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Abstract - In recent years there has been a renewed interest
in soils which are the result of past land management prac-
tices involving substantial additions of mineral and organic
matter. However, there is still a substantial lack of detailed
information on their formation. Anthrosols are distinguished
by the presence of a deep top horizon and such soils were
investigated at sites in Scotland, Denmark and The Neth-
erlands. Field data and samples were collected from eight
sites under arable cultivation, meadowland and woodland.
Particle size distribution, pH, loss on ignition, ECEC, base
saturation and total P were measured. Carbonaceous particles
were identified through micromorphological analysis and the
determination of O:C ratios using an electron microprobe.
Despite the use of different inputs in recent centuries and dif-
ferent current land management, the resultant anthropogenic
soils are remarkably similar in field and analytical properties.
Nevertheless, subtle changes in particle size can be explained
by parent material influences, material imported by farmers
and by inputs by other processes such as by wind. The results
from microprobe analysis demonstrate the importance of car-
bonaceous particles in storing phosphorus. Thus the inherent
fertility of these Anthrosols can be explained in part by the
application of carbonised material in the past.

Key words - Anthrosol, chemical analyses, physical analyses,
Scotland, The Netherlands, Denmark.

Riassunto - Identificazione e significato degli apporti agli
antrosuoli in Europa nord-occidentale. Recentemente si €
manifestato un rinnovato interesse per i suoli originati da
pratiche agricole del passato che abbiano implicato aggiunte
notevoli di materia minerale ed organica. Tuttavia vi € anco-
ra una notevole mancanza di informazioni dettagliate sulla
loro formazione. Antrosuoli caratterizzati dalla presenza di
uno spesso orizzonte superficiale sono stati studiati in Sco-
zia, Danimarca e Paesi Bassi, raccogliendo dati di campagna
e campioni in otto localita, sotto campi arati, prato e bosco.
Sono state effettuate analisi granulometriche, misure di pH,
perdita alla combustione, ECEC, saturazione in basi e P totale.
Le particelle carbonatiche sono state identificate per mezzo di
analisi micromorfologiche e attraverso la determinazione del
rapporto O:C con microsonda elettronica. Si € osservato che
i suoli antropogenici sono notevolmente simili sia sul campo
che dal punto di vista analitico, quantunque vi siano stati dif-
ferenti apporti nei secoli recenti ed indipendentemente dalle
pratiche agricole attuali. Tuttavia vi sono lievi variazioni nella
granulometria che possono essere imputate all’influenza della
materia prima, al materiale introdotto dagli agricoltori e ad
apporti derivanti da altri processi, ad esempio il vento. I risultati
delle analisi alla microsonda dimostrano 1’importanza delle

particelle carbonatiche nell’immagazzinamento del fosforo. La
caratteristica fertilita di questi Antrosuoli pu0 essere spiegata in
parte dall’aggiunta nel passato di materiale carbonizzato.

Parole chiave — Antrosuoli, analisi chimiche, analisi fisiche,
Scozia, Paesi Bassi, Danimarca.

INTRODUCTION

The last decade has seen a growing and renewed inter-
est regarding anthropogenic soils which owe their dom-
inant characteristics to past land management practices.
These soils, besides being of particular pedological
interest, are also of high archaeological significance
given the high density of sites which frequently occurs
on them. According to the World Reference Base for
Soil Resources, anthrosols are distinguished by an
uppermost horizon of at least 50 cm which has been
substantially modified by human activity (Bridges et
al., 1998). Integral to their formation was the addition
of substantial manure and/or waste materials such as
organic matter from cut turves (plaggen), forest litter,
bracken, seaweed, manure from byres, waste materi-
als from houses, and calcareous beach sand. A plaggic
horizon is formed by the addition of turves whilst ter-
ric horizons result from the addition of mineral mate-
rial. Early research on plaggen soils was done by Pape
(1970) for the Netherlands and Conry (1974) for Ire-
land. In Scotland Davidson et al. (1998) and Carter
(2001) investigated such deepened soils using micro-
morphology. Simpson (1997) and Simpson et al. (1998,
1999) integrated micromorphology with other tech-
niques including the identification of biomarkers. In
Denmark research on soil history has been discussed by
Gormsen (1991), Stoklund (1999) and Dalsgaard et al.
(2000). In The Netherlands, Spek (1992) and Smeerdijk
et al. (1995) combined soil profile analysis, micromor-
phology and detailed investigation of landscape history
with a similar approach in Belgium being adopted by
Langohr (2001). The recent rise in research related to
anthropogenic soils can be attributed to the realisation
that such soils contain unique evidence regarding past
use of soils. Furthermore, the need to formulate soil
protection strategies as specified by the Commission of
the European Communities (2002) is requiring member
States to identify «valued» soils; it can be argued that
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anthropogenic soils are of distinctive character meriting
protection. Questions related to their sustainable use
can only be addressed once there is a fuller understand-
ing of their nature and formation. This study addresses
these issues through the analysis of anthropogenic soils
at three sites in Scotland, Denmark and The Nether-
lands, all on sandy parent material.

