fish bones had been found then. This point 
of view needs revision in the light of the new fish­
bone material: 941 identified fishbones although 
sieving was only sporadically done during the exca­
vation. 

As mentioned in the introduction, the Ringkloster 
settlement was well situated for fishing, just like the 
coastal Erteb0lle settlements that in general are con­
centrated at good fishing sites (Fischer 1986; 1987; 
1995; Fischer & S0rensen 1983; Johansson 1964; 
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1995). The widespread occurrence of straight, point­
ed hazel sticks in the former lake suggests that sta­
tionary fish traps/weirs were used, like those known 
from several inland and coastal sites (Becker 1943; 
Kapel 1969; Pedersen 1992; 1995; Fischer pers. 
comm.). This is a sign offishing during an extended 
period at Ringkloster. 

These three lines of evidence: a larger fishbone 
material, position of the settlement at a good fishing 
site, and the occurrence of pointed hazelwood stakes, 
all indicate that the inhabitants at Ringkloster con­
sidered fishing as a significant contribution to their 
economy. 

Cyprinids, Pike, and Perch - the commonest fish­
es in fresh water in Denmark, not surprisingly, dom­
inate the fishbone material. The species in question 
are not very particular about the type of lake they 
live in and thus give no hints about Lake Skan­
derborg during the Erteb0lle period. A guess is that 
the lake has been soft-bottomed and has had a rich 
underwater vegetation, since this is the type of lake 
preferred by the fishes. Some of the Pikes have been 
gigantic (up to 130 em long). The bottom of the lake 
off the settlement slopes steeply down to depths 
where the large Pikes could have lived. Unfortunate­
ly the species of fish provide no direct information 
on possible seasonality of the fishing. However, 
knowledge of the habits of the fishes (see Otterstmm 
1912; 1914; Muus & Dahlstmm 1967) may provide 
an indication of the most probable season of catch. 

The Pike occurs in the vegetation zone during 
the summer but stays on deeper water in winter. Pike 
is most easily caught during the spawning season 
from March to May where they swim into very shal­
low water (to 20 em). Noe-Nygaard (1988) showed 
that Pike fishing at the Danish Mesolithic site Prreste­
lyngen was most intense during exactly these 
months. 

Cyprinids spawn during spring (April-June) on 
shallow water and in general occur in the vegeta­
tion zone during summer (as far as Bream is con­
cerned, this is true only for individuals in their first 
two years). During winter the cyprinids stay on deep­
er water. Several cyprinid species are inactive dur­
ing winter. 

Perch occur in schools, either in the vegetation 
zone or on deeper water. During spawning, Perch 
are easily caught in fish traps. 

Rowley-Conwy (1998- this volume) argued that 
the evidence from mammal and bird bones from 
Ringkloster indicates a winter/spring occupation 
from about November to about May. As is evident 
from the discussion above, the fishing might well fit 
into this picture. The fish have been especially eas­
ily caught in the spring months. 

One of the most interesting aspects of the 
Ringkloster fishbone material is the element of ma­
rine fishes: Cod, Saith/Pollack, and Plaice/Floun­
der/Dab, which constitute 3% of the identified fish­
bones. The fishbones are not the only marine indi­
cators from Ringkloster but are accompanied by 
about five shells of oyster ( Ostrea edulis) and a rib 
and two vertebrae of Bottle-nosed Dolphin ( Tursiops 
truncatus) (Rowley-Conwy 1998 - this volume). To­
day, the Bottle-nosed Dolphin has a southern distri­
bution: although it reaches as far as Scotland, it is 
rare north of the English Channel (Evans 1991). Its 
occurrence in the Ringkloster material therefore in­
dicates a warmer climate during the Atlantic peri­
od, like for instance the southern fish species from 
Bj0rnsholm (Enghoff 1993). 

The above-mentioned marine indicators are a 
proof for a contact to the seacoast. The Ringkloster 
settlement is situated equally far away from the con­
temporaneously coastal settlements at Brabrand, 
Norsminde and Harsens Fjord on the East Coast of 
Jutland. Enghoff (1991) analysed the fishbone mate­
rial from Norsminde and the most frequent fishes 
were Flounder and gadids, exactly the ones which 
are represented at Ringkloster. However, these are 
very common fishes which have probably also been 
caught at Brabrand and Harsens Fjord. It is, howev­
er, noteworthy that the Norsminde material is total­
ly devoid of bones from freshwater fishes. Whatev­
er the nature of the contact between inland and coast 
has been, there is no evidence for transport offresh­
water fish from the inland to Norsminde. The small 
whale, Bottle-nosed Dolphin, is also represented on 
the contemporaneous settlements from Flynderhage 
(Norsminde Fjord) and Brabrand (C. Kinze, pers. 
comm.). 

A parallel to the marine fish element in the Ring­
kloster material is the occurrence of spines of the 
shark species Spurdog (Squalus acanthias) on inland 
settlements in Amosen, Zealand (Noe-Nygaard 1971; 
P. Vang Petersen, pers. comm.). 



The marine fishbones from Ringkloster do not 
throw full light over the contact between coast and 
inland, but the marine fishes seem to have arrived 
at Ringkloster at several occasions. This is in agree­
ment with Rowley-Conwy's (1998- this volume) idea 
that Ringkloster was a seasonal hunting camp visit­
ed repeatedly by the inhabitants from one or sever­
al basecamp(s) situated by the seacoast. 

CONCLUSION 

The fishing at Ringkloster seems to have been more 
important than previously assumed. Cyprinids, Pike 
and Perch, possibly taken in fish traps during spring, 
dominated the catch. 

A significant element of marine fishes in the bone 
material substantiated the indication of a contact to 
the coast. 

Inge B0dker Enghoff 
The Zoological Museum, University of Copenhagen 
Universitetsparken 15 
DK-2100 K0benhavn 0. 
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Pollen analytical investigations of barrows from the Funnel 
Beaker and Single Grave Cultures in the Vroue area, West 
jutland, Denmark 

by Svend Th. Andersen 

INTRODUCTION 

Archaeological investigations in the Vroue area in 
Westjutland (see Fig. 1) have been performed since 
the beginning of this century. Single Grave barrows 
on Resen Heath were excavated 1901-1902 by H. C. 
Blinkenberg and H. Kjrer for the National Museum. 
These investigations were later published by Jer­
gensen (1977a). The famous passage grave at Hage­
brogard was excavated 1910 and was re-investigated 
by E.Jergensen in1969 Qergensen 1977a). Early Ne­
olithic long-barrows, passage graves, stone-heap 
graves and Single Grave barrows in the Sjerup Plan­
tation and on Vroue Heath were excavated by E. 
Jergensen 1970-1985 Qergensen 1973; 1977a; 1977b; 
1981, 1985). A number of well-dated barrows extend­
ing in age from the Early Neolithic to the Single Grave 
Culture and concentrated to a small area in the Sjerup 
Plantation and on Vroue and Resen Heaths thus are 
thoroughly known (Fig. 3). One grave mound from 
the Bronze Age occurs in that area Qergensen 1977a). 

In recent years experience with pollen analysis of 
soil horizons buried below barrows and enclosed in 
fill material from Early Neolithic mounds, Middle 
Neolithic passage graves and Bronze Age mounds in 
East and North Denmark has been gained (Andersen 
1988; 1990; 1992; in print a; in print b). Based on 
these investigations, information about small-scale 
vegetation composition and prehistoric land-use at 
the burial mounds prior to and at the time of their 
erection was gained. S.Jergensen (1965) and Odgaard 
and Rostholm (1989) investigated soils beneath a few 
Single Grave Culture barrows in West Jutland. In­
formation about vegetation and land-use around bar-

rows from the Funnel Beaker Culture and a wider 
range of Single Grave Culture barrows in West jut­
land is still missing. 

The general vegetational development and hu­
man impact on the vegetation in North West jutland 
is well known from the investigations of Odgaard 
(1994). It was therefore a promising task to study the 
well-dated barrows in the Vroue area by pollen anal­
ysis. It was expected to obtain pollen diagrams to 
indicate small-scale changes in vegetation prior to 
the erection of the mounds and vegetation and land­
use at the time of the barrows. These results might 
also elucidate the transition from the Funnel Beaker 
Culture to the Single Grave Culture. 

1994, sections were opened in four Early Neo­
lithic long barrows, three passage graves and a round 
barrow from the Early Middle Neolithic, five bar­
rows with undergraves and three barrows with 
ground graves of the Single Grave Culture in the 
Vroue area. Pollen diagrams were worked out for 
these sites. No soils occur underneath the stone-pack­
ing graves from the Middle Neolithic and there were 
no primary barrows with overgraves. 

Soils in Neolithic barrows in Denmark were first 
investigated by Muller (1884) and Sarauw (1898). Lat­
er, pollen analysis was applied by Jergensen (1965), 
Andersen (1988; 1992) and Odgaard and Rostholm 
(1989). Neolithic soils in North Germany were stud­
ied with pollen analysis by Groenman-van Waater­
inge (1979) and Averdieck (1980). In the Netherlands, 
soils underneath Neolithic barrows were first stud­
ied with pollen analysis by Waterbolk (1954; 1958), 
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Fig. 1 The main surface deposits of Denmark. The insert 
map shows the investigation area at Vroue (black square) 
and three lake sites investigated by Odgaard (1994). 

later by van Zeist ( 1955) and Casparie and Groen­
man-van Waateringe (1980). Pollen diagrams from 
Early and Middle Neolithic barrows from Wiltshire, 
South England, were presented by Dimbleby and 
Evans (1974; see also Smith 1984), and from West 
Ireland by Molloy (1985). A comprehensive discus­
sion about pollen investigations of archaeological 
soils was given by Dimbleby (1985). 

GEOLOGY OF THE VROUE AREA 

The investigation area at Vroue comprises tills north 
of the "main stationary line" of Ussing (1903) from 

the Weichselian glaciation and meltwater terraces 
along the Karup Valley. The stationary line of Uss­
ing extends west-east from the North Sea to Dollerup, 
where it turns southward (Fig. 1). The Sjerup Mo­
raine north of the stationary line is a plateau with 
undulating dead-ice topography. It consists of sandy 
till and rises to about 55 m altitude in the Sjerup 
Plantation. To the south it is delimited by a steep 
slope. 

The Karup heath plain consists of meltwater sand 
transported from outflows at the main stationary line 
towards west (Fig. 1). The northern part ("Alhede") 
is situated at 45-75 m altitude (Ussing 1903, Fig. 2). 
The original Karup valley was eroded at a time, when 
an outflow to the north was opened up due to melt­
ing of ice north of the plain (Ussing 1903, Fig. 2). A 
plain of meltwater sand was deposited in the Karup 
valley reaching altitudes of 30-45 m. The remnants 
of this heath plain to-day form an upper terrace in 
the Karup valley (Ussing 1903; Milthers 1935, Fig. 
2). Vroue Heath and Resen Heath south of the Sjerup 
Moraine in the present investigation area are situat­
ed on this upper terrace (Fig. 3). The base level of 
the meltwater stream in the Karup valley was later 
lowered due to the opening of a new outflow to Skive 
Fjord (Ussing 1903; Milthers 1935). A lower terrace 
at 15-30 m altitude was formed in the valley and a 
side-valley running eastward along the Sjerup Mo­
raine was eroded in the upper terrace (Ussing 1903; 
Milthers 1935, Fig. 2). This valley separates Vroue 
Heath to the north, and Resen Heath south of the 
valley, and contains the brook Sejbrek (Fig. 3). The 
present Karup valley was eroded in the lower ter­
race. Neolithic grave mounds are found on the Sjerup 
Moraine and on Vroue and Resen Heaths on the 
upper Karup valley terrace. The passage grave at 
Hagebrogard occurs on the lower terrace. 

SECTIONS IN THE BARROWS 

The barrows were selected and identified in the field 
by E. Jergensen. Profiles were exposed in trenches 
dug in the mounds April and October 1994. Fill lay­
ers, soil layers and subsoil were described and meas­
ured in vertical sections, and samples for pollen anal­
ysis were extracted. The soil layers seen beneath the 
mounds were referred to the Central European sys­
tem (Scheffer et al. 1976) on a basis of colours ob-



Fig. 2 Detail of N.V. Ussing's geomorpholocical map of 
West jutland (Ussing 1903) showing the Weichselian 
glacial landscape (dotted), heath plains and meltwater 
terraces along the Karup valley (areas with height 
curves, in feet), and the Karup River (Skive Aa) valley 
(white). The investigation area south ofVroue is 
indicated by a rectangle. 

served in the field (see the descriptions below). The 
Ah horizon here denotes a top layer of brown or black 
colour (humic horizon). It contains decomposed 
plant litter transported from the surface by the soil 
fauna. The Ae horizon is white or grey and is deplet­
ed of humus, iron and aluminium by leaching (elu­
vial layer). The Bv horizon is brownish-red due to 
accumulation of humic matter and iron transported 
from above (illuvial horizon, verbraunt in German). 
The C horizon is untransformed parent material of 
yellow or grey colour. 

Podzols are characterized by the presence of an 
eluvial layer (Ah-Ae-Bv-C profile). The Ae horizon 
is absent in brown earth (in Danish muld). Brown 
earth may be neutral or somewhat acid (oligotroph­
ic brown earth, fattigmuld in Danish). A highly or­
ganic layer formed by decomposed litter may accu­
mulate on top of soils, where downmixing of organ­
ic litter has ceased due to disappearance of burrow­
ing animals (Ao horizon, morin Danish). No Ao ho­
rizons were observed in the present sections. Pod­
zols are characteristic of heathlands and acid grass­
land, and of woodlands with an acid humus layer, 
(oligotrophic beech or oak forests). Brown earth oc-
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Fig. 3 The investigated Neolithic barrows on the Sj0rup 
Moraine, and on Vroue and Resen Heaths. Early 
Neolithic barrows (EN II): 1, Sj0rup la; 2, Vroue Heath 
8; 3, Vroue Heath 4a; 4, Vroue Heath lb. Early Middle 
Neolithic barrows (MN AI): 5, Sj0rup lb; 6, Vroue 
Heath 4b; 7, Vroue Heath la; 8, Hagebrogard. Single 
Grave Culture barrows with undergraves (MN BI): 9, 
Sj0rup 2; 10, Koldkur 10; 11, M0lgard 7; 12, M0lgard 1; 
13, M0lgard 13; Single Grave Culture barrows with 
ground graves (MN BII): 14, Vroue Heath 7; 15, 
Koldkur 1; 16, Koldkur 7; The passage grave at 
Hagebrogard (8) is situated on the lower terrace of the 
Karup valley. 

curs in many vegetation types on more or less fertile 
soil. 

Sections from the barrows examined are described 
below. The figures in brackets refer to the map in 
Fig. 3. Depth and colour of the soil horizons are sum­
marized in Table 1. The datings of the barrows were 
provided by E. J 0rgensen. 

Late Early Neolithic barrows (EN II, 3300-3500 BC) 

Sjorup Plantation 1a (1) (Vroue parish sb. 121, J0r­
gensen 1977b). A long-barrow with an earth grave. A 
trench was opened east of the grave. Fill, 100 em deep, 
consisted of grey-brown or light-grey finesand with 
some pebbles. A soil was developed in finesand be­
neath the fill (Ah, Ae, Bv horizons) and above sub­
soil of red-yellow finesand with some pebbles (C ho­
rizon). The topmost soil layer (Ah) was somewhat 
diffused. A diffused soil horizon (Ae) over yellow sand 
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horizon Ah horizon Ae horizon 8v horizon C 
em colour em colour em colour colour 

EN II barrows 

Sj0rup 1a 9 grey-brown 4 light grey 4 red-brown red-yellow 
Vroue 8 7 white-grey 
Vroue 4a 6 brown-grey 28 red-brown yellow 
Vroue 1b 10 grey-brown 29 red-brown yellow 

MN AI barrows 

Sj0rup 1b 7 brown 17 brown-yellow yellow 
Vroue 4b 10 brown-grey 15 red-brown yellow 
Vroue 1a 6 red-brown 15 brown-yellow yellow 
Hagebrogard 7 black-brown 21 red-brown grey-yellow 

MN 81 barrows 

Sj0rup 2 16 black-grey yellow 
Koldkur 10 6 brown-grey red-yellow 
M0lgard 7 16 brown 36 red-brown grey 
M0lgard 1 1 dark brown 24 red-brown yellow 
M0lgard 13 6 black-grey 12 brown yellow 

MN 811 barrows 

Vroue 7 7 grey-black 30 red-brown yellow 

Koldkur 1 3 yellow-brown 12 brown-yellow yellow 

Koldkur 7 1 brown-black 44 red-brown grey-yellow 

3 grey-brown 

Table 1 Thickness and colour of horizons within the soils found beneath the barrows of the investigation area. 

(C) was seen in a trench at the western end of the 
barrow. 

Vroue Heath 8 (2) (Vroue parish sb. 123,Je>rgensen 
1977b). A long-barrow with 3 earth graves. A trench 
was opened west of the centre of the barrow, east of 
the southernmost grave. Fill, 95 em deep, consisted 
of blackish-grey sand (topmost) and yellow sand with 
irregular spots of grey-brown sand and a few smears 
of turf-like structure. A soil was developed in sand 
beneath the fill (Ae horizon) and above subsoil of 
yellow slightly clayey and stony sand (C horizon). 

Vroue Heath 4a (3) (Vroue parish sb. 19,J0rgensen 
1977a). A long-barrow with a dolmen chamber. A 
trench was opened at the eastern end of the barrow. 
Fill, 169 em deep, consisted of grey-brown sand with 
some brownish spots and brown-yellow sand. A soil 
was developed in sand with pebbles beneath the fill 
(Ah and Bv horizons) and above subsoil of yellow 
sand with pebbles (C horizon). 

Vroue Heath 1 b (4) (Vroue parish sb. 89,J0rgensen 
1977a). A long-barrow with a dolmen chamber. A 

trench was opened in the northern part of the bar­
row, east of the grave. Fill, 131 em deep, consisted of 
grey-black sand (topmost) and brown-yellow sand 
with a few pebbles and diffused spots of grey-brown 
sand. A soil was developed in sand beneath the fill 
(Ah and Bv horizons) and above subsoil of yellow 
sand (C horizon). The topmost soil layer (Ah) was 
somewhat diffused. 

Early Middle Neolithic barrows (MN AI, 3100-
3300 BC) 

Sjorup Plantation 1 b (5) (Vroue parish sb. 127, un­
published). A round-barrow with an earth grave, cov­
ered by a Late Neolithic barrow. Fill from the Late 
Neolithic barrow was 98 em deep. Fill from the pri­
mary barrow, 9 em deep, consisted of black-brown 
sand. A stone pavement occurred beneath the fill. A 
soil was developed in sand beneath the stone pave-



ment (Ah and Bv horizons) and above subsoil of yel­
low sand (C horizon). 

Vroue Heath 4 b (6) (Vroue parish sb. 20,J.ngensen 
unpublished). A round-barrow with a passage grave. 
A trench was opened behind an upright north of the 
entrance to the passage. Fill, beneath disturbed soil 
and 42 em deep, consisted of grey-brown and brown­
grey sand with some pebbles. A soil was developed 
in sand with pebbles beneath the fill (Ah and Bv 
horizons) and above subsoil of grey-yellow sand with 
pebbles {C horizon). 

Vroue Heath 1 a (7) (Vroue parish sb. 88,j0rgensen 
1977a). A round-barrow with a passage grave. A 
trench was opened east of the chamber. Fill, 125 em 
deep, consisted of grey-black sand, black sand (top­
most), and brown-yellow sand with grey-brown spots. 
A soil was developed in sand beneath the fill (Ah 
and Bv horizons) and above subsoil of yellow sand 
(C horizon). 

Hagebrogdrd(8) (Hagebro parish sb. 42,J0rgensen 
1977a). A round-barrow with a passage grave. A 
trench was opened 2 m south of the passage. Fill, 
beneath disturbed soil and 40 em deep, consisted of 
brown-yellow and yellow-brown sand with pebbles 
and contained brown-yellow spots. A soil was de­
veloped in sand with a few pebbles beneath the fill 
{Ah and Bv horizons) and above subsoil of grey-yel­
low sand. The upper surface of the soil was some­
what disturbed by burrowing animals. The upper­
most part of the Bv horizon contained a layer of peb­
bles, at 7-11 em below the surface of the soil. This 
layer probably indicates a lower boundary for former 
intensive earthworm activity {cp. Fobian 1995). 

Single Grave Culture barrows with undergraves (MN BI 
2600-2800 BC) 

Sjorup Plantation 2 (9) {Vroue parish sb. 125, j0r­
gensen 1981). A round-barrow with an undergrave. 
A trench was opened in the western part of the bar­
row. Fill, 86 em deep, consisted of black-grey and 
yellow finesand with a few pebbles. A soil was de­
veloped in finesand with a few pebbles beneath the 
fill {Ah horizon) and above subsoil of yellow fine­
sand with pebbles (C horizon). 

Koldkur 10 (10) (Resen parish sb. 60, j0rgensen 
1977a). An over-plowed round-barrow with an un­
dergrave. A trench was opened in the remnants of 
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the barrow. The remnants of the fill contained a dif­
fused layer of grey-brown sand. A soil was devel­
oped in sand beneath the fill {Ah horizon) and above 
subsoil of brown-yellow and red-yellow sand (C ho­
rizon). 

Molgdrd 7 (11) (Resen parish sb. 25, j0rgensen 
1977a). A round-barrow with an undergrave covered 
by an undated barrow. A trench was opened in the 
barrow. Fill of the younger barrow was 160 em deep. 
The fill of the primary barrow, 33 em deep, consist­
ed of brown-grey and yellow-brown sand and con­
tained an upper surface layer of grey-black sand, 5 
em deep. A soil was developed in sand beneath the 
fill (Ah and Bv horizons) and above subsoil of grey 
sand ( C horizon) . 

Molgdrd 1 (12) (Resen parish sb. 22, j0rgensen 
1977a). An overplowed round barrow with an un­
dergrave. A trench was opened near the centre of 
the mound. Fill, beneath a plowed layer and 17 em 
deep, consisted of red-yellow sand with dark-brown 
turf layers. A soil was developed in clayey sand with 
pebbles beneath the fill (Ah and Bv horizons) and 
above subsoil of yellow gravelly sand (C horizon). 

Molgdrd 13 (13) (Resen parish sb. 14, j0rgensen 
1977a). A round-barrow with an undergrave covered 
by an undated barrow. A trench was opened in the 
barrow. Fill of the younger barrow was 148 em deep. 
The fill of the primary barrow, 94 em deep, consist­
ed of brown sand with spots of black-grey sand and 
contained an upper surface of grey-black sand, 4 em 
deep. A soil was developed in sand beneath the fill 
(Ah and Bv horizons) and above subsoil of yellow 
sand ( C horizon). 

Single Grave Culture barrows with ground graves 
(MN BII 2350-2600 BC) 

Vroue Heath 7 (14) (Vroue parish sb. 29, j0rgensen 
1985). A round-barrow with a ground grave. A trench 
was opened in the eastern part of the barrow. Fill, 
273 em deep, consisted of black-grey sand (upper­
most) and red-yellow slightly clayey sand with a few 
pebbles. The fill contained many irregular, inverted 
turves of grey-black sand beneath red-brown sand. 
A soil was developed in sand with a few pebbles be­
neath the fill (Ah and Bv horizons) and above sub­
soil of yellow sand (C horizon). 
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Koldkur 1 (15) (Resen parish sb. 44, j0rgensen 
1977a). A round-barrow with a ground grave. A 
trench was opened in the eastern part of the barrow. 
Fill, beneath disturbed soil and 75 em deep, consist­
ed of yellow, slightly clayey sand with diffused 
brown-yellow spots. A soil was developed in slight­
ly clayey sand beneath the fill (Ah and Bv horizons) 
and above subsoil of yellow, slightly clayey sand (C 
horizon). 

Koldkur 7 (16) (Resen parish sb. 55, j0rgensen 
1977 a). An overplowed round-barrow with a ground 
grave. A trench was opened in the central part of 
the barrow. Fill, beneath a plowed layer and 25 em 
deep, consisted of brown-yellow slightly clayey sand 
with irregular, inverted turves of black-brown sand 
beneath yellow-brown sand. A soil was developed 
in slightly clayey sand beneath the fill (Ah and Bv 
horizons) and above subsoil of grey-yellow sand (C 
horizon). 

Summary of the barrow profiles 

Three barrows were built on a substrate of sandy till 
in the Sj0rup Plantation (Sj0rup 1a, Sj0rup 1b, and 
Sj0rup 2). The other barrows occurred on meltwa­
ter sand. The substrate consisted of medium-grained 
or fine-grained sand. Four barrows (M0lg:hd 1, 
Vroue Heath 7, Koldkur 1 and Koldkur 7) were built 
on sand with a slight clay content. 

The fill material consisted of sand with brown or 
yellow colours. Diffused spots of a darker colour of­
ten occurred in the fill. The sand used for building 
the mounds thus derived from surface layers and 
from subsoil. Distinctive inverted turves occurred 
in a few barrows (M0lgard 1, Vroue 7 and Koldkur 
7). A soil with blackish and grey horizons had de­
veloped within the surface layer of some of the bar­
rows, subsequently covered by a younger barrow. 

The soils beneath the barrows were most often 
differentiated in upper humic horizons (Ah), illuvial 
horizons (Bv), and unchanged subsoils (C, see Table 
1). The humic horizons (Ah) were 1-16 em deep and 
were grey-brown-black in colour. The humic con­
tent may decrease slightly downwards within the ho­
rizon. A light-grey eluvial layer (Ae) occurred at 
Sj0rup 1a, and at Vroue 8. The B-horizons (Bv) were 
red-brown in colour due to iron or humus, that had 
precipitated below the A-layer. The B-horizons were 

4-44 em deep. A B-horizon was missing at 3 barrows 
(AC profile, Vroue 8, Sj0rup 2, and Koldkur 10). The 
subsoils (C horizons) were yellow. 

The majority of the soils can be characterized as 
oligotrophic brown earth (ABC profiles, Andersen 
1979). Podzols with strongly leached layers occurred 
only under the Sj0rup 2 and Vroue 8 barrows, both 
from the Early Neolithic. 

POLLEN ANALYSES FROM THE BARROW 
SECTIONS 

Pollen analysis 

Pollen diagrams were worked out for soil sections 
beneath the barrows, and samples from soils enclosed 
in fill material from the original barrows were ana­
lyzed. Fill material from secondary barrows were not 
analyzed, because these fills may enclose soils, that 
were contemporary with the older barrow. 

The soil samples were treated with KOH, HF (24 
hours) and acetolysis mixture. The residues were 
mounted in silicone oil. About 100-300 pollen grains 
and fern spores were counted per sample. Frequen­
cies for total tree pollen were calculated in percent­
age of all pollen grains and spores, excluding ligu­
late composites and fern spores of Dryopteris-type. 
Tree genera were calculated in percentage of tree 
pollen, and non-trees as percentages of the non-tree 
pollen. These percentages reflect the composition of 
tree vegetation and ground vegetation separately. 

Pollen deposition on the soil surface 

The pollen deposited on land surfaces covered by 
trees or in open areas mainly derives from plants 
growing at the spot and from sources within 20-30 
m distance (Raynor 1974; 1975; Bryant et al. 1989). 
These results are confirmed in pollen analyses of 
surface samples (Andersen 1970;Janssen 1986; Ber­
glund et al. 1986). Pollen from more distant sources 
(extra-local pollen, sensu Janssen 1986) may be 
present in low amounts. Pollen spectra from soils 
therefore record mainly local vegetation and small 
scale vegetational change in contrast to pollen spec­
tra from lakes or bogs. Variations in landscape and 



land use within small distances may also be detect­
ed. 

Pollen burial in soils 

Pollen and ferns spores deposited on a land surface 
become transported into the soil and mixed with soil 
mainly by soil fauna (Dimbleby & Evans 1974; Hav­
inga 1974; Andersen 1979; Keatinge 1983). Experi­
ments have shown that spores can be transported 
down to 5 em depth in a short span of time ( 4 years, 
Dimbleby 1985). 

Pollen grains incorporated in calcareous soils van­
ish within a few years due to biological breakdown 
(Havinga 1971; Dimbleby 1985) and are well pre­
served at pH 5 or less (Dimbleby 1957; Andersen 
1984a). Biological breakdown of pollen ceased in soils 
buried under mound structures due to lack of oxy­
gen (Dimbleby 1985). Pollen assemblages may be 
originally absent in these soils or may cover differ­
ent spans of time according to variations in pH at 
the time of soil formation. 

Pollen assemblages are moved to increasing depth 
during burial. The oldest pollen assemblages there­
fore tend to occur at the deepest levels (Andersen 
1979; Dimbleby 1985). The concentration of pollen 
(numbers of grains per volume of soil) decreases with 
depth (Aaby 1983). The maximum depth to which 
pollen grains are present depends on the longevity 
of the pollen grains and on the intensity and depth 
of the biological activity. At rapid deterioration, pol­
len is present only in the topmost soil, whereas long­
living pollen assemblages may occur down to 30 em 
depth, varying with local conditions (Andersen 1979; 
Aaby 1983). 

