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Mapping Archaeology

3. The use of aerial photographs in the study of
Early Iron Age settlement patterns in Western
Jutland, Denmark
Lis Helles Olesen
Introduction
In any study of Early Iron Age (500 BC–200 AD) settlement
patterns it is difficult to ignore the extensive field systems
– so-called Celtic fields – dating from this period. However,
it is only possible to gain an overview of this type of
archaeological evidence through studying existing aerial
photographs, which provide relatively uniform evidence
as an essential supplement to the, as a rule, randomly
occurring graves and settlements. In this investigation of
an area in Western Jutland for a thesis submitted to the
University of Århus (Olesen 1982), three series of vertical
images, taken over Denmark in 1954, 1965 and 1975, have
been used in the search for Early Iron Age field systems.
The investigation resulted in the identification of 66 field
systems, adding to the previously known total of only 15
field systems (Figure 3.1).
Early Iron Age populations in Jutland were essentially
agricultural societies and, therefore, to a great extent
adapted to the physical environment which determined
the choice of location for settlements and arable areas.
The period is dealt with as a whole as this time interval is
considered to be homogeneous, with no great changes in
agrarian practices and the use of the field systems almost
throughout.
The localising factors in a self-sufficient agricultural
economy are considered by cultural geographers to be,
in order of priority, water, arable land, meadows and
marshes (the latter are referred to in Danish as “enge” – a
collective term for meadows, damp pastures and marshes,
often found in valley bottoms on the margins of lakes, bogs
and watercourses), fuel and building materials – although
arable land and grazing play an approximately equal role
(Hansen 1975a, 14).
“The ideal location for an agricultural settlement is
a place where there is easy access to abundant fresh
water, for example by a river, a stream or a spring, at
the same as there being on the one side direct access to
arable land and on the other possibilities for grazing. A
location where arable land and meadows and marshes

are adjoining will best satisfy the requirements, even
more so as the latter mean easy access to water and
fuel in the form of peat.” (Hansen 1975a, 15)
The fact that soils have, in more recent times, had an
influence on settlement conditions in a self-sufficient
economy is apparent, for example, in the distribution of
hamlets/villages and individual farmsteads as recorded in
the Danish Land Register of 1688. On the good soils of
Eastern Denmark settlement is concentrated in villages/
hamlets, whereas that on the poor soils of Western Jutland
is almost exclusively in the form of scattered individual
farmsteads. The importance of meadows and marshes for
the settlement pattern is seen in more recent times in, for
example, a clear tendency for farmsteads on poor soils to
lie at their densest where meadows and marshes expand
(Hansen 1975b, 33). A basic principle underpinning this
study is that these general models are broadly applicable to
the Early Iron Age. The study covers the Pre-Roman Iron
Age (500 BC–0) and the Early Roman Iron Age (0–200
AD), the periods when the field systems are believed to have
been in use. Given the scale of clearance, cultivation of the
soil, building and planting of the banks involved, the field
systems are seen as representing a stationary cultivation
system with an extended period of use.

The study area
The area under investigation comprises 33 parishes in the
northwest of Ringkøbing county, a total of approximately
850km2 (Figure 3.2). It has great geological diversity, as
the end moraine from the last glaciation runs through it
(Figure 3.3), and is dominated by three elements – moraine
hills and sandy fluvioglacial heath plains (hedesletter)
from the last ice age together with flat hills or hill islands
(bakkeøer) from the penultimate glaciation.
The southern part of the area comprises the hill island of
Skovbjerg Bakkeø and a further three smaller hill islands
are located on the heath plain. A characteristic feature of the
hill islands is a regularly undulating terrain, cut by rivers
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Figure 3.1: Vertical image from 1975 showing Celtic fields in many places, best in the middle right (e.g. ‘A’). © Kort og
Matrikelstyrelsen, Denmark 7503 D, 821158, 394

in broad valley floors with even slopes. Lakes are rare.
The northernmost part of the area comprises moraine hills
deposited during the last ice age. The terrain is undulating,
slightly rolling and characterised by numerous depressions
containing small lakes and bogs. Further to these are a