MATERIALS AND METHODS

Study areas

The first study area is near Nairn in north-east Scot-
land (57° 34’ North, 4° 53° West). Nairn is built on
fluvioglacial terraces along the river Nairn. The Soil
Survey of Scotland (1974) mapped freely drained Iron
Podzols with a deepened phase in the southern outskirts
of the town. A topsoil depth of 60-80 cm was confirmed
by augering. For the parishes Moy and Dyke close to
Nairn, the Old Statistical Account of Scotland (Sinclair,
1791-1799) describes the use of turf sods and additions
of sand to dung by farmers. Donaldson (1794) refers in
the General View of the Agriculture of the County of
Nairn to the use of sand as litter in sheep stables, which
is put afterwards on the dung-hill. However, when these
practices began is uncertain. The period of maximum
activity leading to the deepening of these soils was
likely to be in the 18" and early 19" Century (Mairi
Stewart, pers. comm., 2002). Rebuilding of turf walls in
Nairn produced much waste material which would have
been spread onto local fields. In addition, local farm-
ers used seaweed until the Second World War (Joanne
Thomas, pers. comm., 2002). Most of the anthrosol
is under arable cultivation. However, deciduous tree
plantations and fields under long term grass are also
present. Three well drained representative soil profiles
were selected in the area of anthrosols near to Nairn viz
arable land, meadow land and woodland.

The second study area is located at Epse (52° 14’ North,
6° 13’ East) in the East of the Netherlands, close to
the city of Deventer. Epse, a small rural village on the
banks of one of the tributaries of the river IJssel, is
characterised by the presence of several mixed farms
which date back to the High Medieval period (11%-
13" century). It is a coversand landscape on which
dark brown plaggic anthropogenic soils have formed
(The Soil Survey of the Netherlands (1979). Tillage
of the original soil began during the 11™-13"% centuries
whilst intensive plaggen manuring started probably c.
16" century (Domhof, 1953; Slicher van Bath, 1957,
Bieleman, 1992; Groenewoudt et al., 1998). Possible
sources would have been sods from nearby heath and
meadow land. A study site was selected on a farm called
«De Olthof» («the Old Manor») and three profiles were
located on a well drained coversand ridge under three
different land uses — arable land, meadow and a decidu-
ous tree plantation.

The third study area is located in the South West of
Ulfborg, Jutland, Denmark though the two profiles
were some distance apart (c. 14 km). The first profile
at Staby is located along a fjord just a few kilometres
from the present coastline (56° 16’ North, 8° 15’ East).

Remnants of Viking age (9-11" Century) houses were
found and anthrosols with a topsoil depth of around
80 cm overlie these remnants (Dalsgaard et al., 2000).
The parent material is well-sorted sand of marine or
lacustrine origin. Seaweed and turves from meadow
land were mixed with cattle manure for application to
the land. High quality meadows are close to the site.
One profile from arable land near the Viking settlement
was selected. The second Danish site is in a Norwegian
spruce plantation called Strasg, underlain by fluviogla-
cial sands and named after a farm dating to before 1435
AD (56° 15’ North, 8° 28’ East). Cultivation started at
this site around 1300 BC and farmers used sods from
Calluna heathlands mixed with manure (Dalsgaard et
al., 2000). Anthrosols under the plantation are shallow
and one profile was selected from the plantation on the
former cultivated fields of the old Straasg farm.