Pollen assemblages, that are incorporated in the 
soil, may become mixed by bioturbation. Walch et 
al. (1970) showed that artificially buried pollen hori­
zons became diffused very rapidly in a soil with high 
earthworm activity. Discrete pollen assemblages are 
better preserved in soils with low biological activity 
(Andersen 1979). Pollen diagrams from soils may 
therefore reflect changes in vegetation during a short 
or a longer interval. The pollen curves are, howev­
er, more or less strongly smoothed and are best dif­
ferentiated in the topmost soil (Andersen 1979; Aa­
by 1983; Keatinge 1983). 
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Short pollen sequences occurred in soils under­
neath Early and Middle Neolithic burial mounds 
from East and North Denmark (Andersen 1992). 
Longer and better differentiated pollen diagrams 
were worked out from a passage-grave mound in East 
Jutland (Andersen in print a) and from soils under 
Single Grave barrows in central Jutland (Odgaard 
and Rostholm 1989). 

The soils found underneath the barrows in the 
Vroue area were brown earth of the oligotrophic type. 
Pollen grains were mainly present in the Ah hori­
zons, and occasionally in the Bv horizons. The pol­
len assemblages were mixed vertically, and the pol­
len curves are smoothed. Features of vegetational 
changes could still be recognized. Pollen assemblag­
es in soil layers found in the fill layers of the barrows 
reflect vegetation at the time of mound construction 
(topsoil) or older vegetation stages in that area around 
the mound, where the material was fetched (Dim­
bleby 1985; Andersen 1992). 

Pollen deterioration 

Degradation of pollen grains and fern spores ultimate­
ly leads to their removal from the soil. Incipient deg­
radation can be recognized by the presence of pol­
len grains and spores with etched exines. The etch­
ings may be localized in scars, often called corro­
sion, or may affect the whole exine, often termed 
thinning (see Havinga 1971; Aaby 1983; Andersen 
1984b). Corroded pollen grains are scarce in miner­
al soils with pH 5 or less (Andersen 1984a), whereas 
thinned grains are frequent (Havinga 1971; Aaby 
1983). 

The numbers of etched grains differs in various 
pollen taxa, but pollen composition in samples with 
few and with many etched grains does not differ or 
differs only slightly (Aaby 1983; Andersen 1984b). 
Fern spores are more resistant to degradation than 
pollen grains (Havinga 1971) and may be overre­
presented (Andersen 1984b; 1992; Dimbleby 1985). 

Corroded pollen grains were scarce in most sam­
ples and more frequent (less than 50 %) in others 
from the present investigation. Thinned pollen grains 
were frequent. The frequencies for fern spores 
(adder's tongue, moonwort, polypody, bracken) and 
Sphagnum moss spores increase distinctively with 
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depth in the pollen diagrams from the Early Neo­
lithic barrows, and so do a few heavy-walled pollen 
types (sandwort, buttercup). These taxa were exclud­
ed from the pollen spectra in the Early Neolithic bar­
rows. 

Etching of pollen grains hampers identification. 
Nearly all etched pollen grains could be identified, 
however. The pollen grains were most often crum­
bled, as is usual in soil samples. Identification of these 
grains was often difficult, but not impossible, in most 
cases. 

Pollen representation in soil samples in relation to 
area coverage 

Vegetation structure is expressed in the denseness of 
trees, and in the area coverage of tree species and of 
non-tree vegetational components. Pollen percent­
ages, however, do not always reflect area coverage 
faithfully due to differences in pollen representation. 

Experience from surface pollen samples indicates 
decreasing tree pollen frequencies in percentage of 
total pollen at increased openness of the tree vegeta­
tion. The tree pollen is 80-90 % in deciduous wood­
land, 50-70 %in glades, around 50 %in farmland 
and around 20% in heath areas Qonassen 1950; Aa­
by 1994). The high figure for farmland (50 % tree 
pollen) reflects a very low output of non-tree pollen 
in modem Danish fields Qonassen 1950; Aaby 1994). 

The percentage representation for various tree 
species differs substantially from area percentages 
due to differences in pollen productivity. Percentage 
frequencies that reflect area percentages were ob­
tained by calibration with correction factors found 
for modem surface samples (Andersen 1970). The 
corrections used were 0,25 for oak, birch, hazel, al­
der and pine, and 2,0 for lime (Andersen 1970, 1980). 

The representation of non-tree components in pol­
len analyses is imperfectly known. Grasses, ribwort 
plantain and heather were the most important com­
ponents of the non-tree vegetation in the present in­
vestigation. Grasses and plantain seem to be equally 
well represented. (Berglund et al. 1986), and heather 
pollen obtains very high frequencies in heaths Qo­
nassen 1950). The grasses, plantain and heather are, 
therefore, likely to be equally represented in the non­
tree pollen spectra. The pollen productivity of the 
grasses is likely to be reduced in grazed or mowed 

vegetation (Berglund et al. 1986; Groenman-van Wa­
teringe 1986; 1993). 

Anthropogenic influence on the vegetation 

Lime, oak and hazel were common in the Danish 
woodlands on dry ground in Atlantic time (Iversen 
1960; Andersen 1984b). Birch was also common in 
Westjutland (Odgaard & Rostholm 1989). Light-de­
manding trees such as hazel, birch and alder are fa­
voured by human disturbance (early-successional 
trees, Berglund 1985) and constituted secondary 
woods or coppice woods in Neolithic time (Ander­
sen 1992). 

Cereals and other cultivated plants and weeds are 
characteristic of fields; grasses and meadow plants 
characterize pastures and mowed areas, and heather 
open areas on poor soil. Some weed species are re­
stricted to cultivated fields, other species are con­
nected with a range of land use practices (Behre 1981). 
Ribwort plantain occurs in fallow land, meadows and 
pastures (Behre 1981), and Gaillard etal. (1992; 1994) 
found this plantain to be connected with mowed and 
grazed areas with high pH, and fallow land, but not 
with fields. Grazing and mowing reduce the pollen 
production of grasses (Berglund et al. 1986; Groen­
man-van Waateringe 1986; 1993). Sheep are less se­
lective than cattle in grazing preferences and bite the 
vegetation to a lower level (Buttensch0n 1995). Plan­
tain is resistant to grazing because its growing point 
is near the ground and because of its ability to form 
flat leaf rosettes (Broesb0ljensen 1995). Unlike the 
grasses, ribwort plantain therefore is able to produce 
new flowering spikes at continued grazing. 

Andersen (1992) found low pollen percentages for 
ribwort plantain in cultivated soils from the Early 
and Middle Neolithic. High percentages for plantain 
pollen were found in samples, where cereal and weed 
pollen grains were scarce. Andersen (1992) conclud­
ed that the predominance of plantain pollen was due 
to intensive grazing. Hay-mowing on such a large 
scale is unlikely to have occurred in the Neolithic 
(Gaillard et al. 1994). The flint sickles from that time 
had rather been used for reaping cereals 0 ens en 
1994). Grassland with high frequencies for pollen of 
ribwort plantain is, accordingly, interpreted as pas­
ture. Heath areas probably provided valuable win­
ter grazing (Odgaard & Rostholm 1989). 



Natural heath was promoted by fire in Westjut­
land in Atlantic time (Odgaard 1992). Heath expand­
ed later due to artificial fires ( Odgaard & Rostholm 
1989; Odgaard 1994). Grassland is promoted in heath 
areas on favourable soils by frequent burning and at 
high grazing pressure (Miles 1985; Clarke et al. 1995; 
Aerts et al. 1995). 

Deformed pollen. Evidence of burning 

Andersen (1988; 1992) found abundant pollen with 
thickened exines in Early and Middle Neolithic soil 
samples. Experiments have shown that this type of 
deformation occurred in pollen grains, that were 
heated artificially, and in pollen grains present in 
topsoil after burning of felled trees (Andersen 1992). 
Tree pollen, in particular, was frequently deformed 
in the Neolithic soil samples. This was interpreted as 
an indication that local trees had been felled and 
burned, when lying on the ground (Andersen 1992). 
Pollen from herbaceous plants found in the same 
samples was rarely deformed. It was surmised that 
the herbaceous plants had invaded the burnt areas, 
and that the pollen grains from this vegetation had 
become mixed with deformed tree pollen at burial 
in the soil (Andersen 1988, 1992). 

Deformed tree pollen is frequent in soil samples 
from the present investigation. Burning of mixed tree 
populations is indicated by presence of deformed 
pollen of the tree species present. Deformed birch 
pollen was more frequent than deformed pollen from 
other trees. This feature is interpreted as an indica­
tion that groups of birch trees were selected for fell­
ing and burning. 

Deformations were very scarce in the non-tree 
pollen taxa, including heather. Odgaard and Ros­
tholm (1989) concluded from their investigation of 
soils under Single Grave barrows that heath had been 
promoted and maintained by burning, due to an in­
crease in microscopic charred particles that paral­
leled that of heather pollen. Such heath fires were 
probably too superficial to affect the topmost soil and 
the heather pollen buried there. 
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POLLEN DIAGRAMS FROM BARROWS 

The pollen diagrams 

Survey pollen diagrams from the soils beneath the 
barrows are shown in Figs. 4-7. These diagrams show: 
(1) soil horizons; (2) depth below the soil surface; (3) 
tree pollen in percentages of pollen and spores; (4) 
areal frequencies for tree genera, corrected for une­
qual pollen representation, in percentages of the sum 
of corrected tree pollen; (5) frequencies for deformed 
birch pollen in percentage of birch pollen; (6) fre­
quencies for pollen of grasses, ribwort plantain and 
heather. 

Oak, elm, ash and aspen were very scarce, and 
are not shown on the pollen diagrams. Guelder rose 
occurred at a few sites with noticeable frequencies 
(Fig. 5). Other non-tree pollen types and spores were 
scarce and are not shown. 

Fern spores and a few pollen types were exclud­
ed in the pollen spectra from the Early Neolithic bar­
rows (see "Pollen deterioration"). The frequencies 
ofthese plants are shown ("Spores", Fig. 4). Heather 
was scarce, at these barrows, and a curve is not 
shown. 

Deformed pollen grains from trees other than 
birch were frequent at the Early Neolithic barrows 
(Fig. 4), and were scarce at the other barrows (these 
frequencies are not shown). 

The pollen frequency curves in the diagrams are 
more or less strongly smoothed, due to vertical mix­
ing during the burial of the grains. 

Late Early Neolithic barrows (EN II, Fig. 4) 

Sjarup Plantation 1 a {1). The frequency of corrosion­
resistant pollen and spores is low (1-8%). The tree 
pollen curve is very high throughout the soil section 
(81-93%), with a minimum at 10 em depth (62%), 
which indicates a short-lasting clearance. Birch was 
dominant at first (62%). Lime and hazel increased 
somewhat just after the clearance phase and were 
then replaced by birch. High frequencies for de-
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Fig. 4 Pollen diagrams from soils underneath the four late Early Neolithic barrows (EN II). The figures in brackets 
refer to the map in Fig. 3. 

formed pollen indicate that the trees were felled and 
burned repeatedly. Average frequencies of non-tree 
plants were calculated for the upper part of the sec­
tion, due to low pollen numbers. Ribwort plantain 
pollen is present already in the lowermost sample. A 
high frequency at 10 em depth (46%) indicates graz­
ing by husbandry during the clearance phase. Two 
samples from the fill material had high tree pollen 
frequencies with dominant birch. These samples cor­
respond to the topmost soil. 

Vroue heath 1 b ( 4 ). Tree pollen is frequent at first 
(71-81%). A decrease at 5 em depth (to 44-50%) and 
an increase at 3 em (71 %) indicate clearance followed 
by tree regeneration. The trees then decrease in the 
topmost sample (to 21 %) indicating devastation of 
woodland. Lime was frequent at first (34-47%) and 
was replaced by birch after the first clearance. De­
formed pollen is very high and indicates frequent 
burning of felled trees. Plantain pollen is present al-

ready in the lowermost sample. Plantain increases 
strongly during the first clearance (from 10 to 63%) 
and increases again during the second clearance 
(from 54 to 78%). Hence, strong grazing of the vege­
tation in the areas cleared for trees is indicated. Two 
samples from the fill material had low tree pollen 
(37-56%) and high plantain frequencies (37-56%). 
They correspond to the topmost soil. One sample 
from the fill corresponds to the lower part of the Ah 
horizon. 

Vroue Heath 4a (3). The tree pollen decreases from 
74 to 23%. Birch was dominant at first (60%) and 
deformed birch pollen is very frequent. Hence, birch 
trees were felled and burned and were then replaced 
by herbaceous vegetation. Plantain increases strong­
ly (from 14 to 60%) indicating grazing of the cleared 
area. This development is very similar to that seen 
in the topmost part of the section from Vroue Heath 
1 b. A sample from the fill corresponds to the lower 
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Fig. 5 Pollen diagrams from soils underneath four early Middle Neolithic barrows (MN AI). 

part of the Ah horizon, due to high fern spore fre­
quencies. 

Vroue Heath 8 (2). Pollen from the soil horizon 
was badly preserved, and fern spores were very fre­
quent. The two topmost samples indicate decreas­
ing tree pollen (from 71 to 44%), high birch percent­
age and a high frequency for deformed birch pol­
len. Birch trees were felled and burned and were 
replaced by grazed herbaceous vegetation with much 
plantain (63%), as seen also in the soil sections from 
Vroue Heath 1 b and 4a. Spores were very common 
in samples from the fill. These samples correspond 
to the middle part of the soil horizon. 

Early Middle Neolithic harrows (MN AI, Fig. 5) 

Hagehrogdrd {8). Tree pollen was 34% at first and then 
increases to around 60% in the soil horizon. Hence, 
there was a discontinuous tree cover and open areas 
of non-tree vegetation. Lime dominated in the tree 
vegetation at first (85%) and lime woodland undis­
turbed by humans is indicated. Lime then decreased 
to 32% at the top of the soil and was replaced by 

birch and alder. Deformed birch pollen was scarce 
at first and then increased (to 35%). It appears that 
the lime trees had been felled in favour of birch and 
alder. The birch trees were then felled and burned. 
Heather dominated non-tree vegetation in glades at 
first (90%) and then decreased (to 66% at the top). 
Grasses were scarce at first and plantain was absent. 
The grasses and plantain increased slightly (to 18 and 
9% respectively). Grass vegetation was promoted by 
the felling and burning of birch, and was used for 
grazing. Guelder rose occurred in the lime wood­
land. Three samples from the lower part of the fill 
had low tree pollen and low percentages for plan­
tain (1-3%), and two samples from the upper fill had 
higher plantain frequencies ( 11-13%). These samples 
were derived from the uppermost soil at places 
around the barrow with increased pasture activity, 
at increased distance from the barrow site. 

Vroue Heath 1 a {7). The tree pollen frequencies 
are rather high (69-78%) indicating fairly dense tree 
cover. Lime was originally dominant (around 60%), 
and birch increased near the topmost level. De­
formed birch pollen indicates that the birch trees had 
been felled and burned. Heather was common at 
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Fig. 6 Pollen diagrams from soils underneath five Single Grave barrows with undergraves (MN BI). 

first (51%). The grasses increase (from 22 to 50%). 
Plantain was scarce (2%) and increases in the top­
most samples (to 19%), whereas heather decreases 
(to 13%). The woodland was at first slightly affected 
by human activity and there were patches of heath. 
Birch was favoured and burning of the birch trees 
promoted expansion of grass vegetation at the cost 
of heather. The increase in plantain indicates graz­
ing by husbandry. Guelder rose formed a shrub lay­
er within the lime woodland (12-28%). Three sam­
ples from the fill material have low tree pollen (25-

30%) and high frequencies for hazel and alder (34 
and 29 %). The grasses and plantain were frequent 
(41-52 and 22-46%), and heather is scarce (1-19%). 
These samples derive from places around the bar­
row with low cover of mixed tree populations and 
widespread pasture vegetation, whereas the barrow 
was built within a wooded area with some pasture­
land and heath. 

Vroue Heath 4b (6). Pollen was absent, except for 
the topmost soil sample. Tree pollen is scarce (25%). 
Grasses and plantain are rather high (51 and 21 %) 



119 

TREES I I LIME I HAZEL I ALDER I BIRCH I I ~~~H I ~RASSES I PLANTAIN I HEATHER 

10 LJ U ~ I 0 I DD [7 

10 
Bv 

0 
KOLDKUR 7 (16) 

0 Bv 
5 

em 50 

Yo of pollen 
and spores I

''' '5o'' I' '3o' I' '3o' I' '3o' 'I 
%of trees Yo of 

pollen 
% of non-tree pollen and spores 

Fig. 7 Pollen diagrams from soils underneath three Single Grave Culture barrows with ground graves (MN B II). 

and heather was present ( 15%). Tree populations 
were very scarce. Grassy vegetation with pasture was 
widespread and heath was rather scarce. This non­
tree vegetation is very similar to that represented at 
the topmost level at the Vroue Heath 1a site. 

Sjorup Plantation 1b (5). Tree pollen is scarce (17-
25%). Lime, hazel, alder and birch are represented. 
Deformed birch pollen is scarce. Grasses and plan­
tain dominate the non-tree vegetation (60 and 19-
23%), and heather is very scarce. Plantain increases 
somewhat at the top (to 41 %). Trees were nearly ab­
sent. Grass vegetation with pasture was widespread, 
and there was no heath. 

Single Grave Culture barrows with undergraves 
(MN BI) (Fig. 6) 

Molgdrd 13 (13). The tree pollen frequencies vary 35-
59%, decreasing somewhat in the upper part of the 
soil. Hence there were scattered tree populations 
around the site. Lime, hazel, alder and birch were 
present. Deformed birch pollen increases near the 

top indicating burning. Heather dominated the non­
tree vegetation (72-89%). The grasses and plantain 
were scarce at first and increase in the upper part (to 
20 and 7%). Hence there are indications that heath 
was replaced by grassland with grazing in small are­
as. Pollen spectra from the fill and the surface layer 
of the primary barrow resemble those from the low­
er and middle part of the soil under the barrow. 

Molgdrd 7 (11). The tree pollen is similar to that 
from Me~lgard 13. Deformed birch pollen occurred 
at the lower part of the section. The grasses and plan­
tain are somewhat more frequent (around 30 and 
10%) and heather scarcer (40-60%) than at Me~lgiird 
13. It appears that patches of grassland were used for 
grazing for some time up to the building of the bar­
row. Pollen spectra from the fill and the surface layer 
of the primary barrow resemble those from the low­
er part of the soil. 

Koldkur 10 (10). Pollen spectra from the soil and 
the fill are similar to the topmost sample from 
Me~lgiird 7. Plantain is somewhat more frequent (20 
and 15%). 
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Molgdrd 1 (12). Tree pollen decreases from around 
60% to around 40%. Clearance of woodland is indi­
cated. Lime is frequent at first (30-40%) and is re­
placed by birch and alder near the top of the sec­
tion. Felling oflime is indicated. Birch increases from 
28% to around 50%. It appears that birch trees were 
favoured and were burned repeatedly (deformed 
pollen 20-30%). Grass pollen is frequent (30-40%). 
Plantain increases from 8% to around 55% and then 
decreases to 26% near the top replacing heather, 
which decreases from 55 to 7% and then increases 
to 41%. Grassland with increasing grazing pressure 
replaced heath some time before the building of the 
mound. Grazing was then abandoned just before the 
building of the barrow, and heathland returned. This 
event is marked in the soil section by a thin dark­
brown layer. Pollen spectra from thin dark-brown 
turf layers in the fill material resemble that from the 
topmost soil layer beneath the barrow. 

Sjorup Plantation 2 (9 ). Tree pollen is scarce at first 
(37%) and then decreases to very low values (around 
10%). It appears that remnants of tree vegetation were 
cleared away. Birch dominated the tree populations 
at first (85%). Tree pollen was too scarce for percent­
age calculations above that level. Deformed birch 
pollen is very frequent (55-65%). Hence, it is indi­
cated that birch coppices were felled and burned, 
and then replaced by non-tree vegetation. Grasses 
and plantain were frequent (30-60 and 30-50%). 
Hence, grassland was grazed intensively up to the 
time when the mound was erected. Heath was still 
absent in this area. The pollen spectra from samples 
from the fill were similar to the uppermost sample 
from the soil. 

Single Grave Culture barrows with ground graves 
(MN B/1) (Fig. 7) 

Koldkur 7 (16). The tree pollen frequencies (23-30%) 
indicate scattered tree populations. Lime, hazel, al­
der and birch are represented, and there are indica­
tions that birch was felled and burned. Grass pollen 
is around 23-30%, plantain decreases from 31% at 
first to 4%, and heather increases from 32% to 70%. 

Grassland, that was grazed, and patches of heath were 
present at first. The grazing activity decreased and 
heath became dominant at the time of construction 
of the mound. Pollen spectra from inverted turves 
enclosed in the fill material resemble that from the 
topmost soil layer. There were, however, higher per­
centages for plantain (16-17%) and lower heather (41-
49%). Hence, continued grazing at sites around the 
barrow is indicated. 

Vroue Heath 7 (74). The tree pollen frequencies de­
crease from 45% at the lowermost level to 28% at the 
top of the soil. Scattered tree populations had been 
reduced. Lime, hazel and alder are represented, and 
birch was scarce. The birch trees were burned at var­
ious times. Grasses (around 40%), plantain (around 
20%) and heather (around 40%) were originally 
present. Plantain decreases (to 5%) and heather in­
creases (to 66%) near the top. It is indicated that graz­
ing of grassland was abandoned and that heath ex­
panded some time before the mound construction, a 
development, which resembles that observed at the 
Koldkur 7 site. The tree pollen frequencies found in 
pollen spectra from inverted turves from the fill are 
similar to the topmost level of the soil. The percent­
ages of plantain pollen are low (6-7%) in the lower­
most turves and higher ( 15-44%) in turves from the 
upper part of the fill. The heather percentages de­
crease, in contrast, from around 60% to 15-51%. It 
appears that the lowermost turves were collected near 
the grave site, whereas the turves in the higher part 
of the fill were fetched at increased distances from 
the site in areas where grazing was still pursued. 

Koldkur 1 (15). The tree pollen percentages at 33-
39% indicate scattered tree populations. Lime, ha­
zel, alder and birch are represented, and birch was 
more frequent than at the other sites (16-40%). Grass 
and plantain pollen are frequent, and decrease slight­
ly in the top of the soil (from 50 to 42% and from 37 
to 26%) contrasting an increase in heather (6-30%). 
It is indicated that heath was scarce in strongly grazed 
grassland at first and then expanded just prior to the 
mound construction. One pollen spectrum from the 
lower part of the fill material resembled that from 
the topmost soil. Another sample corresponded to 
the lower part of the soil (Bv horizon). 



CHANGES IN VEGETATION AND LAND-USE 
INDICATED IN THE SOILS BENEATH THE 
BARROWS 

Early Neolithic II 

Birch was common in the woodlands at the Early 
Neolithic barrows. The pollen diagram from Vroue 
Heath 1 breaches furthest back in time. Lime was orig­
inally frequent, mixed with birch, and probably in­
dicates remnants of original woodland. This wood­
land was cleared and burned and was then replaced 
by pasture vegetation. Birch coppice wood devel­
oped after the pasture phase and was again replaced 
by pasture after new felling and burning. Hence, there 
is evidence that the tree vegetation was utilized in 
swidden rotation, where burnt areas were used for 
pasture for some time, and the pasture was then re­
newed after burning of new tree vegetation. Birch 
propagates easily in abandoned pastures by self-sow­
ing. A similar rotation system was demonstrated in a 
soil under a Middle Neolithic passage grave in east­
ern jutland (Andersen in print a). Shorter sequences 
were preserved at Vroue Heath 4a and 8. Here, birch 
coppice was felled and burned and then replaced by 
pasture vegetation. These phases correspond to the 
latest development at Vroue Heath 1 b. 

Birch woodland was dominant at the Sjorup Plan­
tation 1a site. There is evidence of a pasture phase 
with grasses and plantain followed by regeneration 
of first lime and hazel, which were then replaced by 
birch. The woodland was burned intermittently, but 
new pastures were not established. 

The pollen flora was poor in species. Pollen from 
cereals was not found and weeds from bare soil were 
very scarce. The ferns adder's tongue and moonwort 
probably belonged to the pasture vegetation, and 
polypody and other fern spores (Dryopteris-type) were 
relics from woodland vegetation. Pollen of ligulate 
composites was frequent. These pollen grains were 
presumably buried in the soil by burrowing bees 
(Andersen 1988). Pollen of heather was scarce, be­
low 10 %. Hence, there is no evidence of heath at 
this time. 

Vegetation around the Early Neolithic barrows on 
Vroue Heath was exploited by burning and grazing 
at the time of the establishment of the graves. Even 
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the earliest woodland present at Vroue Heath 1 b 
bears evidence of human disturbance. Woodland on 
sandy till at Sjorup Plantation 1a had been strongly 
altered by human disturbance and a short pasture 
phase. Three barrows were built in a late phase of 
the Early Neolithic (EN II). The dating of the Vroue 
Heath 8 barrow is somewhat uncertain. The pollen 
diagram from this site indicates that it was contem­
poraneous with the other barrows. The evidence from 
the soils beneath the barrows points to dense human 
settlement and exploitation already in the Early Ne­
olithic. 

Middle Neolithic AI 

The pollen diagrams from the Hagebrogdrd and Vroue 
Heath 1 a sites indicate at first lime-dominated wood­
land and patches of heath. The tree populations were 
altered by felling of lime and spreading ofbirch. The 
birch trees were felled and burned, and vegetation 
of grasses with traces of grazing expanded at the cost 
of heather. The felling of lime and burning of birch 
trees thus appear to have been done with the pur­
pose to create areas for pasture. A similar course of 
events probably took place at the Vroue Heath 4b site. 
Trees were scarce and plantain was frequent. 

The passage graves on Vroue Heath were built 
near Early Neolithic barrows (Vroue 4a and 8, Fig. 
3). Nevertheless, these passage graves were built at 
sites with traces of heath. It appears that the sites 
with heath vegetation were avoided at the Early Ne­
olithic occupation, and that these sites were then 
exploited in the Middle Neolithic, just before the 
passage graves were constructed. 

The Middle Neolithic barrow in the Sjorup Plan­
tation ( 1 b) was built very near the Early Neolithic bar­
row ( 1 a). The trees had been removed. The area was 
used for pasture, and there was no heath. 

Areas on the heath plain with lime forest and heath 
patches were thus occupied and exploited for graz­
ing during the early Middle Neolithic, whereas for­
merly occupied areas on the Sjorup Moraine were 
continuously used for pasture. 

Guelder rose was frequent in the lime woodland 
at Hagebrogard and Vroue Heath 1a (Fig. 5). Other 
non-tree pollen types are scarcely represented. 
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Site %pollen %of trees % of non-tree pollen 
Trees Lime Hazel Alder Birch Grasses Plantain Heather 

Hagebrogard 34 85 4 4 7 3 + 90 
Vroue Heath 1 a 70 59 12 5 23 22 2 51 
M0lgard 13 44 39 17 13 31 9 - 89 
Vojens 67 43 24 19 6 13 1 78 
Harreskov 60 29 17 14 36 25 2 63 
Skarrild 77 10 - 42 36 61 - -

Table 2 Pollen spectra with original vegetation in soils underneath Middle Neolithic A and Middle Neolithic B 
barrows in Westjutland. · 

Middle Neolithic Bl 

Scattered tree vegetation occurred at the barrows on 
the southern part ofResen Heath (Molgdrd 13, Molgdrd 
7, Koldkur 10, Molgdrd 1). Trees were cleared away 
some time before the erection of the barrows at M01-
gard 13 and M0lgard 1. The tree populations were 
originally rich in lime. Birch was favoured at the cost 
of lime. Heath was widespread at these sites. There 
are indications that birch trees were burned and that 
patches of grassland were used for grazing. This pro­
cedure is very similar to that used by the early Mid­
dle Neolithic people in areas with heath vegetation. 
The promotion of grazing areas was most successful 
at the M0lgard 1 site with slightly clayey soil, and 
least successful at M0lgard 13, where only small 
patches of grassland appeared. Increased heather per­
centages near the top of the soils under the barrows 
at M0lgard 1 and 13 indicate that pasture was re­
duced or abandoned a short time before the con­
struction of the graves. 

The four barrows on Resen Heath derive from 
the younger Undergrave Period. The conversion of 
heath to pastureland can, therefore be linked with 
occupation of areas that were unoccupied at the on­
set of the Single Grave Period. 

The barrow on the Sj0rup Moraine (Sjorup Plan­
tation 2) dates from the older Undergrave Period, 
and, therefore, from the first phase of the Single 
Grave Culture. Trees were nearly absent at the Sj0rup 
Plantation 1 b barrow and this area was grazed in­
tensively in the early Middle Neolithic Period. Clear­
ance and burning of birch trees at the Sj0rup 2 site 
may belong to the Funnel Beaker Culture, and it is 
indicated that the barrow was built in an area that 
was strongly exploited for pasture. 

Non-tree plants other than grasses, plantain and 
heather are few in number and scarce. Pollen of bar­
ley-type and a few bare-soil plants (sheep's sorrel, 
knotgrass, perennial knawel, and the chenopod fam­
ily) occurred at the M0lgard 2, Koldkur 10 and 
M0lgard 1 barrows, indicating weak traces of agri­
culture. A pollen grain of Fagopyrum tataricum L. was 
found at M0lgard 1. This plant probably was intro­
duced as a weed. 