few small watercourses in steep erosion valleys. About
half of the area is made up of heath plains, bounded to
the north by the former ice margin and to the south by the
hill islands. This heath-plain landscape is very flat and
only broken by extensive tracts of blown sand and a few
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Figure 3.2: The location of the study area in Denmark. © E.
S. Mauritsen and L. H. Olesen
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Figure 3.4: Soil types in the study area. 1: coarse sandy soil.
2: fine sandy soil. 3: clayey sandy soil. 4: sandy clayey soil.
5: clayey soil. 6. Meadows and marshes. 7: Water. 8: Nonclassified (plantations, dunes, urban areas). © E. S. Mauritsen
and L. H. Olesen

small hill islands. The heath plain is also characterised by
a network of highly branched rivers, deeply cut in their
upper reaches and less so towards the southwest. All the
rivers run out into Nissum Fjord which, with its area of
70km2, together with the associated marine foreland, is a
characteristic element within the study area.

Soils

Figure 3.3: The geology of the study area. 1: Hill island
(‘Bakkeø’). 2: Recent moraine landscape. 3: Heath plain
(‘Hedesletter’). 4: Sand dunes/inland sand. 5: Sub-glacial
stream trench. 6: Marine foreland. © E. S. Mauritsen and
L. H. Olesen

As a consequence of the great geological variation, the
soils of the area are also very diverse. In an evaluation
of the soils in the Early Iron Age, use was made of the
Danish Ministry of Agriculture’s soil classification map
of 1978. Even though these soils have been influenced
by post Iron Age manuring, irrigation and draining, this
mapping is still the best available source for soils data.
Eight different soil types were recognised, but for the
purposes of this study only five types have been used.
Types 5 and 6 (respectively, clayey soil and heavy clayey
soil/silty soil) have been combined, as type 6 is only present
to a limited extent. Type 7 (organic soil) falls within the
meadow and marsh areas (Figure 3.4). The fertile soil
types 4 and 5 (respectively sandy clayey soil and clayey
soil) are found almost exclusively in the northern part of
the moraine deposits with soil type 4 predominating. At
the southern and northern ends of Nissum Fjord these two
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Figure 3.6: Meadows and marshes derived from early 19th
century mapping. © E. S. Mauritsen and L. H. Olesen

Figure 3.5: Example of the significance of draining for wetland
areas in Sønder Vestud parish. Upper 1802, middle 1888, lower
1944 (after Kammp 1970, 36).

soil types are also represented in the form of salt marsh.
One of the small hill islands also comprises sandy clay.
Type 3 (clayey sandy soil) makes up most of the remaining
moraine deposits as well as a small hill island and small
portions of the extensive Skovbjerg Bakkeø in the south.
The remaining part of the study area – the heath plains
and Skovbjerg Bakkeø – comprise coarse sandy soil (type
1) and fine sandy soil (type 2), with type 1 predominating
in both cases.

Reconstructing past landscape
In order to be able to carry out an investigation of the
location of settlements relative to meadows, marshes and

fresh water, it is necessary to attempt to reconstruct the
broad character of the landscape in the Iron Age. For this
purpose, use was made of the maps from the Danish Land
Register of 1844 (Figure 3.5), which record the landscape
before the extensive drainage works that began in the
mid-19th century. The extrapolation of pre-drainage 19th
century wetland areas back to the Iron Age must be made
with certain reservations, but provides a better basis than
a modern map would, since most wet areas have now
been drained.
The mapped areas of meadow and marsh (Figure 3.6)
clearly show two different types of wetland area, due to
variation in drift geology. The northern part is characterised
by densely-spaced areas of wetland with no watercourses.
In the remainder of the area – on the heath plains and the
hill islands – the meadows and marshes are concentrated
in particular around watercourses.

The archaeological evidence
Field systems recorded on aerial photographs
P. Harder Sørensen’s study of about 2,600km2 in Vendsyssel
(northern Jutland) has already demonstrated that existing
aerial photographs genuinely provide good opportunities
for the recording of field systems – 300 were noted by him
here. This was confirmed in later investigations of Northern
Jutland and Viborg counties from 1991, where 447 field
systems were located (Sørensen 1982, 77; Sørensen 1991).