Laboratory analysis

Soil sampling was at 5-10 cm depth increments with
some variation according to depth and horizon. Particle
size distribution was determined by laser diffraction.
Standard soil analysis for pH (H,O, 1:2.5), loss on igni-
tion (425 °C), ECEC (KCI 1 M extraction), base satura-
tion (KCI 1 M extraction) and total P of the fine earth
fraction, < 100 um, (sodium hydroxide fusion method,
Smith et al., 1982) were done. In Scotland and Den-
mark, additional samples were taken from areas which
had been potentially used by local farmers as sources
of materials. Central to the study was comparison of
particle size distributions of the anthropogenic horizons
with those of the underlying parent material as well
as with other possible source materials. Of particular
interest in the study was investigation of the fertil-
ity of the anthrosols. It was expected that this would
be closely related to the availability of P. Thus for a
trial study, a soil thin section was prepared from the
Nairn anthrosol for microprobe analysis of P distribu-
tion. This was undertaken in the Department of Earth
Sciences, University of Manchester using a Cameca
SX100 electron probe.

RESULTS AND DISCUSSION

A summary of the analytical results is given in Table 1.
The high sand content is to be expected given the nature
of the parent material at all the sites: the texture of the
anthropedogenic horizons is generally loamy sand and
the texture of the underlying parent material is gener-
ally slightly coarser than the upper horizons. Of note
also from Table 1 is the high mean total phosphorus
value though much variability is evident. The mean
depth of the anthropogenic horizons is 0.85 m with a
maximum of 1.35 m recorded for the Epse, pasture site
and a minimum of 0.25 m for the Strasg spruce site.

Particle size distributions as indicators of anthro-
pogenic inputs

Particle size distributions of the upper anthropedogenic
horizons can be contrasted with the parent material in
order to identify if there has been addition of material
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Tab. 1 - Summary of analytical properties for the sites in Scotland,
Denmark and the Netherlands.

Mean Std deviation
Clay (<2 um) % 3 1
Silt (2-20 um) % 15 5
Fine sand (20-200 um) % 57 8
Coarse sand (200-2000 um) % 25 10
Loss-on-ignition % 3.7 1.5
ECEC cmol/kg soil, fine earth 3.4 1.3
Total P mg/kg soil, fine earth 706 271
Base saturation % 71 31
pH 5.0 0.7

with contrasting particle size distribution. The strik-
ing result from Nairn is the contrast in particle size
bimodal distributions for the A and the lower horizons
(Fig. 1). This provides strong evidence for the import
of finer mineral material. The bimodal distribution can
be explained by mineral input. The first maximum on
the left of the bimodal distribution of the anthropo-
genic horizons can be attributed to additional inputs
by farmers. There is historical evidence for the use of
turf sods for house construction in Nairn (M. Stewart,
pers comm.); such walls had limited life-spans and thus
there had to be the ultimate disposal of the material onto
local fields, probably in association with other urban
waste. Another possibility is that this peak indicates the
addition of pure sand. Donaldson (1794) comments that
farmers in the area used sand for spreading in byres, a
process also observed in the Netherlands (Pape, 1970).
The second peak from the left coincides with the modal
particle size class for local beach sand. There are several
mechanisms by which beach sand could have become
incorporated into these old cultivated soils. Beach sand
may have been applied directly as was done in Ireland
(Conry et al., 1999). Alternatively, the sand may have
been first mixed with dung before field application,
a previous practice in local parishes (Sinclair, 1791-
1799; Donaldson, 1794). A certain amount of beach
sand could also have been added when seaweed was
applied. In addition, it is likely that aeolian deposition
resulted in the addition of silt and fine sand; «sand
storms» are well documented for the Nairn area and
continue today.

In contrast to the Nairn site, peaks in the particle size
distribution curves for the Danish profile (Staby) are
virtually identical to the parent material (Fig. 2). With
increasing depth the particle size distribution becomes
more narrow and similar to the underlying parent mate-
rial. The topsoil of this Danish anthrosol has a greater
amount of silt and fine sand than the underlying parent
material. This is probably related to mineral input from
the addition of turves from local marshy meadows close
to the Staby site. On the Strasg site the increased clay
and silt fraction can be explained by fine dust captured
by the Mor-layer (O horizon) from heather which is
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Fig. 1 - Particle size distributions for the site at Nairn (Scotland)
under pasture.

afterwards transported to the farm together with the
sods. Dalsgaard et al. (2001) measured the captured
fine sediment of less than 64 um in the Mor-layer (O
horizon) from the Straasg area. Based on these mea-
surements and historical information on the use of the
sods from the heathland, it is estimated that most of
the increase in the fraction of less than 63 pum can be
attributed to this process (Gormsen, 1991; Dalsgaard et
al., 2000). However, there may also have been greater
use of turf and associated fine sediment from nearby
meadowland.