Middle Neolithic BII 

Trees were scarce at the sites of the three barrows 
with ground graves on Resen Heath and Vroue Heath 
(Koldkur 1 and 7, Vroue Heath 7). Lime trees still oc­
curred, and birch was very scarce at Koldkur 7 and 
Vroue Heath 7 and more common at Koldkur 1. 
Grassland with heath patches at Koldkur 7 and Vroue 
7 had been used for pasture, and heath was scarce at 
Koldkur 1. The commonness of plantain reflects the 
slightly clayey soils at the three sites. Grazing was 
abandoned and heath expanded on the barrow sites 
some time before the barrows were built. 

A few finds of pollen of barley-type and bare-soil 
plants (sheep's sorrel, perennial knawel and cheno­
pods) are week traces of agriculture. One pollen grain 
of common buckwheat (Fagopyrum esculentum) was 
found at Koldkur 7. This plant was probably intro­
duced as a weed. Other herbaceous plants were 
scarce and occurred with low pollen frequencies. 

Natural vegetation in the Vroue area 

Pollen studies from lakes demonstrate that the heath 
areas of northern West Jutland were covered by open 



woodland up to the times of land clearance by hu­
mans (Odgaard 1994). One of the sites, Krags0, is 
situated on the southern part of the Karup heath plain 
(Fig. 1). The natural woodlands in this region con­
sisted of lime, birch, hazel, oak and alder. Grassland 
and heath vegetation were widespread. The grasses 
had the lowest (2,6 %) and heather the highest fre­
quencies (8,6 %) at Krags0 , the site with the poorest 
soil. Heather was promoted by fires, which Odgaard 
( 1992; 1994) considered most likely to have been nat­
ural. A pollen diagram from a soil beneath a barrow 
from the Ground Grave Period (Harreskov) indicat­
ed initially natural woodland of mainly lime, birch 
and hazel on freely-drained meltwater sand ( Odgaard 
& Rostholm 1987). Grasses and heather were wide­
spread at this site. Another pollen diagram from a 
site on moist eolian sand (Skarrild) indicated domi­
nant alder and birch with frequent grasses and no 
heather (Odgaard & Rostholm 1987; Odgaard 1990). 

Natural vegetation is scarcely represented in the 
pollen diagrams from the Early Neolithic barrows 
on the Sjorup Moraine and on Vroue Heath. There 
are traces of human disturbance already in the earli­
est pollen spectra. These areas probably supported 
woodlands of lime, birch, hazel and alder. A few 
pollen diagrams from sites occupied in early Middle 
Neolithic time and by the Single Grave Culture indi­
cate undisturbed vegetation at the lowermost levels. 
Pollen spectra from these sites are compared with 
pollen spectra from the Harreskov and Skarrild sites 
mentioned above (from Odgaard & Rostholm 1987; 
Odgaard 1990) and a pollen spectrum from a bot­
tom grave near Vojens (fromjorgensen 1965) in Ta­
ble 2. 

The pollen spectra in Table 2 indicate more or 
less open tree communities with frequent heather and 
some grasses in the non-tree vegetation. Ribwort 
plantain was scarce or absent. They support the con­
clusion of Odgaard and Rostholm (1987) that lime, 
birch, hazel, alder, heather and grasses characterized 
undisturbed vegetation on dry ground, in contrast to 
moist-ground vegetation (Skarrild), that was charac­
terized by alder, birch and grasses. Other trees such 
as oak, elm, ash and pine were scarce. In view of the 
conclusions of Odgaard (1992; 1994) about the fire­
dependence of heather, the occurrence of heath veg­
etation on dry ground was probably due to former 
natural fires. 
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Anthropogenic vegetational changes 

The woodlands found in the Early Neolithic Period 
on the Sjorup Moraine and on Vroue Heath were 
changed into secondary coppice woods rich in birch. 
These coppice woods were exploited for pasture in 
a swidden rotation system. 

Sites with woodland and heath at Hagebrogard 
and on Vroue Heath were exploited in the early Mid­
dle Neolithic by felling oflime trees in favour of birch. 
The secondary birch populations were then felled 
and burned to be replaced by pasture vegetation. 
On the Sj0rup Moraine, trees were scarce. The area 
was used for pasture and the swidden rotation sys­
tem had been abandoned. 

Sites with woodland and heath on Resen heath 
were occupied in the Undergrave Period of the Sin­
gle Grave Culture. Birch populations were favoured 
and were replaced by pasture after felling and burn­
ing. It is indicated that grazing was abandoned just 
before the building of some of the barrows. Grazing 
had been continuous for some time before the bar­
row on the Sj0rup Moraine was built. This barrow 
represents the earliest Single Grave Culture and was 
built in an area, that had been occupied in early Mid­
dle Neolithic time. 

The barrows from the Ground Grave Period on 
Resen Heath and Vroue Heath were built on sites 
where trees were scarce. Heath occurred at one of 
the barrows on Resen Heath and on Vroue Heath. 
The sites had been used for pasture for some time, 
but the grazing was abandoned and heath expanded 
before the construction of the barrows. 

LANDSCAPE AND LAND-USE AT THE TIME 
OF THE EARLY AND MIDDLE NEOLITHIC 
AND SINGLE GRAVE BARROWS 

The pollen diagrams from the soils beneath the bar­
rows in the Vroue area indicate modifications of the 
vegetation at the barrow sites prior to the building 
of the barrows. Vegetation at the barrow sites and in 
the area around the barrows at the time of construc­
tion of the barrows is reflected in the topmost soil 
pollen spectra and in pollen spectra from soil hori­
zons enclosed in the fill material. Vegetational diver­
sity indicated by these pollen spectra are illustrated 
in triangular diagrams on Figs. 8-9. 
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Fig. 8 Landscape diversity illustrated by pollen spectra from the topmost soil at the barrow sites (encircled) and from 
topsoil enclosed in the fill material, at barrows from the Early Neolithic (EN II), the early Middle Neolithic (MN AI), 
and from Single Grave barrows with undergraves (MN BI) and with ground graves (MN BII). The dots indicate 
pollen frequencies for lime trees (100% at the lower left-hand corner), for coppice trees (hazel, birch and alder, 100% 
at the right-hand corner), and for open ground (non-tree pollen, 100% at the uppermost corner). 

Landscape variation 

Lime was originally frequent within the woodland 
vegetation. High frequencies for birch, hazel and al­
der reflect secondary woodlands or coppice woods, 
and the frequencies for non-tree pollen reflect the 

extension of open areas. Landscape variation is there­
fore illustrated in triangular diagrams, where pollen 
spectra with high percentages for lime are indicated 
at the lower left-hand comer, high frequencies for 
coppice trees at the lower right hand comer, and high 
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Fig. 9 Land-use illustrated by non-tree pollen spectra from the soil samples (see Fig. 8). The dots indicate pollen 
frequencies for heather (100% at the lower left-hand corner), for ribwort plantain (100% at the upper corner), and for 
other herbs (100% at the lower right-hand corner). 

frequencies for non-tree plants at the upper corner. 
(Fig. 8). 

The pollen spectra from the Early Neolithic bar­
rows in the Vroue area are distributed along the right­
hand side of the triangle. Coppice woods on the 
Sj0rup Moraine are represented at the lower right­
hand corner, and predominance of open areas on 
Vroue Heath is indicated by the dots in the upper-

most corner. The tree vegetation had been strongly 
modified, and landscape exploitation varied widely. 

Sites with relic lime-dominated woodlands at 
Vroue Heath la and at Hagebrogard are indicated 
by dots in the central part of the triangle for the early 
Middle Neolithic. There were areas poor in trees 
around these barrows. Trees were very scarce at the 
Vroue Heath 4b and Sj0rup 1 b sites. Landscape di-
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Vroue Heath 1 a Hagebrogard Koldkur 7 Vroue 7 
Depth em Plantain% Depth em Plantain% Depth em Plantain% Depth em Plantain% t-----

Fill 84 12,8 68 15,2 
94 10,9 110 23,2 

81 22,0 100 2,1 136 44,4 
99 46,0 104 3,4 35 17,0 162 7,3 
109 35,5 106 0,9 44 15,9 237 6,2 

Soil 125 18,7 108 9,2 50 4,2 273 4,8 

Table 3 Percentages frequencies for ribwort plantain in topsoil samples enclosed in fill material and in the topmost 
samples from the soils underneath the barrows. Increased plantain frequencies in the fill are indicated. 

versity was, therefore high at and around the bar­
rows from the early Middle Neolithic. 

Tree vegetation was scarce at the time when the 
barrows with undergraves were built. Scattered pop­
ulations of coppice trees occurred on Resen Heath. 
Lime was frequent at KoldkurlO. Trees were very 
scarce on the Sj0rup Moraine. 

The diversity of the landscape was still more re­
duced at the time of the ground grave barrows. Veg­
etation poor in trees predominated on Resen Heath 
and Vroue Heath in response to increased exploita­
tion. Trees were scarcer around the Vroue 7 barrow 
than at the barrow-site. 

Land-use 

The pollen diagrams from the soil sections indicate 
three main components in the non-tree vegetation, 
heather, ribwort plantain, and other herbs, mainly 
grasses. Heather was dominant in heath areas. Grass 
vegetation was promoted by felling and burning of 
trees, and plantain increased at the cost of the grass­
es at grazing. Variations in the composition of the 
non-tree vegetation at the time of mound building 
are illustrated in the triangular diagrams in Fig. 9. 
Pollen spectra with high frequencies for heather oc­
cur in the lower left-hand comer, high frequencies 
for plantain in the upper comer, and high frequen­
cies for other herbs in the lower right-hand corner. 

Heath was scarce in the pollen spectra from the 
late Early Neolithic (EN II). Plantain is low in a sam­
ple from birch woodland on the Sj0rup Moraine, and 
is very high (60-75 %) in samples from barrows on 
Vroue Heath. The birch woodland on the Sj0rup 

Moraine was unexploited, and grassland vegetation 
on Vroue Heath was grazed intensively. 

Heather was dominant at and around the Hage­
brogard barrow from the early Middle Neolithic (MN 
AI). Sites with heath and small areas with pasture 
occurred around the barrow. Heather was scarcer or 
absent at the barrows on Vroue Heath and on the 
Sj0rup Moraine, and grazing was prominent. At 
Vroue la, grazing was more intensive around the 
barrow than at the mound. It is indicated that pas­
ture was promoted with varying success probably 
dependant on differences in soil quality. 

Heath occurred at one of the barrows with un­
dergraves (MN BI) (M0lgard 13). Heath and patch­
es of grazed grassland occurred at the other barrows 
on Resen Heath, and pasture dominated at the bar­
row on the Sj0rup Moraine. 

Two barrows with groundgraves (MN B II) were 
built in heath (Koldkur 7 and Vroue 7). Heath and 
patches of grazed grassland occurred in the vicinity 
of these barrows and at the Koldkur 1 barrow. 

The land-use pattern in the Early Neolithic dif­
fered substantially from those of the early Middle 
Neolithic and the Single Grave Period. Sites with 
heath were avoided in the EN II. The land-use pat­
terns from the MN AI, the MN BI and the MN BII 
are very similar. Areas with heath were used more 
or less intensively for grazing, and the best pasture 
was obtained at sites on the Sj0rup Moraine. Hence, 
there were small-scale variations in the grazing ac­
tivity. 

Interestingly, there are indications that the bar­
rows often were built at sites with less intensive land­
use than around them. Trees were more common at 
the passage graves Hagebrogard and Vroue Heath 



1a than in the area where the fill material was fetched. 
The plantain frequencies are higher around the bar­
row at Vroue Heath 1a, than at the barrow site, and 
these frequencies increase upwards in the fill at Hage­
brogard, indicating that the uppermost fill was fetched 
in areas with pasture at increased distances (Table 
3). Pasture had been abandoned or was reduced at 
barrows from the Single Grave Culture (Melgard 1, 
Melgard 13, Koldkur 7, Vroue Heath 7, Koldkur 1), 
and there are indications of continued grazing at in­
creasing distance from the barrow sites at Koldkur 7 
and Vroue 7 (Table 3). Hence, sites where grazing 
had been abandoned were selected, and the best pas­
tures were avoided. 

There are a few traces of arable farming from the 
Single Grave barrows in the Vroue area. The main 
agricultural economy was based on pastoral farming 
and the raising of husbandry. Pastoral farming was 
favoured by the burning of tree vegetation and at 
the cost of heath, but areas with heath were proba­
bly used for winter grazing. Grassland with grazing 
was scarce at the two ground grave barrows at Har­
reskov and Skarrild investigated by Odgaard and 
Rostholm (1989) and Odgaard (1990). Heath was 
favoured at these sites by burning of vegetation with 
the purpose to promote winter grazing. The soils at 
these sites were probably poorer than most of the 
soils in the Vroue area. 

There are no finds of husbandry-bones from the 
Neolithic in West jutland, and it is impossible to de­
cide whether cattle or sheep was reared. Sheep may 
have been common in the heath areas, as they are 
less selective in their grazing habits than cattle (But­
tenschen 1995). 

SOIL CONDITIONS AT THE TIME OF THE 
BARROWS IN THE VROUE AREA 

The soil profiles have indicated that most of the soils 
found underneath the barrows in the Vroue area were 
oligotrophic brown earths (Ah-Bv-C profiles). Soils 
without a Bv-horizon occurred in a few cases, and 
podzols were seen at two barrows, both from the 
Early Neolithic. 

Heath areas were present at barrows from the early 
Middle Neolithic and the Single Grave Period. A raw 
humus layer (Ao-horizon) had not developed at these 
sites, and there were no podzols. Hence, there are 
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no traces of pronounced soil degradation. Sarauw 
( 1898) found traces of podzols at 8 barrows from the 
Single Grave period. These barrows were situated 
just inside the Weichselian glaciation border or on 
Saalian tills just west of this limit. Odgaard and Ros­
tholm (1989) also noticed a podzol underneath a Sin­
gle Grave barrow on Saalian till. Hence, podzols 
underneath Neolithic barrows have been noticed 
outside the Vroue area. 

REGIONAL VEGETATIONAL CHANGES IN 
NORTHWEST JUTLAND 

Odgaard (1994) published pollen diagrams from 
three lakes, Kragse on the southern part of the Karup 
heath plain 13 km south of the Vroue area, Skaans0 
on a late Weichselian heath plain 18 km northwest 
ofVroue, and Solse on Saalian till40 km to the south­
west (Fig. 1). These pollen diagrams probably reflect 
vegetation within 5-10 km distance, contrasting the 
very local pollen spectra from the barrow soils. 

The Early Neolithic activities in the Vroue area 
are reflected by low peaks for birch pollen at Solse 
and Skaanse. The grasses increase slightly and rib­
wort plantain pollen is present with low frequencies 
at the lakes. Birch woodlands and pastures such as 
those occurring at Vroue are, therefore, weakly re­
flected regionally. 

Utilization of heathland for pasture at Vroue dur­
ing the early Middle Neolithic and the Single Grave 
Period is reflected by slightly increased frequencies 
for grasses and plantain in the three lake pollen dia­
grams. The percentages for heather pollen are rath­
er low at Kragse and Skaanse. The heather curve 
increases strongly at Solse during the Single Grave 
Period. Odgaard and Rostholm (1989) and Odgaard 
(1994) surmised that heath was promoted and main­
tained by artificial burning in order to provide win­
ter grazing. There are no indications of heath expan­
sion in the Vroue area. The heath present there at 
the time of human settlement probably provided 
sufficient winter grazing. 

Agricultural activities as those in the Vroue area 
can be traced in a wide region but their effect on 
vegetation was weak probably because of low popu­
lation density. More widespread agricultural activity 
is recorded at Solse during the Single Grave Period. 
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POLLEN ANALYSES FROM NEOLITHIC 
BARROWS IN NORTH AND EAST DENMARK, 
NORTH GERMANY AND THE NETHERLANDS 

North and East Denmark 

Lime woodlands were present at Early Neolithic bar­
rows inside the Weichselian glaciation limit (An­
dersen 1992). Open areas were grazed intensively 
by husbandry, and birch coppice woods have been 
burned and were used for cereal growing. 

The early Middle Neolithic landscape was highly 
diversified. There were relics of lime woodlands, cop­
pice woods of birch, hazel and alder, and open are­
as, that were used for cereal growing and grazing in 
a swidden rotation system (Andersen 1992, in print 
a). Herbs from woods and coppices were common, 
and there were few traces of heath (Andersen in print 
a). A differing strategy was used in the Vroue area, 
where heaths were utilized for pasture. 

Pollen spectra from barrows of the Single-Grave 
Culture in North and East Jutland were mentioned 
by Andersen and Rasmussen (1996). The pollen spec­
tra indicate a radical change from the coppice man­
agement of the early Middle Neolithic to nearly tree­
less landscapes in the Single Grave Period. Increas­
ing deforestation during the Single Grave Period is 
indicated. Pasture vegetation with plantain dominat­
ed the treeless areas and heath was scarce in contrast 
to the Vroue area, where heaths were used for pas­
ture. Neolithic land use was, accordingly, highly 
adapted to the environment (cp. Casparie & Groen­
man-van Waateringe 1980). 

North Germany 

Averdieck (1980) found high frequencies for pastures 
(grasses and ribwort plantain) in pollen spectra from 
Neolithic barrows in Schleswig-Holstein. Heather was 
frequent at barrows outside the limit of the Weichse­
lian glaciation. Mixed woodland and heather were 
frequent and grasses and ribwort plantain scarce at 
megalithic barrows on sandy till of Saalian age south 
of Hamburg (Groenman-van Waateringe 1979). The 
heathlands thus were utilized more or less intensive­
ly for pasture. Averdieck (1980) noticed dominant 

brown earth soils beneath the barrows, whereas pod­
zols were scarce. 

The Netherlands 

A comprehensive survey of pollen spectra from soils 
underneath barrows in the Netherlands was shown 
by Casparie and Groenman-van Waateringe (1980). 
This survey includes pollen spectra from megalithic 
tombs of the Funnel Beaker Culture and barrows 
from the Single Grave Culture (Protruding Foot Beak­
er Culture). Heather pollen was common in the pol­
len spectra from both cultures. Grasses and ribwort 
plantain were generally low in the megalithic bar­
rows. The grasses tend to be higher in the Single 
Grave barrows, and plantain varied considerably 
there. Casparie and Groenman-van Waateringe 
(1980) assumed that open spaces were used for cere­
al growing and pasture at the megalithic tombs, and 
that plantain was favoured by grazing at the Single 
Grave barrows. Bakker and Groenman-van Waater­
inge (1988) found lime-dominated woodlands around 
megalithic tombs on sandy soils. Lime was scarcer 
on loamy soils with traces of agriculture and grazing 
and was generally scarce at the time of the Single 
Grave Culture (Casparie and Groenman-van Waa­
teringe 1980). Relic lime-woodland thus still occurred 
in the Netherlands during the early Middle Neolith­
ic. The heathlands were utilized intensively for pas­
ture in the Single Grave Period. Podzols were com­
mon underneath Neolithic barrows (Waterbolk 1964). 

SUMMARY 

Neolithic barrows in the investigation area at Vroue 
are situated on the Sjorup Moraine from the Weich­
selian glaciation and in the Vroue and Resen Heaths 
on an upper meltwater terrace of the original Karup 
valley. One passage grave occurs on a lower terrace. 

Sections were excavated in sixteen barrows. Soils 
found beneath the barrows were oligotrophic brown 
earth. Pollen diagrams from the soils and pollen spec­
tra from soil enclosed in fill material were worked 
out for four Early Neolithic barrows, four early Mid­
dle Neolithic barrows, five Single Grave barrows with 
undergraves and three barrows with ground graves. 



The pollen diagrams from the soil sections indi­
cate changes in vegetation up to the time when the 
barrows were constructed. In Early Neolithic time, 
natural woodland had been converted to birch 
woods, which were used for pasture in a swidden 
rotation system. Early Middle Neolithic barrows were 
built in areas where natural woodlands with heath 
patches became utilized for pasture or in pasture veg­
etation on the Sj0rup Moraine. The MN Bl Single 
Grave barrows were also built in areas where wood­
lands with heath patches were used for pasture. One 
barrow on the Sj0rup Moraine, was built in an area 
that had been occupied in early Middle Neolithic 
time. Former birch woodland was converted into 
pasture at this site. MN BII barrows were built at 
sites, where pastures in heathland had been aban­
doned and was replaced by heath. There were slight 
traces of arable farming at the Single Grave barrows. 

Landscape diversity was high at the time when 
the Early Neolithic barrows were built. There were 
birch coppice woods and open areas with intensive 
grazing were prominent. In early Middle Neolithic 
time, trees were scarcer, but relic lime-dominated 
woodlands still occurred. Pasture vegetation in heath­
land was more or less widespread. Trees became in­
creasingly scarce during the Single Grave Period and 
there were areas with pasture vegetation in heath­
land. Pasture was more widespread around some of 
the barrows than at the barrow sites. The mounds 
were often built at sites that were less intensively 
exploited than areas in the vicinity of the barrows. 

The land-use, that was traced at the barrows in 
the investigation area, is weakly reflected by region­
al pollen diagrams from lakes in North West jutland. 
Coppice woods were much more common in East 
and North Denmark during the Funnel Beaker Peri­
od than in the Vroue area. Trees were scarce and 
heath was absent at Single Grave barrows in East 
and North Denmark. Heathland with pasture oc­
curred around Neolithic barrows in North Germany 
and the Netherlands. 

Svend Th. Andersen 
The Geological Survey of Denmark and Greenland, 
Ministry of Environment and Energy 
Thoravej 8 
DK-2400 Copenhagen NV. 
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Danish niello inlays from the Iron Age 
A technological investigation 

Karen Stemann Petersen 

INTRODUCTION 

Niello is the collective term applied to silver, cop­
per and/ or lead sulphides, which are inlaid as dark 
embellishments on bright metal objects. Fire gild­
ing is often included as a further decorative element. 
The word niello comes from medieval Latin nigel­
lum which means dark or black. 

In earlier research, considerable attention has 
been focused on the techniques by which niello in­
lays were produced, but only the medieval, easily­
meltable, lead-containing sulphides, which are de­
scribed in several primary historical sources, have 
been fully investigated. 

Many of Denmark's niello-inlaid artefacts from 
the Iron Age are to be found in the collections of 
the National Museum's Department of Prehistory 
and Early History and the investigations described 
here are confined to these. 

In the following account, earlier research in the 
field is reviewed, the technological investigations of 
this project are described, and the results of these 
are compared with previously published niello anal­
yses. Finally, the micro-topographical characteris­
tics of niello inlays are described along with the 
possible reasons for the breakdown of the sulphides. 

Finds from the Roman Empire from the 1st cen­
tury AD bear witness to the use of niello decoration 
and the technique was spread to the rest of Europe 
in the course of subsequent centuries. The use of 
the niello technique is thought to have ceased in 
Scandinavia at the end of the Viking Age, after which 
it was largely confined to religious metalwork pro­
duced further south in Europe. In Italy in the 15th 
century, niello was widely used for many different 

purposes only to be completely replaced in the 
course of the 16th century by patterns in enamel (La 
Niece 1983; Oldeberg 1966). Benvenuto Cellini 
(Ashbee 1967) wrote in 1530 that the niello tech­
nique had been forgotten when he became an ap­
prentice goldsmith in Florence in 1515, but else­
where, for example in Russia, the tradition contin­
ued into the 18th and 19th centuries. 

PRIMARY SOURCES AND EARLIER 
RESEARCH 

Schweizer (1993) presents the previously published 
niello analyses of archaeological artefacts chrono­
logically (fig. 1). Byzantine niello, which was of par­
ticular interest for his investigations, is shown sepa­
rately. Pure silver sulphide was termed type I, sil­
ver-copper sulphide type II and niello of silver-cop­
per and lead sulphide type III. Also included in the 
table are niellos of pure copper sulphide which have 
only been found on some bronze or brass objects 
from Roman times. 

In conjunction with the information from La 
Niece (1983), Schweizer's table shows that niello of 
pure silver sulphide (type I) occurs with varying in­
tensity from the 1st century AD, through to around 
1000 AD. Silver-copper sulphide (type II), with a 
significant copper content was most prominent at 
the end of the Sth century AD and in the 6th century 
AD, but its use continued up until the 13th century. 

According to La Niece {1983), the proportion of 
copper in the niello of type II was clearly greater in 
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Fig. 1 Published analyses of niello inlays from 0-1500 
AD, collected by Schweizer (1993). In diagram Ball the 
Byzantine niello inlays, which were the subject of the 
article, are separated out. The references are Moss 
(1953), Schweizer (Lazovic et al. 1977), Dennis & 
Meyers (1979), Newman et al. (1982), Oddy et al. (1983) 
and La Niece (1983). 

the northwestern European material she had exam­
ined than in the few early examples from Roman 
times, where the parent material could have been 
silver of poor quality, rather than that the copper 
was an intentional addition. From the 11th century 
onwards, the use of lead-containing niello (type III) 
became widespread, corresponding to the formulae 
in medieval technical treatises. In general, the use 
of sulphides lacking lead was abandoned in the 
course of a couple of centuries in favour of the less 
time-consuming easily-meltable leaded niellos. 

Pliny (23-79 AD)(Rackham 1968) describes the 
fusing together of 3 parts silver, 1 part copper plus 
some sulphur. In the later detailed treatises about 
lead-containing niello by Theophilus (1110-40 AD) 
(Hawthorne & Smith 1963), Cellini and others de-

Fig. 2 Phase diagram for the tertiary system Ag
2
S-Cu

2
S­

PbS (Schwarz & Romero 1927), where the melting 
points are marked with lines like contours on a map. 
The binary systems are drawn as foldouts. 

scribe how the parent metals are melted together 
before the sulphur is added. The cast and hot-forged 
niello is later crushed, mixed with a flux (borax) 
and melted into the depressions in the artefact just 
like enamel powder. 

Moss (1953) was aware that pure silver sulphide 
decomposed before it melted. He explains that the 
fact that silver, copper and lead could be blackened 
by sulphur must have been known from very early 
times, but the production of easily-meltable niello 
was not possible before mixed sulphides were in­
troduced. The reason for this is that single metal 
sulphides decompose before melting i.e. the sulphur 
burns off. If, however, they are mixed together in 
suitable proportions, lower melting points are ob­
tained, just like when metals are alloyed. Mixtures 
of silver sulphide, copper sulphide and lead sulphide 
were investigated systematically by Schwarz and 
Romero ( 1927), who examined the melting proper­
ties of various mixtures and produced a phase dia­
gram (fig. 2). Under laboratory conditions, where 
the sulphur is prevented from burning off, the melt­
ing points for the sulphides of silver (Ag

2
S), copper 

(Cu2S) and lead (PbS) are 835° C, 1121 o C and 



1114° C respectively, whereas a mixture of these 
three sulphides in the ratio of 5:7:8 will melt at about 
440° C. The niello formula used by Cellini was dif­
ficult to work with in the investigations described 
by Wilson (1948) and Moss (1953). Cellini was, on 
his own admission, self-taught in the niello tech­
nique. It must be presumed therefore that he added 
too much lead to the mixture in a direct attempt to 
achieve the lowest possible melting point. 

The Danish artefacts from the Iron Age which 
have been investigated have no obvious air bub­
bles in the inlay to suggest that the method of appli­
cation involved the melting on of sulphide powder. 
In the exhibition "From Viking to Crusader" (Roes­
dahl1992, no. 27f, 304), there were, however, four 
onion-shaped, oriental pendants from the Swedish 
V arby Hoard and a tubular neckring from the Rus­
sian Gnezdovo Treasure from the IOth century, which 
all had conspicuous air bubbles in the niello. These 
artefacts should be analysed, as they either contain 
melted-on niello of silver/copper sulphide or are 
the earliest lead-containing niello yet reported. 

Of the niello formulae in eight historical sources 
(La Niece 1983), only a few are without lead and 
therefore of relevance to the Danish artefacts which 
have been investigated. The sources in question are 
a formula from Pliny (Rackham 1968), one from al­
Hamdan'i from 942 AD (Toll1968; Allan 1979) and 
the formulae in chapters 58, 195 and 196 of "Map­
pae Clavicula" from the 81h-12th centuries AD (Smith 
& Hawthorne 1974). 

In "Mappae Clavicula" (chapter 58) and al-Ham­
dan'i, only silver and sulphur are thought to have 
been melted together in the production of the sul­
phide. Because silver sulphide, as already men­
tioned, decomposes to give metallic silver and sul­
phur before it reaches its melting point, it must be 
assumed that the silver used in the formulae was a 
silver alloy from the workshop, which contained 
some copper. 

Rosenberg (1924) calculated the relationship be­
tween the parent elements for the metal sulphides 
which will be obtained according to a series of niel­
lo recipes in the historical sources and was of the 
opinion that generally too much sulphur was spec­
ified. 

He knew of an old description of a Russian test 
piece, where the task was to cold-hammer a niello­
inlaid plate out to double its size. Rosenberg thought 
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that this could only be done because the niello con­
tained some unreacted metal among the sulphides, 
since malleability is a characteristic of metals and 
not of mixed sulphides. Theophilus (Hawthorne & 
Smith 1963) states that cold niello shatters like glass. 
Moss (1953) addressed this problem and did not 
think that free metal in the sulphides was desirable 
as the excess metal would be in the form of lead 
which would disrupt a silver underlay. Furthermore, 
the excess of sulphur in the historical formulae 
proves that the intention was to convert the metals 
completely to sulphides. In an attempt to copy the 
Russian test piece, Moss tried to cold-roll inlaid niel­
lo so the whole surface became enlarged, but the 
niello cracked and came away from the silver un­
derlay at the touch of a fingernail. On the basis of 
the experiments described in the following, it should 
perhaps be assumed that the use of the expression 
"cold working" with reference to the Russian test 
piece is due to a misinterpretation of the craftsmen 
who perhaps just meant that the silver should not 
be red hot. 