3. The use of aerial photographs in the study of Early Iron Age settlement patterns in Western Jutland
In the present author’s study, three national series of aerial
photographs were examined. These are the vertical images
from 1954 (Basic Cover) at 1:10,000, from 1965 (D341)
and from 1975 (7503), both at 1:25,000. In all, a total of
about 1,000 aerial photographs have been examined and

Figure 3.7: Prehistoric arable fields on heathland at Øster Lem
Hede. © Cambridge University Collection of Air Photographs,
4 July 1968, AVB 6
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interpreted. Basic Cover 1954 has been examined twice
because it was the first series to be examined, and its reexamination benefited from the experience gained studying
the other series of photographs.
Field systems are visible on the aerial photographs in a
variety of ways. Their earthworks may also be recorded as
shadows on grazing land or in uncultivated fields (Figure
3.7). But more usually the earth banks of the field systems
have been ploughed over and they are apparent as soil
marks of different colours (Figure 3.8). If the soil of the
banks is of a fine texture, light in colour and of low humus
content, and conditions are dry, the banks appear as light
grey tones on the aerial photographs. If, on the contrary,
the soil of the banks is coarser, dark in colour and has a
greater humus and moisture content, they are apparent
as darker grey tones. In the series of images that have
been examined here, very few dark traces were observed
in the soil, the majority being light-coloured. Of the 300
field systems recorded in the whole of Jutland, P. Harder
Sørensen reported about 95% as light-coloured traces and
about 5% as dark traces (Sørensen 1972–73, 347).
The author’s study detected 66 definite field systems,
and 52 probable and 80 uncertain. Of the 66 definite field
systems, 15 were known from earlier investigations (Hatt
1949; Mathiassen 1948). The size of the individual field
systems varies from four to 100 hectares.The definite field
systems, which are the only ones used in this study, are
defined by the following criteria:

Figure 3.8: Aerial view of soil marks of field banks in Celtic fields. Bøvling, 24 September 2008. © L. H. Olesen
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National Series
BC 1954
D341 1965
7503 1975

Definite
23
46
49

Probably definite
15 (9)
26 (5)
29 (4)

Uncertain
31
10
39

Table 3.1: The three degrees of certainty in interpreting soil marks of field systems. The figures in brackets ( ) refer to the sites
which are combined with definite sites and so used in this study.

Figure 3.9: The location of field systems (black) relative to
meadows, marshes and soil type. © E. S. Mauritsen and L.
H. Olesen

Figure 3.10: The location of settlements (blue squares) and
graves (pink dots) relative to meadows, marshes and soil type.
© E. S. Mauritsen and L. H. Olesen

–

for observation of archaeological traces, in part due to its
scale of 1:10,000, and to date has been that most used by
Danish archaeologists. The examination of the three series
in the course of this study revealed clearly, however, that
both D341 from 1965 and 7503 from 1975 are much better.
Almost 50 field systems could be recorded as certain on
the two series, against only 23 on Basic Cover 1954. The
relative number of uncertain localities is also much greater
on Basic Cover 1954 than on the other two series; in the
case of D341 only 10 are uncertain. Overall, however, it
is clear that the results become more reliable through the
use of several image series (Figure 3.9).

–
–
–

Parts of the field system must be readily recognisable
with at least three clear banks.
The sides of the banks must not appear sharp like those
of a modern drain.
The individual banks must primarily form straight
lines, in contrast to ice polygon systems, which usually
curve.
The observed banks must not just run parallel with
the direction of ploughing in the field.

Given greater experience and checking in the field, the
number of probable and uncertain localities can be reduced
considerably.
Cross-referencing between series of photographs showed
considerable variation in visibility. Only in the case of
16 of 66 field systems was the identification certain on
all three series. A total of 20 were definite on two of the
series and 30 were definite on only one series (Table
3.1). Of the earlier series of aerial photographs, Basic
Cover from 1954 has usually been considered the best

Settlements and graves
Records of 30 settlements and 48 graves have also been
used in this study (Figure 3.10). Records for these categories
were compiled from the Danish national database Fund og
Fortidsminder (Finds and Monuments), archives at the
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National Museum in Copenhagen, provincial museum
records and sites noted by Mathiassen (1948).