The particle size distribution of the samples from
the profile under arable land at Epse shows a simi-
lar decrease in sand around 200 um and increases in
fine sand, silt and clay (Fig. 3). Again the increase in
fine sand and silt can be attributed to the use local turf
from meadowland. Historical documents show that the
use of meadow turves was quite common in the 16%
and 17" centuries whilst in the 18" and 19" centuries
it was strictly forbidden because of the damaging effect
on the grassland. After that farmers changed mainly
to heathland turves. This historical process is clearly
reflected in the particle size distributions of the Ap4
(high content of fine sand and silt, meadow turves) and
the Ap3-Ap2-Apl (lower content of fine sand and silt,
heathland turves). The increase in fine sand is more
marked than for the Danish site, perhaps explained by
the use of sand on the floors of byres (Pape, 1970) in
a similar way to the Nairn site.

Phosphorus distribution as determined from micro-
probe analysis

High levels of total phosphorus are characteristic of
anthrosols, especially if a plaggen formation process is
involved. Figures 1, 2 and 3 illustrate the distribution
of total phosphorus with depth; generally there is much
uniformity and enhancement in the uppermost 80 cm
followed by a decrease in the B and C horizons. Micro-
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Fig. 2 - Particle size distributions for the site at Staby (Denmark)
under arable.

morphology combined with microprobe analysis offers
the opportunity to determine where the concentrations
of phosphorus occur within the soil structure. The
hypothesis was that this phosphorus would be associ-
ated with carbonised material. Black amorphous parti-
cles were first isolated through thresholding procedures
within an image analysis system and sample results
are illustrated in Figure 4. Determination of whether
particles are pure carbonised material or mineral mat-
ter coated with organic material cannot be determined
by conventional microscopy. Stoffyn-Egli et al. (1997)
illustrate how determination of O:C ratios offers a way
to distinguish between different types of black features
and they proposed that O:C ratios between 0.05 and

TR
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I Black carbonaceous particles
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Fig. 4 - Distribution on a soil thin section of black carbonaceous
particles and concentrations of phosphorus from electron microprobe
analysis. The sample is from the Epse site (the Netherlands) on arable
land at a depth of 63 cm.
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Fig. 3 - Particle size distributions for the site at Epse (the Nether-
lands) under arable.

0.1 are indicative of charcoal. Figure 4 illustrates the
distribution of such carbonised particles and further-
more, those particles with a marked concentration of
phosphorus are indicated. On the whole it seems that
phosphorus concentrations are associated with larger
fragments of charcoal though this is now always the
case. Figure 5 illustrates at a more detailed scale the
association of phosphorus with a large fragment of
charcoal. Phosphorus is associated with the perim-
eter as well as with the internal voids of the charcoal.
These illustrative results confirm the hypothesis that
soil phosphorus in anthrosols is very much associated
with carbonised material though further investigation
of this is clearly required.

Bl Concentrations of P

200 pm

tb Large charcoal fragment

Fig. 5 - The association of phosphorus with a large fragment of char-
coal. The sample is from the same context as in Figure 4.
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CONCLUSIONS

This has been the first study to directly compare anthro-
pogenic soils of north-west Europe. The key finding
from this comparative study indicates that despite the
use of different inputs in recent centuries and different
current land management systems at the 3 study areas,
the resultant anthropogenic soils are remarkably similar
in field and analytical properties, such as particle size
distribution, ECEC, loss on ignition and total P. Con-
trasts in particle size distributions between the anthro-
pogenic horizons and the underlying parent material are
used to identify input sources from turf. Despite inputs
from aeolian inputs at the Scottish and Danish sites, it is
likely that turf, often from areas of finer textured soils,
provided the main source of mineral additions. Such
material also contained domestic waste including car-
bonised material which continues to be of soil fertility
value given its ability to store phosphorus.
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