Moss succeeded, to varying degrees, in inlaying 
pulverised silver sulphide on a heated silver piece 
by rubbing the powder together using a burnisher. 
He was therefore aware that silver sulphide becomes 
plastic at a much lower temperature than its melt­
ing point. A corresponding description of an attempt 
to inlay using sulphide powder is to be found in La 
Niece (1983). 

In the discussion of the nature of niello, New­
man et al. (1982) present the phase diagram for 
CU2S-Ag2S (fig. 3), from an investigation by Skin­
ner (1966). The phases of the sulphide mixtures can 
be drawn as a two element diagram, because sul­
phur comprises a third of a mole in all the minerals. 
The melting curve (uppermost in the diagram), with 
a minimum melting point of 640 ± 3° C, is approx­
imately the same as that given earlier by Schwarz 
and Romero ( 1927) (fig. 2). An important point with 
regard to the niello investigations presented here 
concerns the polymorphic conversions of the min­
erals in the system explained by Skinner (1966). At 
room temperature there are eight different stable 
crystal phases. There is silver sulphide (acanthite), 
four copper sulphides (chalcocite, covellite, digen­
ite and djurlite), as well as three tertiary compounds 
Ualpaite, mckinstryite and stromeyerite). All eight 
crystal phases appear at specific combinations of the 
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Fig. 3 Phase diagram for Ag2S-Cu2S: The upper part 
shows the melting and setting curves in the system and 
underneath the phases of the system in a solid state 
(Gmelins Handbuch 1974). The amount by weight of 
Ag

2
S relative to the molar % has been added to the 

diagram. 

components and the crystal structures which appear 
are orthorhombic, tetragonal and monoclinic. 

In a solid state at higher temperatures, only three 
minerals occur in the system, with broad variation 
in composition. They have each their own lattice 
structure: hexagonal (hcp) at the copper side of the 
diagram, body-centred cubic (bee) at the silver side 
and, in between, face-centred cubic (fcc), which 
spreads over the whole diagram with increasing tern-

perature. These mineral compounds exist only at 
elevated temperatures. 

In the world of metals, the body-centred cubic 
structure is quite malleable, while the face-centred 
cubic is the most malleable. 

La Niece (1983) describes a swastika-shaped in­
lay of silver sulphide on a Roman silver dish from 
the 3rd century AD, where the ca. 4 mm broad bands 
of niello resemble cut-off strips. She presumes that 
this unique occurrence is evidence of an unneces­
sarily time-consuming application technique. 

On the basis of their investigations of artefacts, 
La Niece (1983) and Schweizer 1993) think that sil­
ver-copper sulphide niello, like pure silver sulphide, 
was not melted in place, because there are no air 
bubbles in the niello, as there are in the later lead­
containing sulphides. La Niece presumes therefore, 
that an (unspecified) application technique used for 
pure sulphides in Roman times had been contin­
ued despite copper sulphide's somewhat lower melt­
ing point. 

Moss (1953) examined some bronze Roman belt 
plates from the 1st century AD, where the niello 
consisted of copper sulphide. These inlays appear 
to have been cut into shape before being inlaid, rath­
er than melted into the engraved depressions. He 
states that "Since the melting point for cuprous sul­
phate ( 1112° C) is well above that of bronze, it could 
only have been inlaid in the bronze in the manner 
already suggested". As will be apparent from the 
results of the experiments described later, his inter­
pretation appears to be correct. 

Some of Newman et al.'s ( 1982) niello from Byz­
antine artefacts contained silver-copper sulphide in 
the form of jalpaite. When examined at 500-550 
times magnification with a scanning electron micro­
scope, the phases acanthite and jalpaite appeared 
finely distributed among one another. Similar visi­
ble phase division could be seen in sulphides on the 
Danish artefacts and the sulphides produced exper­
imentally as part of this project. 

EXPERIMENTS WITH PRODUCTION OF 
NIELLO AND INLAYING 

In order to interpret the niello inlays on the archae­
ological artefacts, niellos of various compositions 
were produced. This was done by converting metal 



Fig. 4 Crucibles with sulphur used to convert metal 
wire in an oven. Some of the treated wires can be seen 
in the background. Photo John Lee. 

wire in molten sulphur and, at higher temperatures, 
by melting together of the components. With sul­
phides in the form of wire and powder, the various 
inlaying techniques could then be tried out on fur­
rows cut in sheets of silver, brass, bronze and gold. 

Pure silver, pure copper and three silver-copper 
alloys were the starting point for the experiments. 
The alloys contained 92.5% (sterling silver), 80% and 
70% silver respectively. According to the chemical 
data (Gmelins Handbuch 1971), silver sulphide can 
be produced from metallic silver exposed to sulphur 
vapour or molten sulphur. An accelerated conver­
sion process is achieved above 177.8° C, but above 
444° C the conversion of the metal occurs so rapid­
ly that only detached flakes are produced. 

Silver and sulphur ions can move freely in silver 
sulphide covering silver surfaces, so the sulphide 
does not offer protection against further action by 
the sulphur (Gmelins Handbuch, 1973). The exper­
iments showed that conversion from silver wire and 
sterling silver wire to sulphide occurred rapidly, 
compared to the conversion of metal wire with a 
higher copper content, where the ions were less mo-
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bile in the sulphide coating. In closed bowls con­
taining molten sulphur, 1mm thick pure silver and 
sterling silver wire was converted to sulphide wire 
in an hour at an oven temperature of220o C (fig. 4). 
Alloy wire containing 80% and 70% silver and pure 
copper wire, required 350° C for 2 and 4 hours, re­
spectively, for the conversion to be complete. The 
sulphides arising from the 80% and 70% silver alloy 
became very soft in the bowls, and the sulphide wires 
were difficult to detach from the bottom of the bowls 
and they stuck together in the viscous molten sul­
phur. 

On conversion, the wires increased in volume 
and at the same time became hollow or developed 
porosities at the core. The situation is the same as 
that with metal artefacts which have been totally 
transformed by corrosion in the soil. The copper 
sulphide wires produced in the experiment had a 
hollow core 1mm in diameter, which shows that it 
was exclusively copper ions which had migrated out 
of the copper wire in order to react with the sul­
phur. In the other sulphide wires the hollow or po­
rous core was less marked, which means that the 
sulphur ions must have moved inwards through the 
sulphide layer at the same time as metal ions moved 
out. 

Silver-copper sulphide was also produced by fus­
ing together of the components, as among others 
Moss (1953) has tried using Pliny's formula, at an 
oven temperature of ca. 1000° C. Casting of the 
sulphide bars made from sulphur and 70% and 80% 
silver alloys was done as quickly as possible, but there 
was, however, a small amount of finely distributed 
pure metallic silver in the cast sulphide. An excess 
of sulphur was present in the melting process, but 
was easily burned off. According to Newman et al. 
(1982) it is possible, in the laboratory, to fuse to­
gether silver sulphide containing only 10-15% cop­
per. 

In Skinner's (1966) preliminary work for the con­
struction of the phase diagram, the measurements 
on silver-copper sulphide were generally uncertain 
above 450° C, at which point sulphur is released by 
evaporation and the sulphides begin to decompose. 
According to the tertiary phase diagram for sulphur, 
silver and copper at 250° C (fig. 5), pure silver will 
crystallise out if there is deficiency of sulphur in the 
mixture. The present experiments showed that the 
sulphur deficiency can occur during fusion, or if the 
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Fig. 5 Phase reactions for Ag-Cu-S at 250° C with the 
crystal structures marked (Skinner 1966). With a deficit 
of sulphur (below the horizontal line in the diagram) 
pure silver dissociates from the sulphide. 

sulphur burns off by overheating during forging and 
inlaying. Overheating experiments in an oven at 
temperatures of 500° C and 575° C for 5 minutes 
showed that pure silver sulphide decomposed less 
readily than niello of silver-copper sulphide. Small 
crystalline peaks of silver could be seen on the sur­
face of the sulphides. 

In order to control the working temperatures pre­
cisely during the inlaying experiments, an electric 
hotplate was used. On the hotplate it was possible 
to shape the sulphide wires which had been pro­
duced and inlay them in furrows milled in sheet 
metal of sterling silver, and in some cases brass, 
bronze and gold. This method is illustrated in figure 
6 which shows a sulphide wire being inlaid in a 1 
mm spiral furrow. For the comparative experiments 
straight furrows were used. Copper sulphide in the 
hexagonal (hcp) area of the phase diagram was not 
malleable (fig. 3), but with further heating it was 
possible to inlay the sulphide at 450-500°. Copper 
sulphide is hard and very difficult to inlay such that 
the furrows easily become mis-shaped. As a conse­
quence, it seems reasonable to conclude that the 
method was not continued after Roman times. 

Fig. 6 Close-up photo of a milled spiral 1mm furrow in 
14 carat gold sheet, in which a silver sulphide wire is in 
the process of being inlaid. Photo Karen Stemann 
Petersen. 

Sulphide wires produced from pure or sterling 
silver could be smithed into the furrows when they 
were in the body-centred cubic area (bee), but at 
higher temperatures they became face-centred cu­
bic (fcc) and thus much more flexible. According to 
the phase diagram, sulphide with 60 molar percent 
Ag2S is already face-centred cubic at 119° C, and 
experiments at 200° C with niello of this composi­
tion (from 70% silver) showed it to be a particularly 
malleable material. 

If the converted wires were only slightly de­
formed during inlaying then porosity still existed 
along the core of the wire, i.e. the converted wires 
had to be slightly larger than the furrows for the 
inlay to be completely compact. 

Cast sulphide bars from alloys with 70% and 80% 
silver could be hot forged to sheets before inlaying. 
All the inlaying experiments with sulphide wires 
and strips were convincingly easy to perform. 

It is also possible to carry out inlaying by rub­
bing together the pulverised sulphides, as has been 
tried in earlier research into the niello technique, 
but the process is difficult and the results poor. The 
sulphides were crushed in a mortar. Silver-copper 
sulphide and pure copper sulphide were brittle, but 
pure silver sulphide was very tough and unsuited 
to pulverisation. Attempts were made to fill out the 
furrows in sheet sterling silver with abundant pow­
dered silver sulphide and silver-copper sulphide 



respectively. No binding agent was employed to 
hold the sulphide powder together, as this would 
have caused inclusions and the addition of a binder 
in the form of excess sulphur would have resulted 
in a blackening of the surrounding silver. The ster­
ling silver, with the powder in the furrows, was heat­
ed on the hotplate and the powder was rubbed in 
using a burnisher. It was, however, necessary to fill 
up the furrows several times as the powder gradual­
ly became compressed. Cross sections showed that 
the powder had not become completely compact­
ed, and that there were small spaces around the con­
spicuous powder particles. 

Experiments with inlaying of furrows with mol­
ten silver-copper sulphide, to which borax had been 
added, only produced a spongy mass, because the 
sulphide powder did not melt readily. If the borax 
was replaced with modern flux intended for silver 
solder (550-750° C), reasonable results were achieved. 

In comparison, crushed and powdered silver­
copper-lead niello mixed with borax melted readi­
ly into the furrows. The product did however con­
tain small air bubbles, just like those seen in 11th 
century inlays. As melted-on niello does not, as men­
tioned earlier, occur in the investigated Danish ar­
tefacts from the Iron Age, fluxes have not been sub­
jected to further investigation. 

Delicate silver inlays, in the form of small tubes 
etc., within the niello itself are seen in finds from 
other countries (Maryon 1972; Oddy et al. 1983; 
Roesdahl 1992, no. 31). Inlays such as these could 

Fig. 7 Detail of a lance point from Svenskens, Endre 
parish, Gotland (above). Close-up of spiral-like silver 
lamella from the transverse decoration of the lance 
point, magnification ca. 70x (left) (Oldeberg, 1966). 
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be easily copied when the niello inlayed piece was 
heated whilst the silver pieces were beaten in. It was 
also possible to twist silver sulphide wire together 
with fine silver wire in a heated state, producing 
something which could resemble the starting point 
for the lamella-like inlays (fig. 7) which Oldeberg 
( 1966) tried to explain on the basis of the then avail­
able description of the niello technique. 

Microscopic investigation of the inlays produced 
in the experiments showed that the lead-containing 
sulphide made for comparison reacted and bound 
with the surrounding sterling silver, such that mi­
croscopic wedges formed down into the metal. There 
seemed to be a slight reaction between the copper 
in sterling silver and inlays of pure silver sulphide. 
The silver sulphide appears to bind closer to the 
furrows than the silver-copper sulphide. 

Microscopic examination of inlays in furrows cut 
in 14 carat gold revealed a reaction between silver 
sulphide and gold and the good adhesion was al­
ready noticeable during inlaying. At 300-400° C, 
metallic gold in contact with silver sulphide will al­
loy with the silver according to the following reac­
tion: xAg2S + yAu --7 (Ag2x Au) + xS (Gmelins 
Handbuch 1971). 

The experiments showed, furthermore, that it was 
impossible to inlay niello containing silver sulphide 
in bronze (with 10% Sn). Even at a temperature of 
200° C, the copper of the bronze rapidly reduced 
the silver sulphide so that the inlay became bright 
and shiny. The reaction in a heated state proceeds 
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as follows: Ag2S + 2Cu ~ Cu
2
S + 2Ag (Gmelins 

Handbuch 1971). If, however, the furrow was in brass 
(with 35% Zn), the silver sulphide in the inlay was 
less influenced by the copper in the material because 
of the presence of zinc. La Niece (1983) does not 
consider there to be any technical difficulties associ­
ated with applying silver-containing niello to cop­
per alloys, despite the fact that Moss (1953) was not 
able to melt silver-copper-lead sulphide on to cop­
per and bronze. He had more success with brass even 
though the niello did not flow as well as on silver. 

Radiographs of the inlaid sulphide samples 
showed, as one would expect, that the silver-copper 
sulphides are more easily penetrated by the x-rays 
than pure silver sulphide and lead-containing sul­
phides. Radiographs may be able to reveal toolmarks 
under the niello if the inlaid objects are not too thick. 

NIELLO ANALYSES ON ARTEFACTS AT THE 
NATIONAL MUSEUM 

Most of the National Museum's niello-inlaid arte­
facts from the Iron Age are of silver or silver-plated 
bronze and the majority are further decorated with 
fire gilding. There is, in addition, a cast bronze reli­
quary cross and a pair of gold rings dating from the 
transition to the Nordic Middle Ages. On the basis 
of a visual examination of 67 artefacts, a representa­
tive group of21 was chosen for analysis. Two or more 
very small particles of niello were removed with a 
scalpel in the same area of each item. The analytical 
equipment used was a scanning electron microscope 
linked to an EDAX x-ray detector (Philips SEM 505 
with EDAX 9100). After the first round of analyses 
it was found that improved results were achieved if 
the surface of the samples was scraped gently with a 
scalpel to remove foreign material. During prelimi­
nary niello analyses in 1991, three objects fromjel­
ling were analysed by placing them directly in the 
SEM chamber. The analyses were then carried out 
directly in situ on the niello surface. 

Where the analyses revealed small amounts of 
Mg, Cu, Al and Si as impurities, these have not in­
cluded in the results table (fig. 8). This is because 
these traces could be due partly to the presence of 
soil particles, partly to the cellulose adhesive used 
to hold the small particles during the analysis, and 
in the case of Al, partly also to the analysis chamber. 

The sulphur content in the sulphide minerals present 
can be calculated from the molar weight of the ele­
ments (fig. 9). In general, the calculated sulphur 
content corresponds to that found in the analyses 
of the artefacts. However, niello can, as mentioned, 
contain metallic silver and therefore have a lower 
sulphur content than expected. This is particularly 
apparent in the analyses carried out on the surfaces 
of the strap ornaments from jelling and the Bonde­
rup pendant cross which also had a bright silvery 
sheen on the niello-inlaid surfaces. 

The oldest niello-inlaid artefacts at the National 
Museum are three very different silver fibulae, all 
of which have been imported. The silver fibula from 
a woman's grave from R0gneh0j, Funen, is from 
the late Roman Iron Age (mus. no. 59/09). Its sim­
ple niello pattern of straight lines and arcs is of sil­
ver sulphide. The slightly later silver fibula from a 
':Yoman's grave from the 3rd century AD from 
Arslev, Funen (mus. no. 8568) also contains silver 
sulphide, but the niello is inlaid as more variable 
broad fields with diverging spirals and a narrow 
punched border (Storgaard 1990). The undulating 
margins with spirals must have been produced from 
very broad bands of silver sulphide. A fibula in gild­
ed silver from the 51h century AD, found at Skjerne, 
Falster(mus. no. C288), contains silver sulphide, in 
a uniform repeating pattern of lines plus circles en­
closed by interlocking arcs. 

On the fibula from Skjerne, it is clear that the 
fire gilding was applied after the niello, as parts of 
the niello decoration on the side of the arch was 
never cleared of gold (fig. 10). Where fire gilding 
and niello are part of the ornamentation, this se­
quence is usual, as documented by Oddy et al. 
(1983). The gold amalgam applied to the object was 
heated to above the boiling point of mercury, 
356.9° C, and the areas to which niello had already 
been applied were then scraped free of gold. Mer­
cury from the gilding can be seen in some of the 
niello analyses (Oddy & Meeks 1983), as it can 
spread over the whole object. On the strap orna­
ments fromjelling there was, for example, a signif­
icant mercury content in and on the cast silver, in­
cluding the now empty niello furrows. 

Weapon accessories from the sacrificial bogs at 
Nydam, Kragehul and Ejsb0l-Syd, dating from 
around 450 AD, include large numbers of closely­
related objects in fire gilded cast silver with Nordic 
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Analysed objects "number of s Ag Fe Cu Au Pb others analyses" 
59109, fibula, R0gneh0j 1 10.2 88.3 0.9 0.7 
8568, fibula, 0rslev 1 13.1 86.9 
C288, fibula, Skjerne 1 14.8 85.3 
NV 448, scabbard mount, Nydam 2 15.6 34.3 12.8 37.4 
NV958, button, Nydam 2 18.5 36.1 16.0 29.3 
NV6, belt buckle, Nydam 3 19.9 27.4 24.4 28.3 
NV1, scabbard mount, Nydam 3 12.0 22.3 4.7 61.0 
NV14, clasp, Nydam 3 16.4 27.6 12.9 36.6 6.5 Zn 

12524, fibula, Gummersmark 1 11.6 88.4 
C6, fibula, Bornholm 2 14.1 14.0 0.3 65.4 7.1 Hg 

10/40, square strap mount, unknown site 3 9.5 50.6 36.6 1.6 Hg 

C325, oval brooch, Holbrek county 3 12.7 64.2 23.0 
CCCLXXII, beaker,Jelling, niello on silver 1 11.3 63.0 6.0 19.7 
same, niello on gilding 1 12.0 68.7 8.6 10.6 

Strap ornament A, Jelling 3 8.5 86.6 1.1 0.4 2.3 Hg 

Strap ornament B,Jelling 1 2.8 84.2 3.1 0.5 7.7 Hg 

J.nr. 7375/92, trefoil sword mount, Trabjerg Bakker 1 13.1 86.9 
16370, penannular brooch, M01lel0kken 1 12.0 88.0 
D97-1982, mount, Lundby Krat 2 12.3 87.7 
14190, Bonderup Cross 1 6.6 32.8 60.6 
D 12124, Randers Cross 2 13.2 50.0 0.4 35.6 0.9Zn 
MCMXXX, gold ring, Snogh0j 1 12.0 83.0 0.8 4.2 

Fig. 8 Results of the EDAX analyses of niello from 21 artefacts, given as percent by weight. Where there are several 
analyses from an object a calculated average is given. Small amounts of Mg, Ca, AI and Si have been omitted from 
the table. 

Minerals s Ag Fe Cu 
acanthite, Ag

2
S 12.94 87.06 

jalpaite, Ag
155

Cu
0 45

S 14.07 73.38 12.55 
mackinstryite, Ag

12
Cu

0 8
S 15.10 60.96 23.95 

stromeyerite, Cu~.07Ag0•93S 16.01 50.05 33.94 
chalcocite, Cu,S 20.14 79.86 

Fig. 9 For the purposes of comparison with the niello 
analyses in fig. 8 the sulphur content in the 
corresponding minerals has been calculated. 

animal ornamentation, carved relief and with niello 
inlay. Five items from Nydam, excavated in 1990-
1991 (fig. 11) (Rieck 1994; Vang Petersen 1994), were 
analysed (NV6, 448, 958, 1, 14). The inlays were of 
silver-copper sulphide with a substantial iron con­
tent which will be dealt with later. Like La Niece 
(1983), I believe that in this period, when the sul-

phides appear with a significant copper content, it 
must be an intentional alloying. 

The appearance of the niello pattern on the weap­
on sacrifices is different from that described earlier, 
in that there are quite narrow inlaid patterns of 
punched semi-circular marks and opposing trian­
gular depressions (zig-zag pattern). Niello inlay must 
have been a particularly popular form of ornamen­
tation with the warriors who were defeated and 
whose weapons were thrown in to the bogs as sacri­
ficial gifts. 

It is possible to follow the similar carved reliefs 
and animal ornamentation with niello inlay in zig­
zag patterns etc. through the many fibulae from the 
6th century, for example mus. no. C6, which is in­
laid with silver-copper sulphide. Many fibulae come 
from graves on Bornholm and areas close to the 
Baltic Coast, including, in particular, many Swed­
ish finds from Gotland. 
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Fig. 10 The fibula from Skjerne (mus. No. C288) with niello also on the side of the arch. Under production, partly 
gold-covered niello has been left after the fire gilding. The length of the fibula is 15 em. Photo Svend Erik 
Andersen. 

Fig. 11 From a number of different niello-inlaid weapon mounts and ornaments excavated in Nydam Mose in 1990-
91, five of the above shown niello inlays have been analysed. Photo Kit Weiss. 
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Fig. 12 The trefoil sword mount (j.no. 7375/92) from Trabjerg Bakker,Jutland (breadth 5.9 em). The p~ece had only 
been partially cleaned with a scalpel, so the corrosion layer could be investigated before the conservation work was 
completed. Photo John Lee. 

La Niece (1983) found silver-copper sulphide 
niello on seven out of eight Swedish artefacts from 
this period, including a scabbard mount and a fibu­
la from Sjorup, as well as three fibulae from Gill­
berga, Haste and an unknown site. The Swedish ar­
tefacts can thus, both in form and niello composi­
tion, be compared directly with the Danish finds. 
An exception to this, where the niello is in the form 
of pure silver sulphide, is however the fibula from 
Gummersmark (mus. no. 12524) with some special 
traces in the inlay which will be discussed later. 

From the 71h century, there are some square 
bronze cross-strap mounts, where a thin covering 
of sheet silver forms the underlay for niello decora­
tions with zig-zag patterns. The analysed mount 
(mus. no. 10/40) contains niello of silver-copper sul­
phide. 

The artefact groups from around the 5th to the 7th 
centuries are related in form and have narrow bands 
of punched inlays. On the basis of the above men­
tioned analyses it appears likely that silver-copper 
sulphide is the most utilised niello type in this peri­
od, and the experiments proved this mixed sulphide 
to be exceptionally pliable and thus suitable for de­
tailed inlays. 

Among the Viking Age finds at the National Mu­
seum, there are many different silver artefacts in­
laid with niello. Analysis of some of these inlays 
showed, in addition to silver-copper sulphide, also 
several inlays of pure or almost pure silver sulphide. 
The artefacts concerned are a trefoil sword mount 
from Trabjerg Bakker O.no. 7375/92) (fig. 12), two 
strap ornaments fromjelling Church, the large I01

h 

century penannular brooch (mus. no. 16370) and 
the crumpled sheet metal mount from Lund by Krat 
(mus. no. D97-1982). The silver sulphide inlays on 
these objects appear in very regular, relatively plain 
bands. 

The Jelling beaker (mus. no. CCCLXXII) has 
rather less regular engraved lines and the inlay is of 
silver-copper sulphide. Niello analyses were, as 
mentioned earlier, carried out directly on the sur­
faces of the beaker and the strap ornaments in 1991, 
and the niello analyses from the beaker showed, in 
addition to silver-copper sulphide, the presence of 
6% and 8. 7% iron. 

The beaker has, in addition to the niello inlays 
in the silver itself, also niello inlays in shallow de­
pressions on bands of gilding. The smooth delimit­
ed lines of sulphide do not appear to be the result 
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of corrosion. The fact that niello can be applied over 
gilding seems not to have been described previous­
ly, but contributes to proving that niello was ap­
plied below a temperature, which could cause the 
already applied gilded areas to dissolve into the un­
derlying silver. The beaker will be deskribed in: 
Krogh & Leth-Larsen, Vikingekongernes monu­
menter iJelling, vol. II. 

A very simple pattern of lines in niello on a sil­
ver-plated bronze oval brooch (mus. no. C325) con­
sists of silver-copper sulphide. On the silver-plated 
bronze oval brooches and mounts for harness bows 
from Mammen (mus. no. C1063) (where the niello 
has not been analysed), the furrows in the silver are, 
in several places, cut so deeply that the niello is in 
direct contact with the underlying bronze. 

The niello on the cast silver pendant cross from 
Bonderup (mus. no. 14190) is engraved with designs 
in the Ringerike style with the inlay consisting of 
silver-copper sulphide. 

The 12th century Randers Reliquary cross (D12124) 
is of cast brass, inlaid with silver-copper sulphide 
niello, just like the Irish St. Cuillean' s Bell in iron 
and brass, dating from the end of the 11th century, 
which was investigated by Moss (1953) (Roesdahl, 
1992 no. 430). The ornamentation of the Randers 
Cross has been compared with British and Irish ar-

Fig. 13 A chronological 
graphical presentation of the 
results of the analyses from 
fig. 8 arranged according to 
the silver content in the 
niello. 

tefacts (Lindahl 1990). The choice of brass rather 
than bronze as an underlay for the sulphides must, 
as already mentioned, be because the zinc content 
of the brass prevents a reaction between the silver 
sulphide and metallic copper. 

The National Museum has faceted finger rings in 
gold, silver and gilded copper, dating from the tran­
sition between the Viking Age and the Medieval Pe­
riod, which bear inscriptions filled out with niello. 
In the gold ring from Snogh0j (mus. no. MCMXXX), 
which dates from the end of the 12th century, pure 
silver sulphide has been inlaid in the engraved let­
ters. A detected gold content in the niello must come 
from a reaction with the underlay. According to La 
Niece's (1983) comprehensive list of analyses, gold 
only appears in niello inlays on gold artefacts, and 
up until the 131

h century, these inlays consist solely 
of silver sulphide. The ring from Snogh0j is thus 
consistent with this pattern of events. In "Mappae 
Clavicula", chapters 195 and 196 (Smith & Haw­
thorne 1974) a distinction is made between whether 
the underlay is of gold or of silver. With the former, 
use of the most silver-rich silver-copper sulphide is 
recommended. 

The graphical presentation of the results of the 
analyses (fig. 13) has been modified with respect to 
that of Schweizer (1993) (fig. 1) in that it was possi-



ble here to plot the silver content on the y-axis. In 
this way it is made clear that the group containing 
pure or almost pure silver sulphides stands apart 
from the copper-containing sulphides. There is a 
noteable shift in the sulphides used though time, 
which is in agreement with earlier analyses. 

The niello analysed from Nydam Mose showed 
a significant iron content within the silver-copper 
sulphide (fig. 8). In an EDAX analysis technique, 
revealing the distribution of individual elements, it 
could be seen that the iron is located in the most 
copper-rich phase. With the present state of our 
knowledge of the corrosion of sulphides, it cannot 
be determined whether the iron could come from 
the manufacturing process, or from the local con­
centration of corroded iron in the burial of Nydam 
Mose. Although, according to the phase diagram, 
fig. 5, there should be no free copper in the niello 
inlay with which the iron in the earth could bind. 

Arne Jouttijarvi has carried out a niello analysis 
on an animal-formed brooch from Lindholm H0je 
on behalf of Aalborg Historiske Museum. The sil­
ver-copper sulphide contained 2.9% iron, which with 
point analysis with EDAX was also found to be 
bound to the most copper-rich phase of the niello. 

Schweizer (1993; Lazovic 1977) has previously 
demonstrated iron contents of up to 4. 7% on the 
surfaces of Byzantine silver sulphide niello, and New­
man et al. (1982), using emission spectrography, 
found traces of iron on Byzantine niello of both sil­
ver sulphide and silver-copper sulphide. 

THE MICRO-TOPOGRAPHY OF THE INLAYS 

As niello inlays on artefacts found in the soil can be 
confused with corrosion in the form of sulphides, it 
is useful to have some diagnostic micro-topograph­
ical characters. On bronze artefacts, silver coating 
is, for example, used as an underlay for the niello 
decoration, because, as mentioned earlier, it is not 
possible to apply silver-containing sulphides direct­
ly to bronze. 

The mount from Lundby Krat (mus. no. D97-
1982) is forged and only ca. 1mm thick, in contrast 
to the majority of objects containing niello, which 
are cast and are considerably thicker, and thus would 
have been able to retain heat for some time during 
application of the sulphide. 
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As a rule, the inlaid areas occur on raised or flat 
surfaces, so later smoothing out or scraping of the 
inlaid material was possible. 