Evaluation of the archaeological evidence
The representativity of the field systems
Various factors can impact on the visibility, or otherwise,
of field systems on the photographs, including variability
in soil moisture content, the type of soil and its structure,
as well as time of day and of year. By examining three
different series of aerial photographs, taken at intervals of a
decade, many of the negative consequences of the physical
factors have been eliminated. The entire Basic Cover 1954
series was taken during May, whereas the northern half of
each of the two other series is from March and the southern
part from the end of April to the end of May. The fact that
they were taken earlier in the year could be a contributing
factor to it being possible to identify a larger number of
field systems on the two series from 1965 and 1975.
The importance of soil type for the identification of field
systems is difficult to ignore. Sandy heathland soil gives
the best conditions for observation, although the difference
from clayey soil is not so very great. Poor conditions
for observation due to ice polygon features on the hill
island Skovbjerg Bakkeø partially balances out the overrepresentation of sandy soils relative to clayey soils. The
negative effect of grassland on recording is minimised by
the examination of several series of aerial photographs.
Woodland, which covers 200km2 of the area, obscures
field systems (Olesen 1983, 302), and is shown along with
inland dunes on the soil map as white areas (Figure 3.4).
These lie mainly on poor soils so they have an influence
on representativity relative to soil type. This problem can,
however, be addressed by comparison with randomly
distributed points, which suggest that plantations and
inland dunes appear not to effect representativity relative
to meadows and marshes.
The degree to which post Iron Age cultivation has had
an effect on the survival of soilmarks of field systems is
as yet unknown. In the study area very few soilmarks of
field systems have, for example, been recorded alongside
the large watercourse Storeåen, though soil marks of ridge
and furrow cultivation, dating from about AD 800 to 1900,
are common. P. Harder Sørensen does, however, cite an
example of the soil marks of a field system located at the
14th century manor of Langholt near Aalborg in Northern
Jutland, in an area shown to be cultivated by ridge and
furrow in the Danish Land Register of 1688. The soil
must be presumed to have been cultivated more-or-less
intensively through 600 years, without the remains of the
prehistoric field system being erased as a consequence
(Sørensen 1982, 83).
In the present study, all the areas where field systems
were detected were examined on the Original 1 maps from
around 1800. The aim was to establish whether there was
an over-representation of field systems in the areas that
were uncultivated or lay as heath around 1800. This showed
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that 31 (48%) field systems lay in ground under cultivation
at the time of the Original 1 maps, and 34 (52%) lying in
heath. During the 19th century the cultivated area in the
study area was about 55% of the potential cultivated area
– the remaining 45% lay as heath. There is therefore a slight
predominance of field systems in heath areas. However, the
difference is so small that it is possible to conclude, on the
basis of the cited example, that cultivation during the last
two centuries has not had a significant effect on the potential
for detecting field systems on aerial photographs.
Even though the evidence of the 66 field systems is
modest relative to the size of the area and, to a great
extent, does not coincide with the settlement evidence,
the distribution of the field systems appear to be generally
geographically representative. The under-representation on
the hill islands is more-or-less balanced out by the fact that
the arable fields are easier to detect on the heath sand. The
two types of soil on hill islands and heath sand both count
as types 1 and 2 in the soil classification. These factors
together do not influence the potential for evaluating the
location of the field systems relative to meadows, marshes
and water, but they are of significance, and relative to
soil type it is necessary to exercise some caution when
evaluating the results.

The representativity of the settlements and graves
The intensity of modern cultivation can be a clear influence
on the potential for recording settlements and graves, but
whether this is the case in the study area is difficult to
ascertain due to the relatively small number of finds. The
generally more abundant finds on the moraine deposits
could be a consequence of this, but could just as well be
due to greater past settlement density on the clayey soils.
But the situation in the uncultivated areas is the same as
that in the arable fields – there are no finds.
With regard to research, the whole of the area has
been subject to a more-or-less uniform interest. The
great majority of the finds originate from Mathiassen’s
investigations in 1942–45, which comprised a relatively
uniform examination of 33 parishes (of these parishes,
two whole and three half parishes were excluded from
the present author’s investigation). At that the time of his
investigation there were no major development works or
significant recorded activity by amateur archaeologists
which might distort the picture. In conclusion, it can be
suggested that settlements and graves show something
approaching geographic representativity even though the
number of finds is relatively small.

Field systems as an expression of settlement
In the continuing investigation, the distance from field
systems, settlements and graves to the nearest meadow,
marshes and fresh water will be measured. In the case
of the field systems this will be both from the estimated
centre and from the edge closest to the meadows, marshes
and water.
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The centre is estimated as a fictitious settlement on the
basis of Von Thünen and Chrisholm’s theories concerning
the relationship between land use, distance, time and work
performed (Chrisholm 1968, 66), whereby the distance
from the village/farmstead is perceived as being the most
important factor in the exploitation of the surrounding
area. This is because there is a relationship between the
profitability of cultivation and value of the crops on the
one hand, and the time and effort used to transport labour,
manure and harvested crops on the other. The settlement
must therefore lie in the centre of the arable land which is
considered to be the village or farmstead’s most resourcedemanding field type.
Using the centre of the field system will most often give
the greatest possible distance to meadows and marshes
and water, because meadows and marshes, as a rule, abut
the field system on several sides. At the same time, there
is a guarantee that the settlement actually belonging to
the field system lies within the recorded values. In order
to establish, if possible, the correct settlement’s location
within the field system, the soil quality within 36 of the
field systems recorded on aerial photographs was examined
on the Original 1 maps from the beginning of the 19th
century. A higher soil quality away from the farmsteads
of the 18th and 19th centuries could reflect the location of
a previous settlement due to an amount of manure, refuse
and other organic material which accumulated around the
houses (Christensen 1978, 58). This situation could not
be demonstrated in the present study due, in part, to the
fact that settlement on the heath plain during the 18th and
19th centuries lay scattered as farmsteads, around which
only small areas were cultivated. Most of the fields have,
as a consequence, been affected by modern application
of manure. On the moraine deposits, most of the land
is cultivated and the opportunities for investigation are
much better. Even so, it is not possible to establish the
existence of marked differences in the soil quality within
the field systems. Neither could an investigation of several
of the known Early Iron Age settlements within the study
area reveal higher values for soil quality on the Original
1 maps.
In this respect it should be mentioned that in preindustrial agrarian societies the cultivation area is selected
first, then the location for the settlement is chosen – and
not the reverse (Carlsson 1979, 11). The cultivated area is,
understandably enough, the most important factor.

The relationship of settlement to meadows and
marshes
It is clear that the distribution of field systems (Figure
3.9) is not random and a Chi2 test also demonstrates that
the distribution is clustered. The same situation applies to
settlements and graves. The clustered distribution appears
to be determined by a preference for a location close to
meadows, marshes and fresh water.
In order to investigate whether this is the case, the
distance to meadows, marshes and fresh water from

Figure 3.11: Distance from the centre of field systems to
meadows and marshes. X-axis: metres x 100. Y-axis: number
of field systems.

Figure 3.12: Distance from the 102 randomly distributed
points to meadows and marshes. X-axis: metres x 100. Y-axis:
number of randomly distributed points.

settlements, graves and the estimated centre of the field
systems, and from the point in the field system lying closest
to meadows, marsh and water was measured. Subsequently,
the distance to meadows, marsh and water from 102
randomly scattered points in the area was also measured
in order to establish whether the distances are true values
or just characteristic of any point within the area.

Field system locations
From the histogram shown in Figure 3.11 it is apparent
how the distances from the centres of 66 field systems to
meadows are distributed. The mean value lies at 222m,
with a standard deviation of 171m. None lies more than
800m from a meadow or marsh and a marked decline is
seen at 400m.
The distance from the randomly distributed points to
meadows and marshes has a mean value of 296m, with
a standard deviation of 407m (Figure 3.12). There is,
therefore, a tendency for the randomly distributed points
also to lie close to meadows and marshes. The standard
deviation is, however, rather large, in contrast to that for
the arable fields. A Chi2 test on the two distributions also
shows a significant difference. The centre of the field
systems must therefore be said to be located relative to
areas of meadow and marsh. If the least distance from the
field systems to meadows and marshes is examined, there
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Summary
The distances from meadows and marshes to the three site
types – field systems, settlements and graves – reveal a
marked tendency for the location of the field systems, and
the settlements possibly linked to them, to be determined
by the proximity to the meadows and marshes. The same
also applies to the graves. The settlements are also located
relative to the meadows, but not so clearly as in the case
of arable fields and the graves. The reason for this could
be the small number of settlements.

The relationship between settlement and soil type

Figure 3.13: Minimum distance from field systems to meadows
and marshes. X-axis: metres × 10. Y-axis: number of field
systems.

is no doubt that the cultivated areas are located relative
to the latter (Figure 3.13). All the distances are less than
350m. Of the 66 field systems, 54 lie less than 50m from
meadows and marshes.