Oldeberg (1966) observed niello which occurred 
above the level of the copper alloy in which it was 
inlaid and it could be, as he presumes it to be, a 
result of corrosion of the surrounding metal. Slight 
differences in level were seen on some Danish arte­
facts, perhaps because the niello had not been 
scraped completely flush with the surrounding met­
al. Smith & Hawthorn (1974) state that in European 
niello work the decoration lies flush with the rest of 
the surface, whereas they noticed that in some Sas­
sanian and Byzantine pieces, the niello stood in rel­
atively high relief. 

There have been several descriptions of the fur­
rows in the metal underlay. Smith & Hawthorne 
( 197 4) saw inlays that were prepared by coarse chis­
el work to ensure good adhesion in the furrows. La 
Niece (1983) describes punchmarks which proba­
bly correspond to the punched depressions referred 
to in this investigation. Silicone casts of the tool 
marks on the strap ornaments from jelling revealed 
that a graver with a flat edge had cut the regular 
notches (Leth-Larsen & Krogh in print). Several oth­
er artefacts examined have similar furrows with a 
rectangular cross-section and notches. Both punched 
patterns and engraved notches produce uneven sur­
faces in the furrows, which help, to a certain extent, 
to anchor the niello. Despite this, there are also niello 
inlays in furrows with, for example, v-shaped cross­
sections cut with a pointed graver and with furrows 
which are unbroken and quite smooth. 

There are several similarities between the encrus­
tation technique and niello inlay. For example, on 
the silver penannular brooch (mus. no. 16370), three 
spheres have niello inlay over almost all their sur­
face. These correspond to the closely spaced spiral 
furrows for inlaying metal wire described by Holm­
qvist & Arrhenius (1964). According to them, en­
crustation was a technique commonly-used by Nor­
dic craftsmen from the 51h-12th centuries AD, but 
apparently with declining popularity in the 61h to 9th 
centuries. Because of the widespread use of niello 
in punched patterns around the 6th-7th centuries, it 
seems likely, that the craftsmen continued using the 
same inlaying technique, but with niello instead of 
metal wire. A relationship between the two tech­
niques is also gathered from studying Allan's (1977) 
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investigation of early Islamic craft traditions. He 
describes how silversmiths in 11th century had to 
abandon niello inlay on silver objects, as silver be­
came scarce and expensive, in favour of encrusta­
tion work on brass objects. 

Experience gained from converting silver wire 
to sulphide in molten sulphur, suggests that this man­
ufacturing technique could be the reason why on 
some artefacts there are porous areas running long­
itudinally in the centre of the inlay. Likewise there 
is some special repeated flaws on the inlays on the 
small punched zig-zag patterns on the fibula from 
Gummersmark (mus. no. 12524). There is a distinc­
tive cavity in the centre of every triangular inlay, 

Fig. 14 The fibula (mus. no. 12524) from Gummers­
mark, Zealand (length 15.5 em). On the close-up the 
arrows show that in every inlaid triangular depression 
there is a cavity in the niello. As the niello is shiny, this 
appears lighter on the picture. Photo John Lee. 

fig. 14. In contrast to the other analysed niello in­
lays with zig-zag patterns of silver-copper sulphide, 
the niello here consisted of silver sulphide. The re­
peated cavity might be the result of inlaying a hol­
low wire, but could certainly not have been pro­
duced by rubbing silver sulphide powder into the 
depressions or by a melting process. 

Medieval lead-containing niello appears rather 
more blue-black than earlier niello of silver sulphide 
and silver-copper sulphide. This could be the rea­
son that the early types are often found together with 
fire gilding, so that the colour contrast was accentu­
ated. 



BREAKDOWN OF INLAID NIELLO 

The sulphides are thought to be stable and are not 
altered in the soil, but metallic silver, which can oc­
cur in the niello matrix will be subject to corrosion 
in the same way as, for example, the silver object in 
which the niello is inlaid. The presence of metallic 
silver on and in the niello on some of the artefacts 
means that the inlays are not dark. The circumstances 
regarding niello destruction have been described in 
several publications. 

According to Oddy et al. (1983), care has to be 
taken in interpreting analyses carried out directly 
on niello surfaces. The inlay on the large drinking 
horn from Sutton Hoo consisted solely of silver chlo­
ride at the surface, whereas inside it consisted of sil­
ver sulphide. Oddy & Meeks ( 1983) consider it prob­
able that the growth of silver chloride crystals on 
the surface arises from corrosion of the surrounding 
silver. In its raw (i.e. uncleaned) state the trefoil sword 
mount Q.no. 7375/92), fig. 12, had no free silver in 
the sulphide which appears to be quite intact. The 
surface covering of silver chloride must therefore 
stem from the surrounding cast silver. 

La Niece lists the reasons why metallic silver oc­
curs in niello as follows: not all the silver has been 
converted to sulphide during production; silver sul­
phide is unstable at the elevated temperatures which 
can arise during inlaying; a possible chemical re­
duction occurs during certain conservation treat­
ments of the artefacts. With reference to the latter, 
the strap ornaments fromjelling and the Bonderup 
Cross (mus. no. 14190), among others, have silver 
coatings over the niello inlays, which it is hard to 
imagine were there when the decorations were new. 
In 1979, the strap ornaments from jelling were treat­
ed by electrolysis in an EDTA solution to remove 
heavy green corrosion. The metallic silver upper­
most in the niello could be a result of this method of 
cleaning. Half of the niello particle investigated by 
Jouttijarvi (1995) from the animal- shaped brooch 
from Lindholm Hoje, was of metallic silver, whilst 
the rest was of silver-copper sulphide with the above­
mentioned iron content. It must be presumed that it 
was the uppermost half which was of silver, as pre­
vious surface analyses of the inlays have only re­
vealed silver. Most of the niello investigated during 
this project was however well preserved, including 
the newly-conserved artefacts from Nydam Mose. 
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The situation regarding corrosion and conservation 
should be investigated further in connection with 
new finds. 

CONCLUSION 

Studies of the common features of the artefacts and 
the tool marks seen on them, support the theory 
proposed here with regard to inlaying niello in the 
Iron Age. Through a discussion of the characteris­
tics of the sulphides and the results of the experi­
ments, it has been demonstrated that Iron Age niel­
lo inlaying was in all probability carried out using 
heated sulphides in strip form. On the raised edge 
surfaces, for example between carved ornamental 
reliefs, it would have been impossible to apply sul­
phides in the form of powder or in a molten state. 
Furthermore, silver sulphide is quite unsuitable for 
crushing to powder. 

Silver sulphide is easy to produce from silver, 
which in solid form is exposed to sulphur vapour or 
molten sulphur. Because silver-copper sulphide is 
more difficult to make by this method, it apparent­
ly was produced by fusion, as described by Pliny 
(Rackham 1968). This suggests therefore that the 
changes which the analyses have revealed in niello 
inlays through time reflect corresponding and sig­
nificant shifts in production techniques. 

The fact that pure silver sulphide decomposes 
less readily at high temperatures than niello con­
taining copper, perhaps explains why quite pure sil­
ver sulphide was the preferred material for early 
Iron Age inlay, where the work was carried out at 
high temperatures. From the experiments it ap­
peared that silver sulphide binds closer to the fur­
rows than the silver-copper sulphides. This relation­
ship, as well as the fact that silver sulphide does not 
decompose so readily at high temperatures and is 
quite easy to produce, can be the reason why pure 
silver sulphide was preferred during a substantial 
part of the Iron Age. 

From the middle of the 5th century onwards a sig­
nificant copper content is found in the niello. The 
silver-copper sulphide becomes very pliable, and 
thus suitable for use in detailed inlays, at relatively 
low temperatures where there is little danger of de­
composition. 
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Whilst bronze is unsuitable as an underlay for 
silver-containing niello and has to have a silver coat­
ing applied before it can be ornamented, brass can 
be inlayed directly. With the knowledge we have 
amassed so far regarding the good adhesion of sil­
ver sulphides on gold, it would be interesting in the 
future to conduct a search among Viking Age finds 
for technical parallels to the Jelling beaker with its 
niello inlay over gilt silver. It will also require fur­
ther analyses of Viking Age niello before we are 
able, in collaboration with archaeologists, to eluci­
date the parallel use of silver sulphide and silver­
copper sulphide during this period. 

An explanation for the substantial iron content 
in the niello from Nydam Mose could possibly be 
found by carrying out future analyses of the newly 
found weapon fittings from the bog and other well 
documented niello finds. 

The Iron Age techniques which have been out­
lined here, can also be of interest to present-day 
craftsmen, in the light of reservations concerning 
the health risks associated with the more well-known 
lead-containing niello. 

SUMMARY 

In previous research much attention has been fo­
cused on the nature of niello and the medieval eas­
ily-meltable lead-containing sulphides have been 
thoroughly investigated. The technological investi­
gations described here were inspired by observa­
tions made on archaeological artefacts and by stud­
ies of the literature on the chemistry of sulphides. 
Silver sulphide can be produced by conversion of 
solid silver in molten sulphur, but this sulphide will 
decompose in air before it melts. Even though it is 
possible to produce silver-copper sulphide in the 
same manner, this form of niello was probably man­
ufactured by fusion of the components. The chang­
es through time which the niello analyses have re­
vealed seem therefore to reflect a corresponding shift 
in production techniques. With the practical use of 
the phase diagram Ag

2
S - Cu2S it can be demon­

strated that the encrustation technique, which was 
the technique used in the Iron Age for decorative 
inlaying of metal wire, could also have been applied 
to the inlaying of both silver sulphide and silver­
copper sulphide in a heated state. 

The sulphides bind or react differently with the 
surfaces of different metals, which explains the 
choice of materials for niello-inlaid artefacts. 

Analyses of Danish niello-inlaid artefacts from 
the Iron Age revealed unanimously the same chang­
es in sulphide composition through time, as dem­
onstrated in analyses from other countries. The ar­
tefacts with niello inlay found at Danish sites dating 
from the end of the 5th century until the 7th century 
are related in their Nordic ornamentation and many 
are thought to be inlaid with silver-copper sulphide. 
There is a substantial iron content in the sulphides 
from Nydam Mose, which might be a result of a 
corrosion phenomenon. 

Karen Stemann Petersen 
The National Museum, Conservation Department 
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Dk-2800 Lyngby. 
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Medieval castles and castle mounds on the islands south of Fyn 
The situation after 50 years' archaeological investigations 

by ]orgen Skaarup 

INTRODUCTION 

Castles of the Middle Ages occur all over Denmark. 
About a thousand such structures are recorded, al­
though the original number may well have been sig­
nificantly higher, with some examples having been 
demolished at such an early date that agricultural 
activity in later centuries has erased every surface 
trace of them. 

Despite the facts that excavations have been car­
ried out at some sites - usually only in large and 
historically famous castle ruins- and that the writ­
ten sources concerning the history of the castles have 
been studied minutely, there are still large gaps in 
our knowledge of the construction of castles and 
fortified homesteads in Denmark in the period 1000-
1500. The variety of structures is also wide, from 
rather small, anonymous mottes with traces of a sim­
ple timber building to the Archbishop's massive 
Hammershus. 

Firm information about individual sites is usual­
ly sparse. The written sources provide accounts al­
most exclusively of the royal or episcopal castles, 
and leave the other sites undocumented in respect 
of their date of construction, their appearance, their 
functioning period, their purpose and their owner­
ship. A number of attempts to date these castle 
mounds by typological means, with reference to 
well-dated sites of north-western Europe, have all 
ended in failure as the types in Denmark have 
proved to span a very long period. As a result, it is 

only through a suitably targeted archaeological pro­
gramme that new information about the date and 
use of the castles could be won. Such a programme 
would appropriately concentrate on the ploughed­
over moated sites which are threatened with total 
erasure to begin with, but should also include the 
areas around the castles where in a number of cases 
it has been possible to uncover traces of contempo­
rary buildings. 

CASTLE STUDIES ON THE ISLANDS 
SOUTH OF FYN 

One of the most substantial attempts at a systematic 
examination of all the fortified sites and castle 
mounds within a defined area began on the islands 
south of Fyn fifty years ago. The work is still far 
from complete, but it has nevertheless produced so 
many fascinating results that it is now time to sum­
marize the most important of them. 

There are remains of medieval castles on the three 
largest islands in the archipelago south of Fyn. JEre 
has at least six sites and Tasinge two, perhaps three, 
while Langeland, where in the late Middle Ages 
there were 35 noble seats in addition to Tranekrer 
Castle (Ltitken 1909: 139), produces no less than four­
teen such structures, three of which are still built 
upon (Fig. 1). Archaeological investigations have 
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Dating of features 
.A. c. 1100-1250 
• 1300's 
• c. 1500 
0 undated 

Fig. 1 Medieval castles and castle mounds on the 
islands south of Fyn. 

been undertaken at half of these 23 castles or mottes. 
There is information about the remains of buildings 
or finds recovered in a more haphazard manner from 
five further sites. 

FORTIFIED MOUND AND CASTLES OF THE 
EARLY MIDDLE AGES 

From the early Middle Ages, i.e. the period 1050-
1250, five castles are known at present, three from 
Langeland and two from JEm. The best known of 
these is the still extant Tranekrer Castle in northern 
Langeland, with substantial building-remains from 
the thirteenth century. This castle or fort was men­
tioned as early as the 1230's as Crown property, and 
was probably founded together with the castles and 
fortified boroughs at Faborg, Vordborg and Svend­
borg in southern Fyn recorded in 1229 Qansen 
1973:43) for the purpose of guarding the royal inter­
ests in this part of Denmark. 

Tranekrer was built on a natural hill 9 metres high 
which now has an almost rectangular surface as a 

result of quarrying. The defensive facilities of this 
hill were reinforced by the construction of a moat at 
its foot. A dam west of the castle mound was also 
included in the defensive works as it served to pro­
duce a lake which provided water for the moat as 
well as for the castle mill. This dam also served as a 
barrier for north-south traffic on the island which 
could thus easily be controlled from the castle. 

Of the brick castle from the time of Valdemar, 
the main building to the north and a massive outer 
wall with remains of a guardway to the west still 
stand. In the Middle Ages, however, there were al­
so walls along the south and east sides of the hill, 
completely enclosing the castle site. The early forti­
fications also included a six-storey-high, round brick 
tower with very thick walls which stood in the north­
western quarter of the castle court until the 1640's 
(Fig. 2). Architectural studies of the north wing in 
the 1970's have also shown that this is one of Den­
mark's best preserved palaces of the early Middle 
Ages (Stiesdal 1975). 

While the later history of the brick castle and its 
gradual conversion from a fort and royal adminis­
trative centre to a noble castle is fairly well under­
stood, it was only as a result of archaeological work 
in 1965 that it was revealed that a fortified structure 
had preceded the brick castle on the hill. 

In spite of comprehensive later quarrying of the 
upper surface of the castle mound, it was possible 
here to uncover traces of a dry, V-shaped, east-west 
ditch which apparently divided the hilltop in two. 
At the same time, postholes and remains of floors 
with no brick fragments in the northern part of the 
hill testified to the presence of large timber build­
ings which, on the basis of the potsherds, may date 
to the first half of the twelfth century. Tranekrer 
could, therefore, very well have been founded as 
early as the reign of- perhaps by? - King Niels 
( 1104-1134). 

The investigation of another, presumably royal, 
castle, Seby Volde on JEm, in 1983, corroborated 
the dating of the first phase at Tranekrer. This im­
pressive and very well-preserved moated site is situ­
ated on the southernmost part of a long range of 
hills which stretches northwards out towards the 
dried up Vitse cove. This cove was apparently still 
navigable at the beginning of the eighteenth centu­
ry and, as the museum's excavations in the inner­
most part of the cove show, functioned as an un-
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Fig. 2 The appearance ofTranekrer around the year 
1500. View from the north-east. After a model 
constructed by conservator B. Felsted in collaboration 
with the author. 

Fig. 3 S0by Volde from the air, with the dried-up Vits0 
cove upper right. Photo: H. Stiesdal 1959. 

loading site and harbour for sea-traffic over the west­
ern Baltic as far back as the Iron Age (Skaarup 1979; 
1981). 

S0by Volde consists of three main units (la Cour 
1972:205). Furthest south is an almost trapezoid cas­
tle mound with sheer sides which rises about 10 
metres above the surrounding terrain. The top of 
this mound is enclosed by a strong ring bank, the 
fill of which appears to have been held in place on 
both sides by a substantial plank revetment. A row 
of deep postholes placed at intervals of a couple of 
metres along the inner side of the bank may have 
supported an internal walkway which would have 
enabled the defenders to move their forces around 
more easily under the cover of the rampart when 
under attack. 
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Fig. 4 S0by Volde. Knives, arrowheads, rivets, horseshoe, fish-hook, mount, buckle, chape, whetstone, decorated 
flint nodule and pottery. 2:5. 
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Fig. 5 Soby Volde. Pottery. 2:5. 
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Fig. 6 So by Volde. Large strip-decorated pot and small cup. 2:5. 

Access to the castle was from the north by way of 
drawbridges which lay across a deep, double moat 
with an intermediary bank. Before an attacker 
reached this point it would have been necessary to 
force an outer castle which was defened by a north­
facing, semicircular rampart. A section along the foot 
of the main castle has also shown that the moat con­
tinued around the foot of the mound as a dry ditch, 
2 metres deep and 6 metres wide at the top. A cou­
ple of metres outside of this traces of yet another 
defensive structure were discovered in the form of a 
palisade. 

The very small trial trenches into the surface of 
the main castle produced a significant quantity of 
finds including sherds from at least 75 vessels to­
gether with weaponry and various tools of bone, 
stone and metal (Figs. 4-6). Besides these there were 
some building traces, all of them timber, amongst 
which the foundations of just one building were ful­
ly uncovered. This was the plot of a small log build­
ing of almost rectangular outline (Fig. 7). This build­
ing lay close beside the rampart to the south and 

had its entrance facing the middle of the castle. A 
collapsed furnace and various pieces of smithing slag 
outside the building, together with the large quanti­
ties of animal and fish bone in the floor layer, show 
that the building served the castle's domestic econ­
omy. Up against the rampart to the north there were 
scattered traces of another building, apparently the 
remains of the gatehouse of the castle. A feature more 
than 2 metres deep on the inside of the rampart to 
the west seems, meanwhile, to have served as the 
castle cess-pit initially, before it was filled up and a 
building could be placed on the site. 

Particularly puzzling is the discovery of a row of 
large postholes which seem to cut diagonally across 
the eastern part of the castle plateau. These can hard­
ly be part of a hall structure, however reasonably 
such a structure could be postulated in this place. 
The observations rather suggest that the row of posts 
was placed there in order to divide the inner sur­
face of the castle up. 

Both the pottery, which consists almost exclusive­
ly of the Slavic-influenced Baltic Ware (Liebgott 



Fig. 7 So by Volde. View from the surrounding bank to 
the south with the western part of the small log building 
in the foreground and remains of the long crossing row 
of posts in the background. Photo: J. Skaarup 1983. 

1977:132; 1989:296), and the other finds imply a very 
short functioning period for this large castle. Of im­
portance in this respect are three silver coins struck 
under King Niels, Valdemar Sejr and Erik Plovpen­
ningrespectively, i.e. within the period of 1104-1250. 
The coin of Niels was found deep in the floor layer . 
beneath the small log building. It has no signs of 
wear and thus cannot have been in circulation long. 
There is thus good reason to infer that King Niels 
was the founder of the castle. The few sherds from 
just three or four glazed jugs apparently show that 
Soby Volde was redundant as early as the second 
half of the thirteenth century and had ceased to ex­
ist as a castle. 

The construction oflarge castles such as Tranekcer 
and Soby Volde in the twelfth century ought proba-
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bly to be seen primarily as an expression of the king' s 
desire to defend his kingdom against foreign attack. 
German expansion in the Baltic area and repeated 
Wendish assaults on the population of the Danish 
islands at this time necessitated the raising of a se­
ries of fixed strongpoints along the coasts. What is 
new is that it appears possible to assign the castles 
to a date as early as the reign of Niels. This particu­
lar king's long reign created ideal circumstances for 
strengthening the defence of the realm. 

The royal power did not, however, stand alone 
in attempting to stem the Wendish raids, which ap­
pear only to have been brought to an end with the 
Danish naval victory over Bugislav of Pomerania in 
1184. The hard-pressed rural population on the is­
lands appear, in these circumstances, to have them­
selves attempted to defend their lives and property 
by constructing refuges in which they could shelter 
at times of war. These could be of substantial di­
mensions, such as Gammelborg on Bornholm and 
Virket on Falster, which are mentioned by Saxo in 
connexion with a major Wen dish attack in 1158. Very 
much smaller structures are also known, however, 
which must have been linked to neighbouring ma­
jor farms or have been constructed as a common 
shelter for the occupants of a single village (Eng­
berg 1992; Andersen 1992). Borrebjerg in the now 
dried-out Magleby cove in southern Langeland is 
apparently a good example of one of these minor, 
local defensive works of the early twelfth century. 
So too is Guldborg in central Langeland, a 38 me­
tre-high hill with sheer sides and a surface of a good 
3,000 sq m, where cultivation has produced, amongst 
other things, a silver chain with coins of the late elev­
enth century (Skovmand 1942: 152). A now de­
stroyed structure at Gundesgard, northern Lange­
land, probably also belonged to this group, to which 
in 1996 a hitherto unknown fortified site at Vejsnces 
on JEro could be added. 

The Borrebjerg structure, which was excavated 
in 1946-47, consists of a semicircular rampart about 
120 metres long, raised along the eastern foot of a 
natural hill, 10 metres high, which at the time of 
construction was an island in the innermost part of 
Magleby cove. The area of some 1,100 sq m inside 
the bank contained no structural remains and only 
negligible waste layers, which must indicate that the 
castle was never permanently occupied (Skaarup 
1982). 
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Fig. 8 Alfvini's pendant from Borre bjerg. Photo: 
National Museum. 2:1. 

A section through the barely 3 metres high, now 
severely plough-eroded bank, revealed that it was 
constructed in two phases. The building material was 
grass turf which was stabilized by a row of strong, 
deeply driven oak stakes in the core of the rampart. 
In the first phase there may have been a gateway 
towards the south-west. No moat was considered 
necessary. The waters of Magleby cove appeared to 
the defenders of the castle to offer a reasonable sub­
stitute for any such thing. 

As a refuge Borrebjerg was a failure. The site fell 
twice in the first half of the twelfth century, with the 
defenders either being cut down or taken prisoner. 
The bodies of the defenders during the first assault 
were left on the site, and remained there until after 
a certain interval sufficient means were available to 
rebuild the castle. At this time the semicircular ram­
part was substantially reinforced. On the inside there 
seems to have been a certain amount of clearing up, 
as the now completely disarticulated remains of the 
defenders of the refuge, together with various frag­
ments of their possessions, were gathered together 
and redeposited beneath the fill of the now higher 

rampart. Altogether, the remains of one small child, 
three women, three men and four unsexable indi­
viduals, one of whom was very old, were found here. 
Several more bodies may of course remain in the 
unexcavated parts of the rampart. But not even the 
higher rampart was strong enough to keep the ene­
my out. Another attack sometime around 1140 put 
an end to the existence of this little fortification. This 
time too the slaughtered defenders were left on the 
site, where their skeletal remains were found scat­
tered behind the rampart. Old traditions record the 
ploughing up here of 'many skeletons lying side-by­
side' and a 'terribly long iron sword'. 

The finds from this small refuge comprise Baltic­
ware pottery, weapons, riding equipment, various 
mounts and locks, and a range of personal items and 
tools such a knives, scissors and jewellery. Of espe­
cial interest in respect of dating is a small gilt silver 
pendant with the inscription +ALFVINI MEFECIT 
- 'Alfwine made me' (Fig. 8). Alfvini or Alvvin is 
the same as Erik Emune's English moneyer who was 
active in Lund in the 1130's. This piece is unworn 
and, according to its find circumstances, must have 
been lost during the final conquest of the castle. 

Excavations at the Guldborg motte in 1993-95 
revealed a situation which is reminiscent of that at 
Borrebjerg in several ways. Scattered along the up­
permost part of the sides of the mound and around 
the edge of the its top were various weapons, in­
cluding javelin-, lance- and arrowheads, which bear 
witness to a violent battle at the site (Skaarup 1995; 
1998). In this case too, the castle eventually fell. 
Skeletal material containing the remains of the dead 
defenders, men, women and children, and their 
possessions, was found in a large heap besides the 
remains of the castle entrance close to the southern 
edge of the plateau and scattered inside the burnt 
palisade to the south and east. The distribution of 
the bones indicates that the very casual clearing up 
of the site did not take place before the bodies had 
been completely defleshed. 

Two complete bodies, those of a man and of a 
12-year-old child, buried in a line in front of the gate 
section, seem to have been sacrificed by the victors, 
who hung a flayed horse's head with its skull and 
lower jaw still in situ above the bodies. This votive 
ritual, together with finds of Slavic types of arrow­
head and sheath-mounts, indicates that the conquer­
ers were Wends from the areas south of the Baltic. 



With the aid of several finds of jewellery, the 
weaponry, and a few silver coins, the latest of which 
was struck under Erik Emune (1134-1137), it is pos­
sible to date the dramatic fall of Guldborg to the 
around the middle of the twelfth century: the same 
date as the final conquest of Borrebjerg. 

In 1996 Langelands Museum learnt of another 
fortified site that had been used in the early Middle 
Ages. During the excavation of the site of a four­
teenth-century church dedicated to St. Albert at 
Vejsnces, it transpired that the church was built in­
side an almost completely obscured earlier fortifi­
cation consisting of a V-shaped ditch about 6 me­
tres wide and 3 metres deep with an internal bank 
of about the same dimensions (Skaarup 1997:54f.). 
This fortification was based upon the steep coastal 
bank to the east and enclosed a nearly trapezoid 
area of about 2,500 m 2• On the basis of radiocarbon 
datings of animal bone found at the base of the ditch 
the construction of the fortification can be dated to 
the eighth century. There is, however, clear evidence 
that it was kept maintained both in the Viking Peri­
od and in the early Middle Ages. At the beginning 
of the thirteenth century the structure appears to 
have been equipped with a tower-like brick build­
ing with a ground area of 10 m x 10. Several cross­
bow bolts from this date have been found, the chape 
of dagger sheath, pottery and more. This old fortifi­
cation was superseded only by the construction of 
St. Albert's church alongside the brick building 
around 1300, when the castle site was converted in­
to a churchyard. 

CASTLE MOUNDS OF THE HIGH MIDDLE 
AGES 

While the castle-building of the twelfth century and 
the first half of the thirteenth seems to have been 
very limited in extent, and predominantly the re­
sult of initiatives taken by the royal government and 
the uppermost ranks of society, the turbulence fol­
lowing the end of the Valdemar period and the in­
creasing dissolution of the kingdom led to a verita­
ble avalanche of castle-building in Denmark. This 
development, which apparently meant that every 
landowner with sufficient means fortified his home, 
naturally left its mark on the islands south of Fyn 
too, where various new castles were built in the pe-
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riod. Of the 'old' castles on the islands, only 
Tranekcer remained in use at the end of the thir­
teenth century. The new fortified sites show a wide 
range of variation in respect of form and size, which 
must reflect, inter alia, the economic resources of 
the builders. A general feature, however, is that the 
castles or - as in many cases they ought rather to be 
called - fortified homesteads, were constructed as 
water fortresses: in other words exploiting small is­
lands, headlands or islets in lakes, coastal areas and 
marshlands. These natural defensive facilities were 
sometimes supplemented by the construction of 
moats or palisaded banks, but generally the struc­
tures seem better designed to provide shelter against 
wandering armed bands than to resist a regular mil­
itary seige. 

The structures on Langeland 

At least two of Langeland's still extant manor sites 
can be traced back to the fourteenth century. These 
are Fa.revejle by the innermost part of Henninge 
cove and Skovsgard by the Langeland channel. 
Farevejle is first mentioned in written sources around 
1350 and it appears even then to have been a signif­
icant place. This is also implied by the presence of a 
now demolished, foundation-trenched late-medie­
val main building of several storeys, and traces of 
old ditches and ramparts. 

In the case of Skovgard, the earliest documenta­
ry reference is from 1457. The main building of this 
farmstead lies within a ditched, four-sided, fortified 
site, where a four-winged timber-frame seventeenth­
century building stood until 1887. When this was 
demolished the remains of a large medieval brick 
building were discovered. A round, now severely 
plough-eroded bank surrounded by a ditch in the 
field slightly south-west of the present main build­
ing indicates where the first Skovsgard is to be 
sought. 

This inference was confirmed by a small excava­
tion in 1993, when, with the aid of sherds found, it 
was possible to date the structure to around 1300. 
Ploughing had removed nearly all of the structural 
evidence from the surface of this natural hill about 
6 metres high and measuring about 100m x 110, 
but at its foot traces of a ditch-system could be iden­
tified, doubled in the east, and exploiting a narrow 
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Fig. 9 The castle at K0bingshoved and the two 
K0bings. The stipled lines mark the crossing ditches. 
(After SKALK 1986:3). 

swampy band of water and bog around the hill. In­
side the ditch there appears to have been a now col­
lapsed rampart along the foot of the hill, material 
for which was obtained by quarrying the hill. 