Settlement locations
The distance from the 34 settlements to meadow/marsh
areas lies between 0 and 980m, with a mean value of 242m
and a standard deviation of 236m. Of the 34 settlements,
87% lie less than 400m from meadow, so the sites appear
to be located relative to meadows and marshes. However,
relative to the randomly distributed points the difference is
minimal, so there is only some probability that the meadows
and marshes can be said to be localising factors for the
settlements. On the basis of the distances, the settlements
are seen to be located relative to open fresh water. The mean
value for the 34 sites is 426m, with a standard deviation
of 405m. Relative to the randomly distributed points they
show a significant difference.

Grave locations
The 48 graves show a greater affiliation to meadows,
marshes and fresh water than the settlements, with mean
values for distance of, respectively, 184m and 331m, and
standard deviations of 161m and 256m. The total number of
both settlements and graves is very small. It could be that
the close association between the graves and the meadows
and marshes is due to their marginal location within the
resource area.

In order to be able to compare the influence of various soil
types, a calculation has been carried out of the percentage
of each soil type within a 0.5km radius and a 1km radius
of the centres of the field systems and from settlements and
graves and from randomly distributed points, as well as
within the naturally delimited resource areas around arable
fields, settlements and graves. Furthermore, the percentage
of the various soil types within the actual field systems has
also been calculated. As already mentioned, the sites are
probably under-represented on poor soils due to the large
plantations and tracts of blown sand that obscure the sites.
An attempt was made to correct this situation by not making
use of the randomly distributed points that fell within these
areas. This involves a total of 17 points.

Soil conditions within the field systems and their
resource areas
The location of the arable fields relative to soil type can be
seen on Figure 3.9, while the percentage distribution of the
various soil types associated with the field systems and the
randomly distributed points is illustrated on Figure 3.14.
The distribution is more-or-less uniform for, respectively,
the actual field system, the 0.5km radius, the 1km radius and
the naturally delimited area, with 30–33% of type 1 coarse
sandy soil, 22–24% of type 2 fine sandy soil, 29–31% of
type 3 clayey sandy soil, 11–13% of type 4 sandy clayey
soil, 2–4% of type 5 clayey soil. Significant similarity is
apparent between the different distributions.
The result shows, therefore, a preference for sandy
soil, with 85% of soil types 1–3, but in comparison with
the randomly distributed points, this predominance does
not appear to be particularly great. Here, 31% is of type
1, 18% of type 2, 24% of type 3, 23% of type 4 and 4%
of type 5. In the case of types 1 and 5, the percentages
are the same, whereas the field systems have 5–6% more
of both types 2 and 3 and 10–12% less of type 4. This
small difference suggests that Early Iron Age farmers had
a slight preference for the rather poor to clayey sandy soil
rather than the sandy clayey soil. The very poor sandy soil
and the pure clay soil appear to be neither preferred nor
avoided. However, it should be pointed out that this small
difference could be due to bias.

28

Lis Helles Olesen

Figure 3.14: Bar chart showing the percentage distribution of the various soil types within the field systems and their
exploitation areas and within the radii of the randomly distributed points. A: Actual field system, B: 0.5km radius, C: 1km
radius, D: Naturally delimited resource area, E and F: 0.5km and 1km radii of randomly distributed points – showing identical
distributions, F: Non-classified areas.

Figure 3.15: Bar chart showing the percentage distribution of the various soil types within the settlements’ exploitation areas
and within the radii of the randomly distributed points.

The soil conditions around settlements and graves
From Figure 3.15 it is apparent that the areas within
0.5km and 1km radii of the settlements and their naturally
delimited areas have a more-or-less uniform distribution of
soil types: 29–31% of type 1, 18–21% of type 2, 10–12% of

type 3, 26–31% of type 4 and 8–12% of type 5. Relative to
the randomly distributed points, there is a greater preference
for sandy clayey soil, type 4, and pure clayey soil, type
5, at the cost of clayey sandy soil of type 3. Soil types 1
and 2 – the poorest – appear to be neither preferred nor
avoided. The field systems show a greater preference for
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sandy soil types 2 and 3. The settlements seem to prefer
clay soils. Collectively, the evidence shows that any soil
type was used for occupation and land use without any
one type being preferred over another.
The distribution of soil types for graves gives more-orless the same result, though, when compared directly to the
settlements there is about 10% less of type 1 around the
graves and around 10% more of soil type 3. The reason
for this could be that several of the Early Iron Age graves
are inserted in Bronze Age burial mounds, and these lie
along the edge of the glacial end moraine, which comprises
exclusively soil type 3. The result from the graves cannot be
attributed great weight due to the small number of recorded
sites. It can merely be concluded that the graves confirm
the picture from the investigation of settlements, with more
sites on clayey soil rather than sandy soil.