In addition to Skovsgard, the construction of five 
more castle mounds on Langeland has been dated 
to the end of the thirteenth or first half of the four­
teenth century as a result of archaeological work. 
The most interesting of these is the legendary site of 
Kebingshoved which is situated on a long, narrow 
headland stretching northwards into Lindelse cove. 
According to a persistent old tradition, there is sup­
posed to have been a castle or pirate stronghold at 
this site, together with an urban community in the 
nearby field of Kebing that was older than the is­
land's market town ofRudkebing. When the inhab­
itants wished to build a church here they were una­
ble to complete it, and as at the same time the water 
in the cove became so shallow that ships could not 
sail in to the town, the settlement could not thrive. 
The decision was taken to pull down the unfinished 
church and to move both it and the whole town to 
the place where Rudkebing church and town now 
stand. Thus the legend. The excavations of 1947-48 
told a different story, at least in respect of dating. 
The moated site itself had been fairly extensively 

Fig. 10 K0bingshoved. Part of pilgrim badge for the 
Dutch saint Servatius, venerated in the town of 
Maastricht. End of the 13th century. 

dug away, and the top surface, where wall remains 
had been found on several occasions in previous 
centuries, was, in consequence, not included in these 
excavations. 

The moated site occupied the highest part of the 
originally about 800 metre-long and up to 150 me­
tre-wide headland (Fig. 9). Cutting across this point 
three ditches about 5 metres wide at the base were 
dug. The northern ditch cuts the moated site off from 
the mainland to the north. South of this there is a 
small, almost square bailey which is about 4 metres 
higher than the ditch. South of this bailey is the mid­
dle ditch, and south of that the main castle, the sur­
face of which lies about 7 metres above Lindelse 
cove. The main castle measures about 70 m x 30 
and is divided from the lower part of the headland 
in the extreme south by yet another transverse ditch. 
Along the foot of both the bailey and the main cas­
tle there is a row of deeply driven heavy oak stakes 
which were presumably placed there to reduce the 
natural erosion of the castle mounds at high water. 

Access to the castle was across two bridges from 
the north. The heavy supporting posts of the south-
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Fig. 11 Kalveborg from the air viewed from the south. Photo: H. Stiesdal 1966. 

ern bridge were found in situ and are preserved in 
the fill layers of the rampart. The layers in both ditch­
es were rich in finds: food remains, sherds from bro­
ken pots, various wood and bone artefacts includ­
ing one complete yew-wood bow, various shoes and 
leather fragments, and a number of coins. Amongst 
the more unusual finds are a small silver stylus and 
a Dutch lead pilgrim's badge (Fig. 10). On the 
strength of the finds the functioning period of the 
castle can be identified as the first decades of the 
fourteenth century. 

North of the bailey the headland becomes some­
what wider, and forms two low hills, called the Town 
Site, or Back and Front Kobing. These are separat­
ed from the northernmost part of the headland, 
Svinglen, by means of a now partially refilled trans­
verse ditch. Traces of another ditch may be discern­
able between Back and Front Kobing. The remains 
of three old road dykes lead from the Klces0 penin­
sula across the inner, low section of the dammed-up 

cove east of Kobingshoved out to Svinglen and the 
castle. 

In earlier times, large quantities of stone and waste 
have been dug out and carted away from the Town 
Site, and there are many reports of the finding of 
sherds, medieval brick and iron slag associated with 
quadrangular and rectangular stone pavements. In 
the excavation of 1948 the destruction of the old 
settlement area proved to have been so extensive 
that only a few coherent structural remains could 
be recorded in the form of rubbish pits, a well, post­
holes, and individual damaged pavements which 
must represent floors and paved slipways. The finds 
of pottery and common utensils have since been 
added to by a large quantity of metal-detector finds, 
including a number of coins, whose dating from the 
end of the thirteenth century to the middle of the 
fourteenth locates the settlement within the same 
date-range as the castle. 
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Fig. 12 Kalveborg. The refilled ditch with pieces of 
timber in the foreground. In the background the 
drawing of a section through the northern part of the 
semicircular rampart. Photo:]. Bech 1983. 

The background to the construction of the castle 
and the small defended settlement on the headland 
north of it is perhaps to be sought in the political 
circumstances that arose in 1326 when the influen­
tial seneschal Laurids Jonsen Panter, through the 
alliance between Duke Valdemar and Count Gert 
against Christoffer, was granted Tranekrer (and 
Langeland) together with £m as his fief. It must 
have been of particular importance for Lauridsjon­
sen to maintain a secure connexion between his two 
possessions. On Langeland, the natural harbour in 
Lindelse cove provided the best embarkation point 
for navigation to £m. It is therefore reasonable to 
postulate that Laurids J onsen was responsible for 
the fortification of the Kebing area, and that part of 
the island's trade, as long as the site was active, was 
drawn to this site. 

Kalveborg, by the south coast of Langeland, is a 
small, very much ruined castle mound, the dating 
of which was first established by a study carried out 
in 1983. The mound stands right above the Baltic 
and consists of a natural oblong hill about 6 metres 
high which has been transformed into a small motte­
like fortification by quarrying. The hill was a virtual 

Fig. 13 Lykkesholm. The surviving foundations of the 
largest of the brick buildings on the castle mound. Left, 
the bottom layers of the walled entrance staircase in the 
southern wall. Photo: J. Skaarup 1988. 

island at the edge of a shallow lagoon (Fig. 11). Its 
north-eastern part was separated from the rest by a 
wide, trough-shaped cross-ditch and was used for 
the construction of a rampart about 10 metres wide 
and still 1.5 metres high which forms a small, irreg­
ular circle east of the castle mound and about 12-15 
metres from its foot. The bank was built of grass turf 
and morainic soil (Fig. 12). The area between the 
rampart and the castle mound served as a broad, 
flat-bottomed moat only 80 em deep. 

There are no finds from the castle mound, the 
small, now nearly completely eroded surface of 
which could scarcely have afforded space for any­
thing more than a simple timber defensive tower. It 
was probably remains of this, or of a wooden bridge 
across the ditch, which were found during trial ex­
cavations in the moat in 1983. Since the other finds, 
a few animal bones and a couple of undiagnostic 
body sherds, provided no basis for close dating, the 
museum had to refer the question to Skalk's den­
drochronological laboratory. Here it was possible 
to establish that the wood for the construction was 
felled after - but not long after - 1326. The small 
castle structure, which seems only to have been 
meant to serve as a temporary refuge in times of 
trouble, can thus, as many other castles all over 
Denmark, be associated with the state of civil war 
that followed the death of Christoffer II in 1332 and 
the efforts of his successor, Valdemar Atterdag, to 
unite the divided kingdom by armed force. 



Fig. 14 Lykkesholm. Knives, bolt, chape, arrowhead, 
pin, mount, buckles, awl, spindle whorl and pottery 
from the two brick buildings. 2:5. 
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Fig. 15 Lykkesholm. Unglazed oxidized jug from the 
burnt brick building. Photo: S. Botfeldt. 1:2. 

In 1987, the mound of the medieval manor of 
Lykkesholm was identified in southern Langeland, 
a site first mentioned in surviving sources in 1459 
(Trap 1957:971). The site was formed of a natural, 
now cultivated, hill of a rounded and slightly ovoid 
outline. A small spit of land links the south-east of 
the hill with the surrounding land. Ploughed-up re­
mains of a stone-paved roadway on the spit and to 
its south evidently represent the original access to 
the homestead, which must here have been guard­
ed by a palisade. 

On the northern part of the mound the remains 
of three buildings were uncovered, together with 
various pits and wells. Two of the buildings are thir­
teenth- or fourteenth-century while the third, and 
the most poorly preserved, is from the Late Middle 
Ages. At the top of the hill lay the well-preserved 
rock-built cellar of a brick building measuring about 
8 m x 8 with a square ground plan. The remains of 
a walled entrance staircase were preserved in the 
southern wall (Fig. 13). On the basis of coin finds, 
the construction of this building could be dated to 
the second half of the thirteenth century. In the mid-

Fig. 16 The brick building at Reigned during 
excavation. Photo: T. Bech 1990. 

dle of the fifteenth century a fierce fire had brought 
this phase of use to an end. The brick building ap­
pears to have served as the owner's residence 
throughout its functioning life, while he also, natu­
rally, had at his disposal other buildings of less du­
rable material. Rich finds in the house site, of pot­
tery, food remains, various metal tools, jewellery, 
and some weapons and coins, clearly illustrate this 
point (Figs. 14-15). 

About 18 metres east of the burnt building, the 
foundation of another thirteenth-century brick build­
ing measuring 6 m x 6 was discovered. This site con­
tained large quantities of pottery, faunal remains, 
and a number of metal, bone and antler artefacts. 
These finds, which also include several coins, date 
the functioning period of the building to the thir­
teenth and fourteenth centuries. These two build­
ings seem to have been totally superseded by a Late­
medieval timber-framed building which may have 
remained standing right up until the abandonment 
of Lykkesholm as a major court by Kaas family in 
1689. 

In 1990, only 800 m east of the hall of Egel0kke 
in northern Langeland, Langeland Museum exca­
vated a large part of the newly discovered castle 
mound left by the manor of Heigned, abandoned 
after a fire around 1715 (Trap 1957:948). The 
ploughed, slightly ovoid castle mound was surround-
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Fig. 17 Reigned. Knives, harpoon point, lamp stand, key, scissors, fragments of metal cauldron, decorated ceramic 
lids and pottery. The lids and cauldron fragments are unstratified finds from the castle mound; the other objects 
were found in the brick building. 2:5. 
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Fig. 18 14th-century seal found outside the entrance to 
the small brick building at Heigned. 2:1. 

ed by natural ditch-like hollows which were supple­
mented to the west by a low boundary ditch. The 
fortified site proved to contain the remains of vari­
ous buildings, most of them, however, late and se­
verely plough-damaged. Best preserved was the cel­
lar of a High-medieval brick building on the eastern 
side of the hill. This small, almost tower-like build­
ing had a square ground plan measuring 6 m x 6 
externally. The lime-covered boulder wall of the 
cellar was intact to a height of 1.5 m. In the north­
ern wall a walled entrance-way was found with the 
frame to an internal door and a medieval brick floor 
in the entrance opening that was only 1 m deep and 
1.1 m wide {Fig. 16). North of this an access pit with 
a simple stone stairway and traces of a timber-framed 
side building was uncovered. The date of construc­
tion of the brick building can be dated to the first 
half of the fourteenth century on the basis of vari­
ous coins and domestic implements {Fig. 17). The 
building appears to have been pulled down at the 
end of the Middle Ages. Amongst the more unusual 
finds from the building is a well-preserved seal of 
the fourteenth century {Fig. 18). The seal bears a 
previously unknown coat of arms in the form of a 
stylized oak tree and the inscription * S'OLAF {?) 
EAM{?) ALVINCNC. Herr Olafmayverywellhave 
been the builder of the house. 

Although unambiguous evidence in the form of 
datable finds from excavation is still lacking, there 
is no doubt that the majority of the other, so far un­
discussed castle mounds of Langeland will, through 
future investigation, prove to have been construct­
ed in the late thirteenth and fourteenth centuries. 
Hovgard at Bestrup and the now almost completely 
levelled Hoborg near the northern point of the is­
land both belong to this group. 

Hoborg, like Kalveborg and Kebingshoved, is 
situated on a coastal hill. The very prominent castle 
mound was still about 6 metres high in the middle 
of the last century and had four-sided outline and 
steep sides. It was enclosed by a double ditch on the 
land side. Rows of heavy driven stakes guarded the 
sea side against erosion. Fragments of brick and bro­
ken walling have been found on the hill. According 
to local tradition the site is supposed to have been 
very much haunted at night time, with the sound of 
wagons and flaming torches! A small excavation in 
May 1998 confirmed the construction of the site with 
a double ditch and gave finds from the fourteenth 
century. 

Hovgard, further south, which is recorded under 
the name of Fcebcekgard as early as 1416, was also 
surrounded by a moat. On the much quarried main 
mound of Hovgard there was reportedly a stone or 
medieval brick building with foundation trenches. 
Hovgard was also owned, at the beginning of the 
sixteenth century, by Christian II's famous gover­
nor Seren Stampe {Trap 1957:948). 

Castle mounds on /Era 

On lEm, in addition to the earlier medieval Seby 
Volde and the newly discovered fortified site at St. 
Albert's churchyard, Vejsnces, there are four known 
High-medieval castle mounds, one of which, Bor­
revold or Stylteborg at Borgnces, collapsed into the 
sea leaving no trace behind. None of the sites on 
JEm is referred to in contemporary documents. 

The site of Absalon's Fort on the eastern side of 
the wide Grasten cove was investigated by Lange­
lands Museum in 1995. The now totally levelled 
castle structure was described in 1781 as 'a four-sid­
ed fort with a double ditch and bank within which 
there anciently stood a four-cornered tower which 
is believed to have been constructed on the direc­
tion of Bishop Absalon in order to keep watch for 
pirates'. The investigation demonstrated that the 
central part of the structure consisted of a small, al­
most rectangular, castle mound, measuring about 18 
m x 35, upon which were found traces of a very 
solidly built, tiled central tower of timber. The tow­
er had a ground area of 6.5 m x 7. South of the tow­
er a plank-built well and a set of heavy, deep-plant­
ed oakwood posts which probably represent a 



(draw)-bridge were discovered. The southern foot 
of the hill was marked and reinforced by a row of 
slender driven beechwood stakes. The castle mound 
proved to have been surrounded by a double ditch, 
triple in the west, with banks in between the ditch­
es, now completely levelled. The inner ditch was 10 
metres wide and round-bottomed, the outer ditch 
5-8 metres wide. The large and diverse assemblage 
of finds, including about 125 coins, appears to as­
sign the structure to a brief but intensive period of 
use in the first half of the fourteenth century. 

By the western shore of Gn\sten cove and direct­
ly above the Baltic lies the castle mound of Gn\sten 
Fort, consisting of two, small, four-sided mounds 
connected by a dyke (Olsen & Bang 1992: 143). This 
structure has a low position, surrounded by a marshy 
coastal meadow in which, as at Absalon's Fort, the 
remains of double and triple ditch-systems with in­
termediary banks can be seen. Apart from a section 
trench through the dyke no investigations of this 
castle have been made, and there are no known finds 
by which it can be dated. In 1983, a storm revealed 
a triple row of heavy, deep-driven oakwood stakes 
which were manifestly intended to protect the ex­
posed sea side of the castle against marine erosion, 
as at Hoborg and Kebingshoved. A dendrochrono­
logical analysis of the stakes carried out by the Na­
tional Museum's department of Scientific Investiga­
tions in 1996 dated them to the middle of the four­
teenth century. On the basis of its close relationship 
to the neighbouring Absalon's Fort the date of con­
struction of Gn\sten Fort should, however, be put at 
the beginning of the fourteenth century. 

The last of the castle mounds on LEm, Barret, or 
Kongens Bakker (the King's Hills), is situated west 
of LEmskebing on a small headland in Stokkeby 
cove. The heavily quarried and eroded castle mound 
consists of a hill measuring 70 m x 70 with the re­
mains of a low bank around the edge and surround­
ed by ditch behind a rampart. The form of the cas­
tle mound, and the occurrence of brick fragments, 
indicate a date in the fourteenth century. 

Castle mounds on Tdsinge 

The most important castle on Tasinge throughout 
the Middle Ages was the strongly fortified site of 
Krerstrup (Olsen & Bang 1992:86), the mound of 
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which is in the north-eastern area of the island. 
K~rstrup had a four-sided main castle mound sur­
rounded by deep moats, with a substantial but ex­
tensively plough-eroded bailey with a storeyard to 
the north, originally also enclosed by ditches. The 
castle is first mentioned in 1387, when it was in the 
possession of the Crown. Eight years later Queen 
Margrethe granted it to the diocese of Fyn, which 
kept the castle up to the Reformation when it re­
turned to the Crown. In the 1620's Christian IV had 
the old castle pulled down. 

Another medieval castle was sited in Horseskov 
by the north coast ofTasinge. This structure, which 
has now been completely levelled, was guarded by 
a ditch and bank on the land side. In the 1820's 
substantial cellar walls from a small, foundation­
trenched building could still be seen on the castle 
mound. The remains of the storeyard of the castle 
and a demolished watermill are reported to have 
been discovered near the castle mound. No finds 
are known from the castle, which is believed to de­
rive from the fourteenth century. 

There may have been yet another fortified site 
on the north coast of Tasinge, as a small tongue of 
land which projects into Svendborgsund has been 
separated from the land by a cross-cutting ditch. The 
site is called Saksenborg (Saxon Castle). It has not 
been excavated and is undated (Olsen & Bang 
1992:89). 

CASTLE MOUNDS OF THE LATE MIDDLE 
AGES 

On the back of Valdemar Atterdag's long and per­
sistent campaign to capture all of Denmark, by fight­
ing, as it were, from castle to castle, it was finally 
possible, in the 1360's, to bring the dissolution of 
the state to an end and to re-establish strong central 
authority. His daughter Margrethe (I) shrewdly con­
tinued his policy of consolidation. She did not sim­
ply fight over the castles but rather organized things 
so that they came into her possession by inherit­
ance or purchase, and then had them demolished. 
By 1396, Margrethe had things so thoroughly un­
der control that she could issue her famous decree 
forbidding all private castle-building (Olsen 
1986:88). This ban seems to have been enforced, 
and even though it was lifted in King Hans's coro-
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nation charter of 1483 the new aristocratic residences 
which were constructed on the islands south of Fyn 
in the fifteenth and sixteenth centuries clearly show 
that the islands' noble families were then expecting 
more peaceful times. Egeh,kke and Nedergard on 
Langeland, for example, both of which are men­
tioned as noble seats for the first time in the fifteenth 
century, were apparently never fortified. In those 
cases where newly built noble houses were surround­
ed by moats, as at Skovsgard on Langeland or Duke 
Hans the Younger's S0bygard in a vale below S0by 
Volde on 1Em, the function of the moat was evi­
dently to impress and to demonstrate the owner's 
stature rather than to provide defence. 

The nobleman's home in the Late Middle Ages 
was often constructed as a timber-framed building 
of three or four lengths (Olsen 1981). An example 
of a late, unfortified building of this kind has been 
studied at Navnegarden, southern Langeland. On a 
small headland which stretches out into Humble 
Alemose the foundations of a substantial four-length 
timber-framed homestead from about 1500 were 
excavated in 1985-86. The southern wing contained 
the well-preserved remains of a rock-built cellar 
measuring 7 m x 4 with a stone-tiled floor and a 
walled entrance facing north. This farmstead has not 
been definitely identified in the written sources. It 
may be the same site as a squire's homestead which 
is referred to in Helsned as early as the fifteenth cen­
tury (Trap 1957:968). It is remembered locally as 'a 
pirates' castle' occupied by a family called Erland­
sen. According to the tale, two maids from the house 
are supposed to have been murdered early one 
morning on their way to the service in Humble 
church (Ltitken 1910:39). 

SUMMARY 

The reference to this minor aristocratic residence at 
Navnegard in folk tradition is in many ways typical 
of the important and persistent role the castle 
mounds play in the popular imagination. Similar 
legends and stories about fierce pirates, proud wom­
en and cruel barons are linked to these grass-clad or 
ploughed-over castle mounds virtually all over Den­
mark, where now, on the whole, only place names 

ending in -slot or -borg lfort and castle) bear witness 
to buildings long gone. 

With the results to date of the investigations of 
castle mounds south of Fyn an important step has 
been taken, in this area at least, towards retrieving 
the castle mounds from the realm oflegend. On sev­
eral points it has been possible to supplement or 
improve our knowledge of medieval castle-building. 
Here one thinks especially of the early datings of 
the presumably royal structures at S0by Volde and 
Tranekrer, and the refuges at Borrebjerg and Guld­
borg, although also of the evidence for thirteenth­
and fourteenth-century brick buildings on the small 
private castles at Lykkesholm and Reigned, and the 
small urban community in the lee of the castles at 
K0bingshoved and S0by Volde. 

The investigations have also emphasized the need 
to see the project through to the end. Several of the 
castle mounds are threatened with complete destruc­
tion through cultivation or coastal erosion, and in 
these cases surveying, sectioning and trial trenching 
needs to be undertaken without delay ( cf. also Erics­
son 1993:272; Andersen 1992:30). Such well-thought 
out and necessary work is in no way 'premature ar­
chaeological intervention' but simply reflects the 
reality of the situation, in contrast to the recent com­
placent assertion that 'the Danish castles are lying 
secure and well guarded by the Protection Act' (Lieb­
gott 1993:24). To put it mildly, this is a reckless ap­
proach to the truth, and in the case of the archipel­
ago has no basis in reality. Here, therefore, efforts 
are still being invested in limited investigations of 
all of the medieval castle mounds of the area. Only 
when this work has been completed will it be possi­
ble to produce a comprehensive overview of the 
architectural history of the castles, their relations with 
one another, and their function in medieval society. 
The significance of this will also extend far beyond 
the islands of the archipelago south of Fyn. 

Translated by john Hines 

Jorgen Skaarup 
Langelands Museum 
Jens Winthersvej 12 
DK-5900 Rudkobing. 
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Tdrnby- a farm of the period 1100-1800 
An analysis of the medieval farm 

by Mette Svart Kristiansen 

INTRODUCTION 

The development of both the structure of the medi­
eval village and that of the plan of the farm in Den­
mark are practically unknown. Studies of the vil­
lage in the High and Late Middle Ages have not 
been a high priority. This is partly because research 
effort has been directed by preference towards the 
new types of site appearing in the Middle Ages -
market towns, castles, churches and monasteries -
and partly because of the unfavourable conditions 
for the survival of relevant evidence from this peri­
od. At the beginning of the High Middle Ages build­
ings whose constructional elements rested on the 
ground were introduced in place of the older build­
ing practices using earth-fast posts. There was, how­
ever, no comprehensive replacement of the older 
building style, and the use of earth-fast posts contin­
ues to a certain extent right through the Middle Ages. 
Sites at which the new way of building was used are 
archaeologically intractable. Where the farms were 
moved out into the fields after the agricultural re­
forms of the eighteenth century, the medieval vil­
lage site was exposed to cultivation, resulting in the 
plough erosion of building remains and severe dam­
age to the sites. Thick culture layers remain well 
preserved beneath those villages which retained the 
old village structure, but excavations here are finan­
cially as demanding as in towns, which unfortunately 
often limits the scope of investigation. 

In 1993 and 1994, in advance of the construc­
tion of the motorway spur to the Fixed Link to Swe­
den, the Copenhagen County Museum Council un­
dertook comprehensive work in the middle of the 
medieval village of Tarnby on the island of Amag-

er. 1 This is the first major study of a farm of the High 
and Late Middle Ages since Steensberg's extensive 
investigations of the 1940's and 50's. Concurrently 
it has been possible, for the first time in Denmark, 
to trace a complete farm unit from its foundation in 
the earlier Middle Ages to its abandonment in fa­
vour of another building pattern in the mid-nine­
teenth century, thanks to a lucky combination of the 
size of the excavated area and the good state of pres­
ervation of the cultural deposits. Best preserved is 
the medieval farm plot, which has probably been 
uncovered to its full extent. In this article, selected 
results of the excavation will be presented, with par­
ticular emphasis on a discussion of the farm unit at 
Tarnby and special attention to the Middle Ages. 

TARNBY VILLAGE IN THE MIDDLE AGES 

Topography 

The village of Tarnby now lies in the middle of the 
island of Amager. The present extent of the island 

The excavation known as 'Tamby Torv' hasj.nr. S0L 457. 
The excavations were finaced by 0resundsforbindelsen A/S. 
The site director was district archaeologist Dr. D. L. D. Mah­
ler. The supervisors in 1993 were mag. art. P. S. Schiellerup 
and stud. mag. M. S. Kristiansen; in 1994 cand. phil. T. Ro­
land and M. S. Kristiansen. Field assistants in 1994 were stud. 
mag. H. Rensbro, stud. mag. U.Johansen and cand. mag. L. 
Trabjerg. The excavation team was one of 8-9 in 1993 and 
up to 18 in 1994. 
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Fig. 1 Map of Amager in the eighteenth century. 
Ta.rnby village (star) lies on the boundary between the 
moraine and the coastal meadow (stippled). To the 
north lies Copenhagen and to the south Dragor 
(triangle). Other villages and settlements are marked 
with circles (after Kristiansen et al 1994). 

is, however, very much the product of a major dyke 
programme undertaken during the Second World 
War on the western side of the island, which creat­
ed Amager Common in its present form. In the Mid­
dle Ages, Tamby, located on the moraine area im­
mediately adjacent to the old shore line of the Litto-

rina Sea, would have lain in a quite differently at­
tractive and central position for the exploitation of 
various resources, with the extensive, low-lying com­
mon and coastal meadow areas to the west and the 
fertile morainic zone to the east some 3-5 m above 
sea level (Fig. 1). Before the modern dyking, the sea 
shore lay about 1.5 km west of Tarn by. The charac­
ter of the coastal zone presumably varied with the 
seasonal water leveF 

This coastal position was probably not without 
its problems. Storms would have driven water from 
the Baltic up through the 0resund and the shallow 
Kalvebodeme (the channel between Zeeland and 
Amager), possibly causing flooding. In what would 
then have been the coastal zone, now within the 
enclosed area, one can still see the dykes which pro­
tected the lands behind them. The dating of these 
dykes needs to be determined by archaeological 
means. In addition to protecting the village itself, 
the dykes should also perhaps be regarded as a 
means of enclosing additional meadowland. 

The village of Tdrnby in the Viking Period and the 
Middle Ages 

The suffix -by indicates a Viking-period origin for 
the village, and in the former medieval fields imme­
diately east of the village, along the line of the mo­
torway, traces of a Viking-period settlement of the 
ninth and tenth centuries were discovered. The char­
acter of this settlement is not known. It may have 
been no more than a single farmstead, or perhaps 
have consisted of dispersed farmsteads (Fonnesbech­
Sandberg, in Kristiansen et al. 1994:29ff.). A cop­
per-alloy pendant in the Borre Style was found in 
1939 in the area north of the present Tamby Torv, 
possibly indicating the site of a cemetery. 

Tarnby village (Fig. 2) is first recorded in 1135, 
when King Erik Emune granted the church in Lund 
a landholding in Thornby (Weibull 1963: DD, I, 2, 
no.63). This must imply that the king held some of 
Tarnby if not the whole village. Whether Tarnby 
were in the possession of the Hvide family, or were 

2 The area was trial trenched with a view to localizing coastal 
settlement and the old shoreline. No settlement traces were 
found. However the coastline was discovered over a distan­
ce of about 100 metres: trial excavation report S0L 412. 



TARN BY 1803/1811 

KEF 89 

Fig. 2 Composite map from the survey of 1803 and an 
extract from the official survey map of 1811. The 
buildings are marked as on the 1803 map, and the farm 
numbers (corresponding to the survey numbers of the 
Land Survey of 1688) are marked with roman 
numerals. New survey numbers are marked with arabic 
numerals. East of the village can be seen the toft fields 
of the farms. The three original village ponds are 
dotted in. Excavation S0L 457 is stippled (after 
Kristiansen et al. 1994). 

part of Valdemar the Great's comprehensive grant 
to bishop Absalon, is unknown, but we do know 
from repeated evidence in the papal confirmations 
of Absalon's own grant to the bishopric of Roskilde 
in 1186 and 1193, that Absalon owned both 'the man­
or of Borgby with its appurtenances' (Nielsen 1872: 
KD, I, no.l) and 'the church on Amager' (Nielsen 
1872: KD, I, no.3). Neither the manor nor the church 
are directly associated with Tarnby in the sources, 
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but both are unquestionably to be assigned to the 
village. 

In the Land Book of the See of Roskilde, we find 
information that the village of Tarnby consisted of 
four land holdings - a piece of information which is 
reflected, indirectly, in the Land Survey of 1688. 
Unfortunately, Tarnby is referred to only in the un­
specified lists of the Land Book, and the size of the 
individual farms is not given, nor the number of units 
(Christensen 1956:134, 154). In 1518 '12 farmers' are 
recorded, a figure which must represent the number 
of farms. In the 1688 census there is information 
about the number of farms and their size. At this 
date Tarnby again comprised twelve farms (camer­
al units), referred to as whole, three-quarter and half 
farms (Frandsen 1983:49ff.). 

Use of resources 

Tarnby lay centrally placed for a balanced and pro­
ductive economy. The flat land between the coast 
and the morainic clay with its rich grazing was a 
precious resource to the farmers. There was also 
access to extensive shallow water areas offering rich 
scope for net fishing and trapping. The fish bone 
from the excavations reveals the great importance 
of coastal fishing (Enghoff, in Kristiansen et al. 
1994: 106ff.). 

The medieval fields lay east of the village on the 
even morainic land surface. The agricultural area 
belonging to Tarnby village (Frandsen 1983:49ff.) 
was assessed in the Land Survey of 1688 as 314 tonder 
of land (1 tonde = 1363 acres), including 55 tonder 
belonging to the priest, so the cultivated land be­
longing to the village was not particularly large. The 
twelve farms enjoyed, however, particularly high 
yields per unit land. The morainic soil is of excep­
tionally good quality, and with access to grazing 
outside the fields it would have been possible to cul­
tivate the fields using a permanently cultivated in­
field system (alsmdebru?). In the Land Survey of 1688 
cabbage gardens of striking size are noted. How far 
back in time such extensive garden cultivation might 
go we do not know. In more recent times the ani­
mal stock was of great importance to the village econ­
omy, as was undoubtedly the case in the Middle 
Ages. 
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Tiirnby was ideally situated to trade agricultural 
produce, 5.5 km from Copenhagen and 6 km from 
Drag0r. The former, as one of the most important 
harbours of Zeeland and later the meeting place of 
the national government, and the latter, as one of 
the poles of the Baltic herring markets, must have 
been exceptionally good markets. 