Summary
The clustered distribution of sites does not appear to be
due to the distributions of soil types, as all types were
settled and exploited. Rather, the most important of the
geomorphological influences on site location was the
positions of meadows and marshes. In addition to this,
various social, trade-related and political conditions were
of significance in determining why people settled in
particular areas.

Distribution of meadows, marshes and arable land
within the resource areas
The close proximity of meadows to settlement locations
shows that subsistence in the Early Iron Age was in part
based on animal husbandry, a point that has further support
from the discovery of stall dividers in many excavated
houses of this date (Jensen 2003, 269). A large percentage of
meadow and marsh within the resource areas could further
support the importance of this. In order to investigate this,
the relationship between potential arable land and meadow
and marsh was calculated within a radius on 0.5km (80
hectares) and 1km (320 hectares) of the centre of the field
systems.
The use of catchment areas builds partly on the work
of Von Thünen and partly on site catchment analyses (as
outlined above), and assumes cultivation patterns will
be structured as a series of concentric zones around the
settlement with the intensively cultivated areas closest
to the settlement. According to Chrisholm (1968, 66) in
agrarian societies there is a critical limit of 1km, outside
which the net yield falls drastically. Then at a distance
of 3–4km the running costs rise so sharply as to become
disproportionately large. Agrarian societies will therefore
rarely exploit land lying beyond this limit. Instead, they
will alter the cultivation pattern radically, or establish new
settlements. In general, there is said to be a tendency for
cultivated land to cease at a radius of 1–2km from the
settlement (Chrisholm 1968, 131).
In this study, a maximum radius of 1km from the centre
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of the field systems and settlements has been chosen for
the resource area. The reason the 2km radius has not been
examined is due to an evaluation of the density and internal
relative relationships between the field systems (see Figure
3.7). A 2km radius from the centre of one field system
would, in most cases, extend over many other cultivated
areas. In the areas where the field systems lie close together,
a radius of 0.5km appears to correspond better to the
naturally delimited resource areas of the individual sites.
In other areas there is, however, the potential for a larger
exploitation radius. Finally, the contemporaneity of the
field systems is, after all, unproven.
As access to resources was probably of greater
importance than distance, it has, as a working model,
been attempted to delimit the natural resource areas, and
in the great majority of cases this was very simple (Figure
3.7). Meadows, marshes, watercourses, valleys and hills
are perceived as hindering access and therefore delimiting
for the resource area. The size of the area of the delimiting
meadows and marshes belonging to a particular resource
area is determined by watercourses, which are perceived
as lines of demarcation. Where no watercourse is present,
half of the meadows and marshes are allocated to one
resource area, with a corresponding area allocated to the
neighbouring area, whether it existed in the early Iron Age
or not. This gives the least possible area of meadow within
the resource area.
The reason that a great deal of emphasis has been placed
on the naturally delimited resource areas is because only
they can be used to determine the relative significance of
various activities such as arable agriculture and animal
husbandry. The measurements were carried out on the
scaled-down parish maps from the 1830s at 1:20,000. All
areas of land apart from meadows, marshes and bogs are
considered as potential arable land, irrespective of slope as
field systems are present on even the steepest of slopes.

The percentage area of meadows and marshes
within the field systems’ exploitation areas
The meadows and marshes comprise on average 20.8%
and 22.2% of the land within, respectively, the 0.5km
and the 1km radii. The histograms do, however, differ
significantly from each other. For example, 28% of the
0.5km areas contain less than 10% meadow and marsh,
whereas only 11% of the 1km areas contain less than 10%.
This difference can be interpreted as the areas of meadow
and marsh most often lying at the edge of the exploitation
areas (i.e. a theoretical area exploited by the contemporary
population during the Iron Age).
The randomly distributed points have respectively
18.3% and 18.2% meadow and marsh within the 0.5km
and the 1km radii. Only relative to the field systems 1km
radii are there significant differences, for example because
33% of all the randomly distributed radii points have less
than 10% meadow and marsh. The naturally delimited
areas of the arable fields have on average 24.9% meadow
and marsh. The distribution shows a significant difference
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Figure 3.16: Cropmarking of houses from the 3rd–2nd centuries BC – some with stall dividers. Spjald, 26 June 2008. © E. S.
Mauritsen and L. H. Olesen

from the 0.5km radius for arable fields with significant
agreement relative to the 1km radius. The field systems’
naturally delimited resource areas and the 1km radius have
therefore a greater proportion of meadow and marsh than
the randomly distributed points. Even though the naturally
delimited areas have an average size of 153.5 hectares and
1km radii 320 hectares, there is a great deal of agreement
between the two.