THE FEATURES EXCAVATED 

The excavations 

The excavations revealed a wide variety of features 
in the subsoil as well as large quantities of settle­
ment detritus in the culture layers. The strategy of 
excavation was governed by the standing buildings 
in the area which were only gradually vacated and 
demolished. The area of a total of 7,491 sq m was 
therefore divided into two main areas, of which the 
first 1,371 sq m were excavated in 1993 at the north­
ern end of the site. Here, the northernmost part of 
the medieval farm site was revealed. The remaining 
6,120 sq m were excavated in 1994, including the 
remainder of the farm site. The method of the trial 
excavation, in trenches with baulks, proved not to 
be ideal for the very complex sequences of layers 
encountered. In 1994 the method was therefore 
changed to one of areal excavation without systems 
of baulks, with the preliminary trial excavation re­
vealing only the extent of the latest culture layers. 
In 1994 the investigation of building grounds from 
more recent times was also given a more significant 
place in the objectives of the excavation, while the 
medieval remains had been given priority in 1993. 

The area where the buildings were concentrated 
was excavated stratigraphically. The culture layers 
consisted of, amongst other things, sequences of 
buildings 40 to 70 em thick. Typical of the site to the 
west and south of this was a homogeneous layer of 
soil 1.5 m thick and the remains of more recent ac­
tivities. After trial excavation and on the basis of 
the experience of 1993, these areas were excavated 
down to the subsoil in 1994. An extra network of 
trenches was laid out south of the building plots, 
and excavation down to the subsoil was not under­
taken before the clearance of modern soil, as the 
map evidence of 1803 suggested the possibility of 

eighteenth-century remains on the ground here. 
With a few, fragmentary exceptions, these only sur­
vived in the subsoil. 

Account of the features 

In the subsoil about 1,280 features of various char­
acter were found (post-holes, trenches and pits). 
From the post-holes several stretches of fencing and 
two (perhaps four?) post-built buildings can be iden­
tified. These buildings are probably to be dated to 
the twelfth century. The most conspicuous aspect of 
these features is the large number of trenches, espe­
cially in the centre and the south-eastern area of the 
site. These trenches are of varying character and it 
appears possible to distinguish different types. The 
groups of trenches seemingly derive from the 
twelfth/thirteenth and sixteenth/seventeenth centu­
ries. 

The foundations of 29 completely or partially 
preserved buildings from the thirteenth to eighteenth 
centuries were recorded in the culture layers. With 
just a few exceptions, the buildings are divided be­
tween a northern group on the farm site and a south­
ern one. There were in addition fragments of what 
are thought to be patches of floor- and rubbish-lay­
er sequences, and part rows of sill stones, predomi­
nantly of more recent times, possible earth cellars, 
14 dated and 6 undated wells, etc. The majority of 
the features are interpreted as the central part of a 
farmyard which remained in the same place within 
the toft. 

The small finds are quite limited and include 75 
kg of pottery, 140 kg of faunal remains, small per­
sonal items, various iron and wooden objects includ­
ing tools and a unique piece of a hook ard, and wood 
from re-used ships' timbers and buildings. 

THE MEDIEVAL FARM UNIT 

Comparative material 

The geographical location of medieval farms, their 
resource-governed economy, and the social status 
of the inhabitants, must have affected the layout of 
individual buildings in one way or the other, of the 
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Fig. 3 Plan of all the features in the subsoil and selected features in the culture layers. R: recent cellar. Immediately to 
the east of the excavated area lies Englandsvej, the old village street. Drawn by TR/MSKIJP 1995/96. 

number of buildings and of their position in rela­
tion to each other both close by and at a distance 
from the main farmstead. At the moment the evi­
dence from Denmark is neither quantitively nor 
qualitatively sufficient to shed light on this issue. The 
few excavations that have hitherto uncovered sig­
nificant parts of a farm unit of the High or Late Mid­
dle Ages have been of limited extent, either because 
they were rescue excavations or because of the ex-

cavator's particular goals; or the remains of the set­
tlement have been severely truncated by subsequent 
ploughing. In no case, in consequence, has it defi­
nitely been possible to expose a complete farm site 
or farm toft3. 

The excavation at Tamby apparently shows us a 
complete farmstead (the built area of the farm toft). 
The main parts of the toft have been uncovered too. 
The western limit of the toft is not known but its 
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southern limit is defined by several physical features 
and its eastern limit by the village street, now Eng­
landsvej. Less certain, however, is its northern ex­
tent. In the following, the terms toft and toft-bounda­
ry refer to the farmyard toft and not the toft field 
(the 'croft'). 

The delimitation of the Tdrnby farm 

On the whole, the buildings can be described as well 
preserved, although there have been disturbances. 
A large modern cellar in the centre of the farm area 
has removed culture layers down to the subsoil in 
an area measuring 150 sq m. West of this cellar the 
later culture layers of the seventeenth and eighteenth 
centuries have been dug away. These interventions 
evidently did not affect the medieval culture layers 
as these follow a slight dip in the terrain. 

The building grounds reveal a high degree of 
continuity of location (Fig. 3) represented by up to 
five consecutive buildings. With a few exceptions 
from more recent times, the building plots are con­
centrated within an area measuring 1,350 sq m. Ar­
chaeologically, continuity of building is revealed by 
two mounds in the northern and southern parts of 
the farm area produced by sequences of floors, an 
impression which is further enhanced by a slight dip 
in the subsoil between these two areas. There is no 
matching growth of layers over a substantial area 
around the buildings, probably because of the con­
sistent use of waste from the farm to manure the 
small but efficiently cultivated land of the village. 
Because of the lack of clearly defined external lay­
ers it has not been possible to link the northern and 
southern settlement clusters by stratigraphic means, 
although a phasing yields some idea of contempo­
raneity between the buildings. 

Most of the remains of the buildings lie together 
in the middle of the eastern half of the excavated 

3 Sites of the High and Late Middle Ages where large areas of 
a farm site have been uncovered are: Hejninge (Steensberg 
1952; 1986); Pebringegarden (Steenberg 1952); Store Valby 
(Steenberg & Christensen 1974); Tangen (Stemm 1976); 
Astrup (Jeppesen 1982; 1983); Poghej (Mejdahl1987); Klem­
menstrup (Rasmussen 1990);Jens Kusks Vej, Tj<ereborg (Sie­
men 1991); Todderup (Hoff &Jeppesen 1994); 0sterbyvej, 
Tj<ereborg (Siemen 1991). 

area while the wells and cellars are spread out over 
a slightly larger area, albeit still in the eastern half of 
the site. All of the features are thus, with the excep­
tion of a few later wells situated on the clay moraine 
right out to a slight fall in ground level running north­
south. This is particularly evident at the northern 
end of the site. This drop in level reveals the gradu­
al change from the moraine to the slightly lower­
lying coastal meadowlands. The boundary between 
these two resource areas was also reinforced by dense 
systems of trenches running north-south, possibly 
remains of a dyke guarding the higher, settled area 
of the toft (see below). With the dykes on the com­
mon in mind, it seems probable that the farm build­
ings were placed close to and respected the fall in 
ground level. The recorded western edge of the 
building plots thus probably corresponds to the orig­
inal extent of the central farm buildings of one farm 
unit. The slightly lower land west of the farm build­
ings was where the cabbage patches and abild yards 
were situated in more recent times, and this was 
undoubtedly also the case in the Middle Ages. The 
soil in this area of the excavation was primarily an 
unstructured layer of earth 1.5 m thick with a number 
of modern features. Intensive garden cultivation in 
later years, for which Amager has become famous, 
may have destroyed any earlier settlement traces 
lying immediately west of the drop in terrain, but 
this would be a remarkable coincidence. A more 
pertinent question is rather whether the cluster of 
buildings discovered represents an entire north-south 
transect of the medieval farm unit. 

The south-eastern corner of the excavation was 
characterized by a thick and homogeneous soil lay­
er. Settlement was represented in the form of a cel­
lar (B2) and the northernmost part of a building (B 1) 
in the south-facing section of the excavation beneath 
Hallinggarden, a parsonage from around 1787. Both 
buildings belong to the seventeenth and eighteenth 
century. Further building was identified only in the 
form of two small, highly fragmentary patches of 
paving, a few sill stones and a small clay surface. 
These may be remains ofHallinggarden's predeces­
sor, 'the old parish clerk's house', before Hailing­
garden was constructed as a new parsonage imme­
diately south of here. Some may also be the remains 
of a later building recorded in the fire assessment of 
1854 (Frandsen 1989:50ff.). Since the two buildings 
recorded in written sources are effectively unrecog-



nizable archaeologically, one must assume that more 
recent interventions and disturbances have removed 
all building traces in the culture layers, and possible 
medieval deposits with them. It is, however, remark­
able that in the southern area of the site there are no 
medieval features in the natural subsoil; only the 
aforementioned cellar (B2) and wells of the seven­
teenth to eighteenth century. The trenches may have 
removed medieval features, but one would still ex­
pect, inter alia, a continuing density of wells, as it is 
seen in the middle of the site, to be visible in be­
tween the trenches. The area, which may have be­
longed to the parsonage even in the Middle Ages, 
thus appears to have been undeveloped until the 
building of "the old parish clerk's house". 

North of the cluster of buildings there is nothing 
earlier to be seen than sequences oflayers from about 
1400 continuing into modern times. Two earth cel­
lars are the only medieval structures in the area. 

Finally there is the boundary of the farmyard to 
the east, against the village street, now Englandsvej, 
where the lines of fencing and trenches apparently 
represent the eastern limit of the toft. 

It would be reasonable to conclude that the ex­
cavation has uncovered a medieval farmstead from 
which the great majority of the building foundations 
in the area around the farm itself have been record­
ed. Some may have been removed by, inter alia, the 
modern cellar, while there may also be unrecorded 
functional buildings at the far west of the site at some 
distance from the central farmstead. Such doubts 
about the completeness of the farm unit are raised 
primarily by the lack of stalling. 

The picture of 'the old parish clerk's house' and 
farms II and III from the Land Survey of 1688 is 
much more patchy because of disturbance and mod­
ern garden cultivation. Farm III could not be iden­
tified when the soil was stripped in 1993, although 
several buildings which cannot be clearly assigned 
to farms II or III were partially removed by a trial 
trench. Farm II, above the medieval farm area, is 
represented most clearly by a very well-preserved 
farmhouse of several phases4• 

4 A comparison of the location of farm II on the survey map 
of 1811 and several of the buildings revealed by excavation 
reveals close correspondence in extent. 
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Economic buildings 

A general problem for earlier investigations of the 
High- and Late-medieval farm with well-preserved 
culture layers has been the recognition of economic 
buildings, as, for example, at Store Valby (Steens­
berg & Christensen 1974) and Hejninge (Steensberg 
1986). Farmhouses have been recorded, but rarely 
functional buildings. The absence of economic build­
ings at these sites can be explained through the ex­
cavations having been concentrated around the 
farmhouse, through the economic buildings being 
harder to recognize, or through the excavations rare­
ly having been of extensive, areal character. With 
the excavation at Tarnby it is now possible to re­
veal a composite farm structure with a changing 
number of economic buildings throughout the Mid­
dle Ages. If one assumes that the absence of a hearth 
indicates a functional building, around 7 5 per cent 
of the excavated medieval buildings in the culture 
layers at Tarnby can provisionally be identified as 
such5• In addition to this, the majority of the area of 
two of the buildings (A20 and A21) apparently pri­
marily accommodated economic functions. None of 
the economic buildings differs architecturally from 
the houses. It is, however, striking that these build­
ings comprise only outhouses, storage buildings and 
sheds. No certain cattle stalls have been identified. 
The lack of stalling at Tarnby is remarkable and, in 
spite of the high proportion of economic buildings, 
sharpens the question about the fullness of our view 
of the farm. Were there economic buildings towards 
the back of the toft, in the machine-stripped soil lay­
ers behind the trenches protecting the farmyard? 
Were the stalls excavated, but not recognized as such 
-for instance building C19 (Fig. 8)? Were the stalls 
constructed of some perishable material such as turf, 
in order for it to be carried out to the fields as an 
efficient form of manuring together with the cattle 
dung, as, perhaps, the remains of C20 (Fig. 10)? Does 
the absence of stalls reflect the real situation with a 
special, climatically conditioned ecosystem and cat-

5 The hearth, however, is not an unambiguous indicator of 
function. Fire is used in association with certain forms of craft, 
and there was undoubtedly some seasonally governed func­
tional change amongst the rooms. People presumably lived 
in the heated room in the winter and moved to unheated 
rooms in the summer. 
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tle remaining outdoors? Pig sties in the fields are 
known from written sources (Kroman 1942:77), but 
cattle were of much greater value, and one cannot 
imagine cattle stalls out on the coastal meadows. 
Another possibility is that the farm simply had no 
cattle stalls but that in the Middle Ages the cattle 
were concentrated on the main farm of Borgby. 

DATING THE FEATURES 

The two separate clusters with building-sequences 
and other features in the culture layers to the north 
and south of the farm plot, and a similarly strati­
graphically isolated building to the east of the area, 
pose problems for the determination of the contem­
poraneity of individual buildings within particular 
dating brackets. Because of the paucity of datable 
finds the establishment of probable contemporane­
ity between individual buildings is of vital impor­
tance to the phasing of such features. The crucial 
structures in the subsoil can be related to one an­
other stratigraphically. Similary the medieval build­
ing plots, with just one exception (U5), can be relat­
ed to one another within their own clusters. On the 
basis of the stratigraphical evidence and datable ar­
tefacts it has been possible to divide the develop­
ment of the toft and farmstead into seven phases 
running from the twelfth century to the eighteenth. 
The relatively sparse datable material means that 
there is uncertainty over the assignment of several 
buildings and wells to one out of two or more phas­
es. Likewise most features in the subsoil can only be 
dated earlier than the overlying culture layers. 

The dating of individual buildings and phases is 
based predominantly on the pottery. The earliest 
phase of settlement was findless, and is dated by 
building typology. No local pottery chronology has 
been worked out for the Copenhagen area, 6 so no 
local chronological variation can be built into the 
ordinary date-ranges of the pottery types. In addi­
tion, only 2,734 sherds were collected in the exca­
vation, of which at most 2,250 are medievaP The 
oxidized, externally glazed pottery of the thirteenth 

6 The only published evidence from the area is from Stakha­
ven, Dragor, which, when more recent pottery is removed, 
consists of about 2,000 Late-medieval sherds (Liebgott 1979). 

and fourteenth centuries can be followed through 
from the earliest settlement represented in the cul­
ture layers. The presence of stoneware is central to 
the separation of the thirteenth-century phase from 
the fourteenth and fifteenth centuries. Stoneware, 
however, constitutes only 5 per cent of the total quan­
tity of sherds, and the absence of stoneware thus 
cannot be used as a secure basis for dating pre-1300. 

Coins were also used for dating, including a 
number of civil-war issues with special significance 
for the dating of the High-medieval phases.8 These 
datings are corroborated by a number of other dat­
ed objects such as, for example, double combs, or 
the presence of tiles. But a detailed and secure phase­
division is not possible as the majority of the data­
ble artifacts and pottery are chronologically insig­
nificant, with broad date-brackets within the High 
and Late Middle Ages. The datings of the buildings 
in the northern cluster are particularly uncertain. 

THE BUILDINGS 

By means of excavation the sites of 31 buildings were 
recorded, 18 of which can be dated between 1100 
and 1500 and the remainder to the sixteenth to eight­
eenth centuries. Sixteen of the buildings, dated 1200-
1500, lay within the culture layers and thus greatly 
increase the evidence for buildings of the High and 
Late Middle Ages in the present area of Denmark, 
where only 44 High- and Late-medieval buildings 
from 21 sites have hitherto been published. It is ev­
ident that, because of the still limited amount of ev­
idence, no discussion about possible developments 
in constructional techniques or the relationship be­
tween region, date and economic circumstances is 
possible. 

7 The material includes local reduced and oxidized wares to­
gether with a small admixture of jugs from Bruges and Flan­
ders and stoneware from Siegburg, Langewehe, Niedersach­
sen and Raeren. The provenance of the stoneware was de­
termined by cand. mag. J. L. Larsen. 

8 A total of 45 coins were collected, two of which are uncer­
tain and nine unidentifiable. Twenty-three coins can be dated 
to High and Late Middle Ages. The coins were identified by 
mus. insp. A. Kromann and mus. insp. J. S. Jensen of the 
Royal Collection of Coins and Medals, the National Muse­
um. 
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Fig. 4 Building A21 is a 19.5 metre-long feature aligned east-west and comprising four rooms. Its width varies from 
3.4 to 5.2 m.lt had a floor area of 84 sq m. The dwelling area was in the western room, and the other rooms 
apparently all accommodated economic activities. A: hearth in two phases; B: compact layer of fish bones; C: 
bench in the south-eastern corner of the room; D: doorway; R: recent; ACX: 17th-century well. The northern part 
of the building was excavated in 1993, the southern in 1994. MSK 1995. 

Building practice 

No clear image of either consistency or change in 
building practice immediately presents itself in the 
building remains from Tarnby, nor could anything 
of the kind be expected from material which is too 
small to be of statistical significance and which might 
at best just indicate some developmental tendency. 
The 18 medieval buildings are not only spread over 
four centuries in date; regional differences and 
minute differences from farm to farm, particular 
functions, the changing availability of building ma­
terials, regulatory restrictions, social needs, and not 
least mere tradition, can all determine the form of 
construction of any individual building. The build­
ings at Tarnby do, however, support the view of a 
development from buildings with earth-fast posts to 
sill- or wall plate-founded walls upon the ground 
around 1200 (Fig. 4). The High- and Late-medieval 
building remains typically show a mixture of differ­
ent building techniques including post-bearing 
stones combined with sill timbers on the ground, 
individual post-holes, and scattered and irregular 
rows of sill stones comprising small stones measur­
ing only 10 to 30 em, though stronger, well-laid sill-

stone rows with granite boulders measuring from 
40 to 60 em appear in the fourteenth and fifteenth 
centuries. The use of large boulders continues into 
more recent times when the constructional technique 
becomes more uniform. 

The Tarnby buildings of the Middle Ages are 
predominantly one-aisled with roof-bearing walls, 
although a possible five buildings were of central­
post construction. The wall material was presuma­
bly mostly daub. In one single case a turf building 
of the fourteenth to fifteenth century is recorded 
(building C20). Unfortunately only the gable end 
survived because of disturbance by the modern cel­
lar. In three of the medieval buildings remains of 
turf-built part lofts were found above lath and plas­
ter. Part lofts have previously been identified at He­
jninge by Steensberg (1986:47ff.). With a few ex­
ceptions, the buildings are aligned E-W with only 
minor deviations. The buildings are of widely dif­
fering sizes and can be divided into three size-groups. 
Building Al/A2/A3 stand alone at 27 metres long. 
It is followed by two approximately equally large 
groups of buildings of 10-20 metres and up to 10 
metres respectively. The plans of the buildings are 
fairly well preserved and in several cases it has been 
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possible to identify room-divisions and changes 
therein. Hearths were recorded in five of the medi­
eval buildings but no furnaces. 

The function of the buildings 

Determining the function of the individual build­
ings depends upon the presence or absence of a 
hearth. In an attempt to identify different activity 
zones at the farm a functional analysis of the sepa­
rate buildings and rooms on the basis of the distri­
bution of finds was attempted. However the rela­
tively small quantity of finds regrettably meant that 
this analysis was inconclusive.9 Domestic waste and 
manure had been methodically removed from the 
farmyard, which means that the range of finds was 
severely reduced both at the microlevel of the indi­
vidual buildings and at the macrolevel of the toft. 
At the time of writing only pilot studies of the fau­
nal and geobotanical remains have been undertak­
en, and no comprehensive analysis of the complete 
material. 

TRENCHES AND FENCES 

In the subsoil of the site was a complicated system 
of trenches, especially in the central and eastern part 
of the site. Several stretches of fencing can also be 
reconstructed (Roland, in Kristiansen et al. 1994: 
4ff.) 10• The trenches are laid out in roughly two ways. 
One of these is a variety of single trenches, the oth­
er two trench-systems running north-south, the 'west­
ern trench group' west of the farm site and the 'south­
ern trench group' to the south of it. Of these, the 

9 Plotting of all finds and subsequent analysis of their distribu­
tion has been successfully used to reveal functional divisions 
and/or social structuration, e.g. in Czech excavations (Fel­
genhauen-Schmiedt 1993: 132). The minute three-dimensio­
nal plotting of all finds has only been attempted on Steen­
berg's excavations in Denmark, although in this case, unfor­
tunately, the large quantities of finds are not always given 
individual analysis. 

10 Work on the structures in the subsoil was undertaken by cand. 
phil. T. Roland. The stratigraphical relationships between 
the fences and trench groups are based upon his work, and 
the various features have been assigned to the phases of the 
farm in collaboration with him. 

western group at least consists of two phases. The 
fences are, as far as one can tell, mostly to be as­
signed to the earliest phases of building. 

The group of various single trenches is probably to 
be interpreted as a set of toft-boundaries, folds, pens 
and the like. Where the stratigraphy can be read, 
the single trenches are later than the earliest phase 
of the western trench group. These trenches lie be­
neath building plots dated to the thirteenth century. 

The western trench group of long, regular trenches 
runs in the boundary zones between the moraine 
and the lower coastal meadows to the west (Figs. 5-
6). This trench group appears to define the limits of 
the farmyard. It consists of 10 to 15 trenches 11 which 
are evidently not all contemporary but fall into a 
sequence moving from the west to the east. The last 
trench, however, of the sixteenth/seventeenth cen­
tury, after a break of several centuries, was placed 
back in line with the earliest trench to the west. Stakes 
and posts were found associated with several of the 
trenches which can be interpreted as the traces of 
wicker- or lathwork fences or hurdles. In some plac­
es breaks in the trenches can be identified as en­
trances. The group can be divided into two phases, 
respectively earlier and later than the dividing ditch 
FCZ running east-west. The later group to the east 
is covered by a layer which probably belongs to or 
is contemporary with the earliest building in the 
northern building group, A21, dated to the thirteenth 
century (Fig. 7). A number of trenches to the west 
cut a layer which is dated post-1500/1600. The func­
tioning period of the trenches was thus an extended 
one. The majority of the trenches, however, can be 
assigned to the twelfth and thirteenth centuries. 

The southern trench group, consisting of 15 to 20 
trenches, lies south of the building plots (Fig. 11). 
Here too a sequence of construction running from 
west to east can be identified. The trenches here fol­
low a more wavy line. It cannot be determined 
whether the difference between the long, continu­
ous trenches in the western trench group and the 
interrupted, curved courses of the southern group is 
a functional matter. These trenches are cut into a 
layer of fill above a hollow in the subsoil. This fill 

11 The trenches vary in width from 0.4 to 1. 7 metres, with most 
between 0.6 and 0.7 metres. Where the original top is pre­
served they are found to be 2 metres wide and 0.8 metres 
deep. 



may be identical with the layer of fill referred to 
above dated to post-1500/1600, in which case the 
southern group must be dated to more recent times. 
The group lies below building B 1 and cellar B2 
which are dated to the seventeenth and eighteenth 
centuries. The sharply defined northern end of the 
trench group indirectly indicates a toft-boundary or 
some internal division within the toft. This bounda­
ry coincides with the southern extent of the group 
of single trenches. As the single trenches and the 
southern trench group are not contemporary, this 
situation must reflect the maintenance of a bounda­
ry line throughout the Middle Ages into more re­
cent times. 

In addition to the trenches there are a number of 
lines of fencing running both east-west and north­
south. Most fences were observed in the subsoil. The 
fences are mostly visible only in fragments and the 
remains might often be interpreted differently. In 
many respects, however, they agree with the arrange­
ment of the western trench group. It is likely that 
several of the remaining post-holes in the vicinity of 
the trench group originally belonged to similar lines 
which have, however, been so fragmented by later 
disturbances that they could not be identified as lines 
of fencing. Where the lines in the subsoil can be 
related to the building grounds in the culture layers 
(A20, A21, CIS and C19) the fences are earlier. Some 
fence lines are, however, also recorded within the 
culture layers. 

The large number of sequentially dug trenches is 
thought-provoking, and in the case of the western 
trench group at least it is possible that they marked 
the boundary of the occupied area of the farmyard. 
A discussion of the meaning of the trench groups 
(Roland, in Kristiansen et al. 1994:47), indicates the 
critical conditions for the identification of toft-bound­
aries. To begin with, it is easier to clear an existing 
trench out than to dig a new one. Interpretation as 
drainage ditches is unconvincing as the trenches 
nearly all run the wrong way in relation to the natu­
ral slope of the land, while they also contain next to 
no water-deposited layers. Nor does an interpreta­
tion as field or bed boundaries appear probable. For 
one thing the trenches were originally of considera­
ble depth, while also only a few such divisions would 
have been found at the same time. A fourth possi­
bility is that they represent dykes consisting of ditch­
es and banks, constructed to prevent the flooding of 
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the settled area to the east. The constant improve­
ment of the bank could explain the eastwards shift 
of the trenches, as it is conceivable that the bank 
formed of the upcast could collapse into the trench 
behind it. In rebuilding the dyke one would take 
material from the back, thus producing the parallel 
trench lines. But none of the numerous sections 
through the trenches have shown that the fill en­
tered them to any especial degree from the western 
side, and this hypothesis does not explain why some 
trenches fall outside the general pattern of construc­
tion running from west to east by being placed in 
the middle of the system. Nor can the small number 
of entrance ways crossing the trenches be explained 
in the context of a dyke. 

Since this is a common structure, running right 
across several farm tofts, perhaps the entire village, 
the idea of a dyke structure seems plausible in spite 
of everything. Its west-east line both before and af­
ter the toft regulation of phase 2 with trench FCZ 
does not allow the trench group to be interpreted as 
a western toft-boundary. 

The function of the southern trench group ap­
pears to have been truly strange. Its location leaves 
no space for building, and the function (whatever it 
may have been with these irregular and undulating 
courses) must have been abandoned at the latest with 
the construction of Hallinggarden's predecessors, 
building B 1 and cellar B2, which cut across the line 
of trenches. There can be no question of it being a 
toft-boundary as the distance from here to the vil­
lage street immediately east of the area of excava­
tion, the present Englandsvej, is simply too small, 
irrespective of variation in the medieval street line; 
and there is no basis for assuming that in the High 
and Late Middle Ages the street line was radically 
different. If the trench systems are to be interpreted 
as dykes we cannot explain why it was found neces­
sary to continue improvements for three or four cen­
turies on the southern toft after they had ceased on 
the toft to the north. 

THE TOFT AND THE DEVELOPMENT OF 
THE FARM SITE 

In Denmark, the structure of the farm in the Viking 
Period and the earlier Middle Ages is generally char­
acterized by buildings dispersed over the whole farm 
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Fig. 5 Phase 1, with the earlier toft layout and the earliest phase of the western trench group. The smaller number of 
trenches to the south of the group was caused by the deeper clearance of the overburden of layers of fill which 
looked like the subsoil. TR/MSK!JP 1996 

toft, while in the eighteenth century a compact farm 
complex right beside the village street was typical. 
When the change took place we do not know 
(Porsmose 1991: 194). The excavation at Tarnby 
shows it to be probable that this farmstead lay along­
side the village street as early as the twelfth century. 

Because of the absence of continuous culture lay­
ers over the surface, it is difficult to explicate the 
development of the farm plan or the chronological 
relationship between the groups of buildings. The 
following phasing of the farm area and toft is based 
upon a number of stratigraphical observations com­
bined with probable associations where mutual re­
lationships are otherwise lacking. 
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Fig. 6 Phase 2, with the regulation presumably effected in the twelfth century and the latest phase of the western 
trench group. The buildings may belong to both phases 1 and 2 but are probably to be assigned to phase 2. The 
farmstead is divided into a cattleyard and a stackyard. Arrow: entrance; R: modern cellar. TR/MSKIJP 1996. 

Phase 7. 7000-72th century{?) Trench lines from 
an earlier toft division 

This phase (Fig. 5) may show part of a larger toft 
whose limits were not revealed by excavation and 
which is divided into western and eastern parts by a 
system of trenches running north-south (the earliest 
phase of the western trench group). There may be a 

case for the northern toft pertaining to an earlier 
village structure with four large tofts situated around 
a green (see below). Approximately in the middle 
of the area of excavation can be seen a real break in 
several of the trench lines, while the trenches end 
or are interrupted at the northern limit of the exca­
vated area. These breaks must represent entrances. 
It cannot be determined, however, whether the end 
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of the trenches to the north is likewise due to an 
entrance way or is the real limit of the trenches. The 
function of the trenches is not obvious. Interpreta­
tion as the remains of dykes is speculatively pro­
posed but they served in any event as an internal 
boundary line for the slightly higher eastern area of 
the farmyard. The earliest phase of the trench group 
may be contemporary with the buildings and sever­
al trenches marked on phase 2 (Fig. 6) but this can­
not be verified stratigraphically. Both structures U 1 
and U2, also shown on phase 2, can be interpreted 
as the remains of buildings but are more likely to 
have been fence lines or droveways associated with 
one or both of the trench phases. 

Phase 2. Toft regulation in the twelfth century 

In this phase (Fig. 6) a regulation of the large toft 
was effected by means of the later, isolated east-west 
trench FCZ. The parcel division is probably to be 
dated to the twelfth century, though the thirteenth 
is possible. Trench FCZ is probably to be identified 
as the boundary between the new farm toft and the 
parsonage land to the south. In different physical 
forms this boundary can be traced as a fixed divi­
sion right through the Middle Ages and more re­
cent times (trench FCZ in the twelfth century [phase 
2]; the angled terminal of trench GMC in the thir­
teenth and fourteenth centuries or later [phases 3-
5]; and the abrupt northern end of the southern 
trench group in the sixteenth and seventeenth cen­
turies [phase 7]: see below). Interior trenches and 
fences contemporary with the settlement also be­
long to phase 2. 

The western trench group of phase 1 continues 
to shift eastwards in its later phase, cutting across 
FCZ and FBH. Functionally, this trench group must 
now relate to several tofts, delimiting the area im­
mediately up to the farmsteads. In the latest phase 
of the western trench group the entrances of its ear­
liest phase were closed. East of the trench group and 
parallel to it can be seen a line of fencing. This fence 
can only be followed in the northern part but that 
may be due to the digging of the southern trench 
group in phase 7. The fence could have been just 
one of many, as is hinted at by scattered post-holes 
and small fence lines preserved in between the close­
ly spaced trenches. 

The east-west line of fencing in the north can only 
be dated to before phase 6 but was probably estab­
lished in phase 2 or phase 3. Its contemporaneity 
with phase 3 seems to be established by the angled 
northern end of trench IKV which respects the fence 
line (Fig. 7). Its position may mark a toft-boundary, 
although it apparently did not continue west of the 
western trench group like trench FCZ. This, how­
ever, could be just a matter of preservation. The 
stratigraphical relationships between the northern 
fence, the later phase of the western trench group, 
and the inner lines of fencing parallel to this, are 
unknown. The interpretation and dating of the fence 
to the north is essential to the understanding of the 
subsequent development of the toft as it could ei­
ther be a fence within the toft or a toft-boundary. If 
it were simply a subdivision of the toft, the extent of 
the latter is not known. If, on the other hand, it were 
a genuine toft-boundary, three tofts can be seen in 
the area excavated. In the middle of the area is a 
toft 40 metres wide. This toft is bounded to the south 
by a trench and to the north by a fence. North of 
this can be seen the southern part of another toft, 
perhaps including well ADC. This well, however, 
can only be dated as earlier than building All A2/ 
A3 (phase 6). South of the central toft can be seen 
the northern part of a toft with no medieval build­
ing remains. The western boundary of the tofts is 
not known. Minor stretches of fencing running north­
south towards the east may be parts of a longer fence 
that was partially removed by the later trench sys­
tems of phase 3. This fence could be a toft-bounda­
ry against the village street. 

The earliest buildings in the area (and of these 
only U3 and the well KME) can only be dated as 
earlier than phase 3 and could therefore be contem­
porary with both phases 1 and 2. If U1 and U2 are 
simply to be interpreted as fences or something like 
that, the earliest phase of the farm consisted ofbuild­
ing U3, probably the undated building US, and well 
KME. No finds were made in association with this 
phase, the dating of which is based on building ty­
pology. The stratigraphical relationship between 
trench IFX of phase 3 and well KME is uncertain, 
although the trench appears to cut the well. Build­
ing C7 above U3 (Fig. 8) could also possibly be as­
signed to this phase, though its dating is highly un­
certain. The view of the stratigraphical relationship 
between these two buildings depends largely upon 
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Fig. 7 Phase 3. Stars: hearths. Arrow: entrance. R: modern cellar. TR/MSK!JP 1996. 

whether one regards the precise overlaying of the 
eastern wall of the buildings as a constructional 
modification of a single building (from the post-built 
U3 to the sill stone-founded C7), or as a pure coin­
cidence deriving from the boundary of the toft im­
mediately east of here. Building C7 cannot be traced 
to the same northern and southern extent as U3. In 
the former case, with continuity between the two 
buildings, C7 would be contemporary with or earli-

er than the north-south trench IMP-V belonging to 
Vwest continues in trench GOA and IFX beneath 
building C19 (phase 4). The construction of build­
ing C7 could thus be earlier than or contemporary 
with C19 (fig. 8). In the other case, in which the su­
perimposition of C7 upon U3 is attributed to chance, 
C7 can still be placed in any one or more of the 
subsequent phases 3 to 5. Stratigraphically, build­
ing C7 is quite isolated from the other High- and 
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Fig. 8 Phase 4. The 13th-century farmstead in a two-winged, possibly three-winged, layout. Stars: hearths. Arrow: 
entrance. R: modern cellar. TR/MSK!JP 1996. 

Late-medieval buildings of the farmstead. It should 
be noted that a few glazed jug sherds of the High 
Middle Ages were found in building C7. 

The area in which U3 (C7?) and US lie was di­
vided by trenches FBH and III together with the 
line of fencing on the inside of the western trench 

group. The gap between trenches FBH and III and 
the corresponding end of the fence line looks like 
an opening. This suggests an internal division of the 
farmyard into a cattle yard (fcegard) and a stackyard 
(lcegard). 



Phase 3. An angular line of trenches with or 
without buildings 

This phase (Fig. 7) is represented by enclosing 
trenches. The trenches overlie building U3 and well 
KME of phase 2. The southern limit of the trench­
es, at GMC, corresponds to the location ofthe toft­
boundary trench FCZ in phase 2, indicating the 
maintenance of the boundary to the south though 
in a new physical form. The fence along the village 
street is now replaced by a trench, IKV and IMP-V. 
An entrance from the village street can be seen. The 
line of fencing to the north is undoubtedly to be 
associated with this phase. Note the northern end of 
trench IKV which merges into the fence line. 

The only building of this toft is building A21 and 
possibly the abovementioned C7. Building A21 with 
the wells KBA and KEY cannot be related strati­
graphically to the single ditches of phase 3. Phase 3 
would thus have been a phase in which the area 
was not built upon, as it is not probable that C7 -
for reasons of its size - was the only building there. 
A21 is dated to the thirteenth century. It overlies 
the north-south fence east of the western trench 
group. Similarly a layer contemporary with A21 may 
overlie the latest trench of the western trench group. 
Thus the abandonment of the western trench group 
took place either in this phase or the next, phase 4, 
according to where we place building A21. 

Phase 4. A three-winged structure? Thirteenth 
century 

From the thirteenth century onwards we find a con­
tinuous sequence of building foundations in the cul­
ture layers (Fig. 8). The settlement is of a very stable 
character, producing sequences of buildings involv­
ing several superimposed building grounds. Build­
ing A21 and with it the decommissioning of the 
western trench group may, as noted, belong to this 
phase or to its predecessor. With C19, the earliest 
building of the southern building group, the line of 
trenches GOA, IFX and IMP-V is likewise covered 
over. The northern east-west fence from phase 2 may 
have remained in use, as may trench GMC. In GMC 
a reduced-fired jug was found which can be dated 
to the thirteenth century at the earliest, and the 
trench must have been filling up at this date or later. 
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Trench G M C is presumably equivalent to trench 
IMP-0. IMP-0 may therefore be the continuing 
marker of the farmyard boundary against the vil­
lage street. 

The farmstead of this phase comprises the build­
ings A20, C19 and the later C18, possibly A21, and 
perhaps C7 too (cf. above), and the wells ADC, 
KEY, and possibly KBA (contemporary with A21). 
Of these, ADC and KEY may stratigraphically also 
belong to the following fourteenth-century settle­
ment (phase 5). Building C18 burnt down before 
1300-1320. 

Building A21 lies to the north and was succeed­
ed by building A20 which was shifted slightly east­
wards. To the south building C 19 can be seen to be 
followed by C18 with a shift towards the south-east. 
Out by the village street may have been C7, but if 
C7 belongs to either an earlier or a later phase there 
would only have been two parallel wings. 

If one interprets hearths as evidence of occupa­
tion, this function is represented in the westernmost 
rooms of A21 and A20 and in C7. C18 and C19 are 
both functional buildings, as may have been the 
eastern rooms of A21 and A20. Since we must al­
ways assume at least one residential room, A21 or 
possibly A20 alone is placed in this phase. Since it 
is not possible to assign A21 and C7 to a particular 
phase with certainty, it is consequently impossible 
to determine which of the wings is the older, while 
regrettably the basic plan of the farmstead of the 
thirteenth century also cannot be explicated in de­
tail. We do not know when the closed farmstead 
known from more recent times came into being, and 
definite evidence of a farmstead with three separate 
wings in the thirteenth century would have been of 
interest in this respect. Building A21 and its succes­
sor A20 may both, with their combination of a dwell­
ing space and economic space, in fact have lain alone 
with no supplementary buildings. We also do not 
know whether A21 and/or A20 stood at the same 
time as the functional buildings C 19 and/ or its suc­
cessor C18. 

Phase 5. Re-organization of the layout of the farm, 
1300-7350 

This phase of the farm (Fig. 9) is dated by the pres­
ence of stoneware and civil-war coins. The south-
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Fig. 9 Phase 5. At the beginning of the fourteenth century the dwelling area was moved from the northern part of 
the farmyard to the south. Stars: hearths. Arrow: entrance. R: modern cellar. TR/MSKIJP 1996. 

ern boundary is not clearly represented in physical excavation in 1993), together with Cll in the cen-
form in this phase. However, the boundary must tre of the farm area. C 11 was cut by well FAA, which 
have been maintained as it still is respected in phase is in turn covered by the functional building C3. 
7. There is therefore no reason to suppose that there Because of the uncharacteristic and homogeneous 
was any expansion of the toft southwards into the layers we cannot tell if C3 is contemporary with or 
low-lying and possibly saturated area. In phase 5 or later than dwelling house C9-C10, so C3 could be-
later trench GMC (=IMP-0) went out of use. long to both this and the next phase. 

The dwelling house A20 was superseded by a With the small economic buildings A17, A7 and 
stage involving the functional buildings A17 followed C11, the residential function of the northern se-
by A7 (both of them partly removed during the trial quence of buildings came to an end. In order to keep 
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Fig. 10 Phase 6. With the construction of the largest of the medieval buildings in the fourteenth century the toft was 
probably extended towards the north. Stars: hearths. R: modern cellar. TR/MSKIJP 1996. 

some dwelling place within the farmstead, either C7 
or C9-Cl0 must be contemporary with those build­
ings. C9-C 10 supersedes a functional building C 18 
of phase 4 in the southern building sequence after it 
was burnt, sometime before 1300-1320. From hav­
ing an economic function, the southern area of the 
farmyard now assumes the residential role. Perhaps 
C7 was first demolished in this phase, and the resi­
dential function was moved to C9-Cl0? Three wells, 
ADC, KEY and FAA may also belong to this phase. 

C9-Cl0 apparently burnt down in the mid-1300's, 
and it may have been on this occasion that the cen­
tre of gravity of the farmstead shifted northwards 
with AI/ A2/ A3, although the relationship between 
the dates ofC9-ClO and those of Al!A2/A3 is com­
pletely unknown. It is therefore quite possible that 
the two buildings were both standing at the same 
time. 
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Fig. 11 Phase 7. Sixteenth to eighteenth centuries. Only dispersed buildings from farms II and III of the 1682 survey 
are preserved. Another trench group can be seen on the southern toft. Stars: hearths. Circles: stoves. Square: jamb 
stove. Arrow: entrance. R: modern cellar. TR/MSKIJP 1996. 

Phase 6. Expansion of the toft, 1350-1500 

With the construction of All A2/ A3 at the latest (Fig. 
10), the main building of phase 6, the northern fence 
line must have been decommissioned. If this were, 
as already discussed, a toft-boundary and not some 
internal partition, the farmyard was extended to the 

north in phase 6. The northern boundary of the toft 
must then lie outside of the area excavated and the 
toft would now have been at least 55 m wide. 

Building All A2/ A3 is, at 27 m long, the longest 
building excavated, and it accommodated a dwell­
ing space to the west and economic functions to the 
east. It was supplemented by the small functional 



buildings A8 and A9. C20, the only turf-built struc­
ture excavated, superseded A9, to be replaced in 
turn by functional building A13. Building A13 can 
at least be dated to the end of the fifteenth century 
although it could still belong to the sixteenth centu­
ry. The possible earth cellars ZA and AOA may be 
assignable to this phase too, but both their function 
and their date are highly uncertain. A fence line 
between these cellars and the main building may 
belong either to this or to some later phase. Wells 
KIC and possibly KEY are of this phase too. 

Phase 7. Buildings and the latest trenches, 
sixteenth to eighteenth century 

The post-medieval farmstead in the central toft (la­
belled farm II in the survey of 1682) is poorly pre­
served because of later digging and gardening, al­
though some building grounds have been fully un­
covered (Fig. 11). Building C8, also the only build­
ing in the culture layers with earth-fast roof-bearing 
posts throughout its eastern half, and the overlying 
building C1, are both well-preserved houses and it 
is possible to trace their changing layouts. The build­
ings contain stoves, the only ones recorded in the 
history of the farm. A curious detail is that building 
C1 eventually abandoned its chimney in favour of 
a hearth placed directly upon the clay floor. This 
farm also comprised cellars CS and C6 and barn 
C2. To the east, by the village street, one can see a 
long manure bunker (KMD). The arrow marks an 
entrance across this. Buildings A4, AS, A6, A18 and 
A22 (all partly removed in 1993) and D 1 lie in the 
boundary zone between farm II and farm III to the 
north. This phase also comprises wells OGF, ACX, 
ILG, KBE, BVA, KIP, IRP, and GHP together with 
six undated but probably contemporary wells. Af­
ter 1682, the width of the central toft was again re­
duced (according to the toft-widths given in the Land 
Survey of 1688), but the northern toft-boundary has 
left no physical traces in the area excavated. 

On the southern toft, which may have belonged 
to the parsonage, the southern trench group, of un­
clear function, was established. This may be data­
ble to the sixteenth or seventeenth centuries. The 
northern limit of the trenches agrees with the course 
of trench FCZ of phase 2 and the southern limit of 
the single trenches of phase 3. Certain trenches of 
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the western trench group, probably from one con­
tinuous line, show that the function of this group 
had been resuscitated. In the seventeenth to eigh­
teenth centuries building is found in the southern 
toft for the first time, in the fragmentary form of 
building B 1, cellar B2 and a few extremely badly 
damaged building remains (not marked on figure 
13) which may have belonged to 'the old parish 
clerk's house', the predecessor ofHallinggarden im­
mediately south of the area of excavation. This build­
ing is later than the southern trench group. 

THE STRUCTURE OF THE VILLAGE 

The development of the village can only be consid­
ered retrospectively in the absence of written sourc­
es. It is based on just three archaeological observa­
tions, namely the excavation of Tarnby Torv de­
scribed here, a minor trial excavation immediately 
west of the church, the site called 'Mrs Olsen's 
house', 12 and the investigation of the Viking-period 
settlement on the later toft fields east of Englands­
vej. 

Nowadays Tarnby has the character of a strip 
village north of the church along Englandsvej, a road 
which was probably the route between Copenha­
gen to the north and Drag0r at the southern end of 
the island as early as the Middle Ages. The north­
ern and southern halves of the village are of funda­
mentally different character (Fig. 2). The strip vil­
lage to the north has typically elongated, regular, 
defined tenements, each one with its own droveway 
or with a shared droveway out to the common and 
the coastal meadows to the east. Around the church 
in the southern part of the village, however, the pic­
ture is radically different, with small house plots ly­
ing this way and that in small, coherent blocks sur­
rounded by droveways. The excavated area of Tarn­
by Torv lies exactly over the area between these two 
types of village layout. These completely different 
patterns of division have led to discussions of the 
development ofthe village (Mahler 1994), and it has 

12 This site was subjected to trial excavation in 1994 Q.nr. S0L 
476). Sherds of glazed jugs were found and some more re­
cent pottery. Culture layers were also recorded, and features 
cut into the natural which continued underneath the chur­
chyard wall. 
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Fig. 12 A: excavated area. The excavated medieval 
farmstead is in the middle toft marked. B: Viking­
period settlement. C: 'Mrs Olsen's house'. Suggested 
original village layout: areas 5 and 6 are both 
individual tofts. Areas 1, 3, 4 and 7 can be regarded as 
one integral toft. Area 2 may be part of a toft although 
it could also be the village green, which survived on to 
the 1811 map as a small area (D) in front of the church. 
Area 8 fits into a natural space north of 2 and 5, while 
the character of the droveway between 2, 5 and 8 
indicates that 8 fits in the original picture as yet another 
toft. The northern part of the toft is covered by the 
later, narrow, regulated tofts. 9 presumably originally 
belonged to 8, but a droveway was placed between 8 
'and 9 when the tenements were redefined (after Mahler 
1994). 

been suggested that the original village consisted of 
four large tofts arranged around a green (Fig. 12). 
The church was built on the largest toft. The row of 
narrow tofts to the north is later and crosses the old 
toft pattern. The strip village may have developed 
slowly, but its consistently regular plan rather sug­
gests its establishment in one go. To corroborate this 
theory it would be important to be able to demon­
strate the existence of an eleventh-century settlement 
in the southern half of the village by means of ar­
chaeology. 

The results of the excavation at Tarn by Torv seem 
to support this theory. The earliest phase of the west­
ern trench group in the large, undefined area with­
out building, phase 1, may be part of the northern 
toft of the old village layout. With trench FCZ in 
phase 2 (twelfth century?) settlement within the ex­
cavated area was regulated. Whether this regulation 
is of only local relevance or could have been ap­
plied to as much as the whole village depends, how­
ever, on the interpretation of the northern east-west 
fence line of phase 2. 

If this fence is interpreted as no more than an 
internal division of a larger toft, the extent of this 
regulation is not known, nor is it known when the 
organized strip village was established. It could in 
this case just as well have been caused by, for in­
stance, the Swedes' burning of the village on Octo­
ber 101

\ 1658, as it would have been undertaken in 
the earlier Middle Ages. If, by contrast, the fence is 
considered to have been a real toft-boundary, is 
shows that the establishment of the strip village prob­
ably took place in the twelfth century. Since the strip 
village is so regular, it was probably laid out in its 
entirety at a single time. Could this re-organization 
have been undertaken by bishop Absalon, making 
the main farm of Borgby more efficient, by splitting 
up the four farms of the eleventh century into smaller 
units in the new strip village? 

The extension of the toft in the fourteenth to fif­
teenth century, phase 6, can be interpreted as a uni­
fication of the central toft in the excavated area and 
the one to the north. This may be the first archaeo­
logical example of the development recorded in 
written sources from cultivation by poor cottagers 
(landbo) and villeins (gardscede) to the larger 'equal­
sized' copyhold farms (fcestegard)? The toft was re­
organized once more before 1682, when it was re­
duced in width (the situation in figure 2). The sizes 



of the farm tofts in the whole village are now indi­
rectly given by the 1682 field book's measurements 
of the farms' associated toft fields. 

AN EQUAL-SIZED COPYHOLD FARM? 

Written sources for the social status of the farm 

It would be helpful to shed some light on the social 
status of the farm in relation to other medieval farms 
under the Bishop of Roskilde, and to try to classify 
it as cottager or villein farming. Tarnby is imper­
fectly recorded in the Land Book of the See of Roskil­
de. The number of farms and the tax dues from each 
one are not given. A calculation of the size of the 
medieval farms of Tarnby and a comparison be­
tween Tarnby village and the excavated farmstead 
on the one hand, and other villages of Sjrelland and 
farms in the Land Book is therefore, unfortunately, 
impossible. 13 On the basis of an analysis of the Land 
Book of the See of Roskilde a general development 
away from the manorial estate/smallholding farm 
system in favour of the establishment of equal-sized 
copyhold farms has been demonstrated in the four­
teenth and fifteenth centuries (Christensen 1964: 
277). It does not, however, appear to be possible, as 
Christensen suggested, to demonstrate a liquidation 
of the Bishop's manor on Amager. 14 

An archaeological example of an 'equal-sized' 
copyhold farm? 

Although there may be several ways of explaining 
the development of the plan of the farmstead 
through time, it is still tempting to turn to the ar-

13 The scope for assessing the social status of the Tarnby farm 
is considerably better in more recent times where one can 
base oneself upon the Land Survey of 1688. About half of 
the farms in Tarnby were of the size of 4 to 8 tdr htk (='bar­
rels of hard corn'), along with about 52% of the farms on 
Sjrelland, while the remainder were of 8 to 12 tdr htk, as 
about 19% of the Sjrelland farms (Christensen 1964, 283). 
The excavated farm II was one of the latter group. 

14 Information from dr. phil. K.-E. Frandsen, Institute of Histo­
ry, Copenhagen University. 
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chaeological record. The analysis of the possible toft­
boundaries at Tarnby Torv suggests the occurrence 
of an expansion of the toft in the fourteenth centu­
ry. On the basis of a presumption that the develop­
ment from villeinage to an 'equal-sized' copyhold 
farm would also involve an increase in the size of 
the farm, the size of the farm will be considered to 
see if there were such an expansion in the fourteenth 
century. 

In what follows, various possible building com­
binations are set up for the different farm phases of 
the Middle Ages and the roofed space of the farm. 
For this, a farmstead consisting of two parallel wings 
is assumed for the thirteenth century within which 
the two older and the two younger buildings in each 
sequence are contemporary, although in reality both 
A21 (85 sq m) and A20 (88 sq m) combining, as 
they do, residential and economic sections, could 
have stood alone. 

Figure 13 shows a strong increase in the area of 
the farmstead in the fourteenth century (models 7-
9). If building C9-C10 was in existence at the same 
time as building AI/ A2/ A3 (model 7-8) this growth 
can be dated to the first half of the fourteenth centu­
ry. If these two buildings were not contemporary 
the date of the growth of the farm becomes more 
spread out since the construction of building All 
A2/ A3 can be dated to the fourteenth century gen­
erally (model9). The increase in area coincides with 
the possible extension of the toft in the fourteenth 
century, which was maintained throughout the rest 
of the Middle Ages. Is this, then, an example of what 
the Land Books call an equal-sized copyhold farm, 
or is this just a local development affecting this one 
farm? 

CONLUSION 

Through the excavation in Tarnby village, with its 
well-preserved culture layers and the extent of the 
area uncovered, it has, for the first time, been possi­
ble to follow the development of a farmstead, prob­
ably in its entirety, through several phases from its 
foundation in the twelfth century to its abandon­
ment in the nineteenth century in favour of another 
building. Most of the farmyard has been defined, 
although its western limits are missing and the in­
terpretation of the northern limit is uncertain. 
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Phase Models: possible building combinations Floor m2 

1?-2 1. U3+U5 157 (182} 

3 2. A21? (+C7) 85? (110) 

4 3. A21+C19 (+C7) 160(185) 

4 4. A20+C18 (+C7) 136 (161) 

5 5. C9-C10+A17+C11 (+C7) 98 (123) 

5 6. C9-C10+A17+C3 (+C7) 114(139) 

5-6 7. C9-C10+A1/A2/A3+A8+A9 (+C7) 246 (271) 

5-6 8. C9-C1 O+A 1/A2/A3+A8+A9+C3 (+C7) 275 (300) 

6 9. A1/A2/A3+A8+A9+C3 (+C7) 205 (230) 

6 10. A1/A2/A3+A13+C3 (+C7) 202 (227) 

Fig. 13 The changing area of the farmstead through the 
Middle Ages. The models show various possible 
combinations of contemporary buildings within the 
different phases of the farm. Model 1 represents the 
twelfth century, models 2-4 the thirteenth century, 
models 5-9 the fourteenth century, and model 10 the 
fifteenth century. The sizes given for A13, A17, C7 and 
C 11 are minimum sizes as these buildings were not 
preserved to their full length and width. 

Thirty-one complete or partially preserved build­
ing grounds were uncovered, eighteen of which are 
medieval. The 16 building plots in the culture lay­
ers of the High and Late Middle Ages give a mas­
sive boost to the quantity of building evidence from 
this period. The change from earth-fast posts to struc­
tures resting on the ground surface is very clear. 
Unfortunately this transition cannot be dated with 
certainty as the earliest buildings, with earth-fast 
posts, can only be dated by typology. The earliest 
building grounds within the culture layers are dated 
by finds to the thirteenth century, and an architec­
tural change in this period would fit the general pic­
ture well. This agreement may, however, be purely 
coincidental, as the shift from earth-fast posts to struc­
tures resting on the ground surface was probably 
regionally governed. Unlike in earlier investigations 
of High- and Late-medieval rural settlements, a high 
proportion of the buildings excavated are econom-

ic buildings and small outhouses. The absence of 
clear evidence of stalling is noteworthy. In addition 
to the building remains, 20 wells were recorded, 
fourteen of which are from the Middle Ages, together 
with various trench and fence systems which are 
interpreted as possible dyke structures, toft-bound­
aries and internal partitions within the farmyard. 

The buildings of the Tarn by farm lie in the same 
place in the toft beside the village street throughout 
the Middle Ages, with different layouts, until they 
were superseded by the four-unit farmstead known 
from the survey map of 1811. It is thus possible for 
the first time to demonstrate continuity in the posi­
tion of buildings lying beside the street back to the 
earlier Middle Ages, a view which is otherwise only 
afforded by the villages' surviving census topogra­
phy of the seventeenth and eighteenth centuries. The 
layout of the Tarn by farm, with its freestanding units 
placed parallel or at angles to each other, confirms 
the hitherto feeble archaeological image of the me­
dieval farm. 

The earliest form is the farmstead with two units 
placed at an angle in the cattleyard and stackyard 
respectively. The buildings are constructed with 
earth-fast posts, and are typologically dated to the 
twelfth century. The farm was presumably estab­
lished on an earlier toft after a re-organization of 
the village, which was transformed from a village 
around a green to the regular strip village. It is pos­
sible that the eastern side of three farm tofts can be 
seen in the excavated area, but the interpretation of 
a fence in the northern part of the area is debatable. 
If not, only two tofts can be seen, and the establish­
ment of the tightly regulated strip village may be a 
later development. In the thirteenth century the farm 
apparently consisted of units placed parallel to one 
another in a northern and a southern wing, possibly 
combined with an eastern wing along the village 
street. In the northern unit residential and econom­
ic functions were combined while the southern unit 
served working functions. Around the fourteenth 
century this layout was changed. The southern wing 
burned and a new building was raised for dwelling 
purposes alone and the northern wing was replaced 
by small outbuildings. Contemporary with the new 
southern wing, or perhaps not until after it was burnt 
in the middle of the fourteenth century, a large main 
building with both residential and economic areas 
was constructed. This was associated with several 



successive outhouses. With this new main building 
in the farmstead, the roofed area of the farm was 
doubled, and the area of the farmyard was extend­
ed towards to the north. Could this be the first ar­
chaeologically discovered specimen of the four­
teenth-century development known from the Land 
Books from the manorial/ smallholding system to the 
establishment of equal-sized copyhold farms? The 
layout of the farm in the seventeenth and eighteenth 
centuries is less clear, but this can be remedied by 
written sources and cartographic evidence. 

Translated by john Hines 
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Three copies of the manuscript including tables, 
figure captions and figures (copies of a quality suit­
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The text of the manuscript should be printed dou­
ble-spaced with a left margin of five centimetres. 
All pages must be numbered. The beginning of 
each new paragraph should be clearly visible in 
the print layout. Use a pencil in the margin to mark 
the intended level of the headings (e.g. 1, 2 3). 
The approximate position of illustrations and ta­
bles should be indicated in the margin of the text. 

Submission after acceptance 
If your contribution is accepted you are requested 
to submit all material in a quality and format suit­
able for a computer based production of the jour­
nal. This implies the following: 

Text. The text must be delivered on either a Mac­
intosh or an IBM-compatible diskette. Files from 



Microsoft Word or Word Perfect are acceptable, 
regardless of version. If you cannot deliver your 
text in the formats of either of these two word 
processing systems, you should contact the edi­
tors for alternative arrangements. Please keep the 
following golden rules in mind: 

• Never use spaces to lay out your text. The only 
time to use the spacebar is for that one impor­
tant space placed between each word. Use the 
replace facility of your wordprocessor to en­
sure that there is no space before"," or".", and 
that two consecutive spaces never occur. 

• Never use the tabulator to lay out your text. 
• Never ever apply hyphenation to your text. 

Only obligatory hyphens should be present. 
• Never try to anticipate the formatting of the 

text as it appears in the journal (i.e. do not use 
capital letters in headings or in author names 
even if they appear so inJDA) 

• Do not use empty lines to separate the individ­
ual paragraphs. 

• In principle do not justify the text to a straight 
right margin, since the gaps between the words 
in some older versions of Word Perfect will be 
translated into spaces when imported into our 
DTP system. 

• Use Italics if you intend a text to appear in Ital­
ics (but avoid bold or underlining - since we 
do not accept it inJDA). In case you cannot 
provide your text in Microsoft Word or Word 
Perfect you may be asked to substitute Italics 
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will make things much harder for the editors. 
Do not do this on your own account. 
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Tables. Tables should be produced by way of the table 
functions of Microsoft Word or Word Perfect and sub­
mitted in separate files. Alternatively, tables may also 
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size: it may be either 86 or 178 mm wide, and the 
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the impossible. Tables that are higher than 215 mm 
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Illustrations created by way of a computer should 
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editors for specifications. A list of figure legends should 
be supplied either as a separate file, or alternatively at 
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