The percentage area of meadow and marsh within
the settlements’ exploitation areas
The areas within the 0.5km and 1km radii of the settlements
comprise, respectively, 16.6% and 19.6% meadow and
marsh. As with the field systems, it is only the 1km radii
that show a significant difference relative to the randomly
distributed points. The settlements’ naturally delimited
resource areas have a meadow and marsh area of 22.2%.
The distribution differs between the 0.5km and the 1km
radii.
The settlements’ (without field systems) proportion of
meadow and marsh is therefore less than that of the field
systems (and the settlements associated with these). This
is possibly due to there being more settlements on the
good soil and subsistence here not being so dependant on
animal husbandry to provide manure for the fields. A larger
number of settlement sites would of course be desirable.
The graves confirm the picture.

Summary
The examination of the percentage proportion of meadow
and marsh within the various resource areas showed that
there was a greater proportion within a 1km radius of
the field systems and settlements and naturally delimited
resource areas than within a 1km radius of the randomly
distributed points. The same was the case for the resource
areas where only graves were represented. Conversely,
the areas within a 0.5km radius of the field systems and
the settlements showed agreement with the proportion of
meadow and marsh within a 0.5km radius of the randomly
distributed points. Furthermore, the field systems’ naturally
delimited resource areas showed such great similarity to the
areas within the 1km radii that these could just as well have
been used to show the distribution of arable land/meadow
and marsh within the resource areas.
For the reasons given above, it is estimated, at least
in the case of the arable fields, that the resource areas
were, on average, greater than 80 hectares (0.5km radius).
In comparison, the naturally delimited resource area of
the Early Iron Age village of Hodde, excavated in total
between 1971 and 1973 by Hvass (1985), is 351 hectares,
comprising 22.8% meadow and marsh and 77.2% arable
land. In the present authors study the area at Hodde was
calculated from the Original 1 map according to the same
principles as the other calculations.

Conclusions and perspectives
This study of 66 field systems, 30 settlements and 48 graves

3. The use of aerial photographs in the study of Early Iron Age settlement patterns in Western Jutland
of Early Iron Age date has explored the relationships of sites
to soil type and meadow/marsh areas. The small number
of sites available for study is a limitation on these results,
but some broad patterns can be identified.
The resource areas of settlement appear to be on average
greater than 80 hectares (e.g. within 0.5km radius), with
arable concentrating into the inner parts of the resource
areas. Meadow appears to lie between the 0.5km radius
and the 1km radius. The meadows must therefore be
perceived as crucial for the location of the settlements,
supporting a view that animal husbandry was a key part of
subsistence. Indeed, excavated examples of stall dividers
in houses of the period (Jensen 2003), show that the
subsistence base was part arable agriculture, part animal
husbandry, presumably in a strongly mutually dependant
relationship. The even distributions of soils revealed by
the analyses may support this case – in an economy in
which arable agriculture and animal husbandry are of equal
importance, grass for cattle is most important while soil
type is somewhat secondary (Hansen 1964, 132). Such an
economic base, supplemented by trade, possibly involving
bog iron ore, of which considerable amounts occur in
Western Jutland, could have supported a robust Early Iron
Age society with well-developed village units.
In conclusion it should be pointed out that a larger
number of sites – at least in the case of settlements – would
be desirable. This could be achieved through a targeted
programme of data collection based on the results of this
study and involving, for example, thorough reconnaissance
of field systems. The location and recording of, for example,
quern stones through advertising in the press and on
television would very certainly also lead to the discovery
a large number of settlement sites. And last, but not least,
aerial reconnaissance and photography in dry summers
will help to improve the data set, especially establishing
the location of settlements relative to the arable fields, and
is being pursued at the present in a project entitled ‘An
aerial view of the past – aerial archaeology in Denmark’
(Figure 3.16).
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