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Abstract

Human activity can affect the soil in ways which are traceable long after the land has
been given over to other uses, and past land management practices can be reconstructed
by investigation of these relict characteristics. In some regions the addition of fertilising
materials to the arable soils has created artificially deepened anthropogenic topsoils
which can be over 1 m thick. Such relict soils are found all over the world, and are
widespread in north-western Europe. This work focuses on the anthropogenic soils 1n the
Northern Isles, which were formed from the Neolithic period up until the 20" century.
Three multi-period sites were investigated using thin section micromorphology,
organic/inorganic phosphate analysis, soil magnetism, particle size distribution, loss on
ignition and soil pH.

Current views of anthropogenic soil formation, based on pedological investigation and
historical documentary sources, are that they are formed as a result of the addition of
domestic animal manures and turf used as animal bedding to arable areas. This project
sets out to test the hypothesis that in fact anthropogenic soils are the result of a wide
range of formation processes which took place over extended periods of time. The
hypothesis has been tested by analysing soils and associated middens of different dates,
which have been sealed and protected by blown sand deposits. The results have shown
that in the Neolithic period arable soils were created by cultivating the settlement’s
midden heaps as well as by adding midden material to the surrounding soils. In the
Bronze Age human manure, ash and domestic waste were spread onto the fields around
the settlements to create arable topsoils up to 35 cm thick. In the Iron Age arable
agriculture was intensified by selective use of organic manures on on¢ of the sites
investigated, but organic waste material was not used as efficiently as it was in later
periods, and on both sites it was allowed to accumulate within the settlements. In the
Norse period, when the intensive system used in historical times appears to have
originated, organic waste may have been used more efficiently. These changes appear (o
reflect a greater organisation of land resources and manuring strategies and increased

demand for arable production over time.
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CHAPTER 1: INTRODUCTION

1.1 The Archaeological Landscape

Archaeological research has moved away from the study of sites in isolation and has
moved towards the analysis of sites together with their hinterland, so that the
archaeological landscape can be considered as a whole. Archaeological landscapes
develop and change, so that a number of distinct landscapes may succeed one another
over the course of millennia, especially on areas of good agricultural land. Land use
will change over time, settlements may disperse or cluster, boundaries move and are re-
aligned, and fields take on different functions as the economic base of a group changes.
In some regions, such as East Anglia and Wessex, the palimpsest of different
landscapes can often be untangled by tracing the different alignments of field
boundaries, which survive despite the soils of the arable fields having been reworked
by subsequent cultivation. On Mainland Scotland the untangling of palimpsest
landscapes has proved to be more difficult, and not only are the arable soils reworked
but even the phasing of structures and boundaries is made difficult by their dispersal
and by continuity of boundary alignment (Chrystall 1998). The problem of
distinguishing landscapes of different periods makes it difficult to investigate changes

in land use, resource management and subsistence strategies over time.

The environmental conditions of the Northern and Western Isles provide the

archaeologist with a rare opportunity to compare sequences of past landscapes which



can sometimes span millennia. Periodic episodes of sand blow cover the settlements
and their arable fields, so that in some areas whole landscapes are preserved intact. The
settlements often continued to be occupied or were re-occupied, and the arable fields
were re-created. Although later settlements were often built on top of the old, the
culture and economic bases changed over time, as different cultures responded to the
same environment in different ways and as the environment itself changed and
resources became scarce. It 1s to be expected that different cultures will place differing
emphasis on marine resources, cereals, animals and animal products, and will have
differing preconceptions of how things ‘ought’ to be done. There will also be differing

economic opportunities as societies grow in complexity.

The aim of this project is to investigate a series of archacological landscapes in order to
identify the changes in arable land management practices that took place over time in a
region. The investigation spans c. 5500 years, from the Neolithic, which in the
Northern Isles begins around 3500 BC, until AD 1967, when the traditional pre-
industrial manuring system went out of use on the farms of Papa Stour, Shetland. The
underpinning theory is that some of the social changes which took place during this
time are reflected in the way that land was used, and in particular the intensity with
which it was farmed. The links between land management and social organisation will

be discussed further in Chapters 2 and 3.



1.2 _The Northern Isles

The Northern Isles were selected as the study area because of the preservational
conditions outlined above. The region is low-lying, windy and exposed with a maritime
climate which stabilises the temperatures, so that the summers are cool and the winters
are relatively mild. Arable agriculture in this region is limited by the short growing
season and by the poor quality of the soils, which derive from drift and sand. In the
sandy areas the soils sutfer from poor water retention and poor structural stability
because of the lack of organic material, while the soils on drift tend to be waterlogged
and acidic. In the last few hundred years soil improvement in the Northern Isles was
brought about through manuring, which added nutrients and provided cohesion to the
sandier soils. The intensive addition of mineral and organic manures has created a
distinctive type of soil, in which the topsoil horizon can be up to 1m in depth. The
complex method by which most of these soils were created is well documented, having
been used in more isolated areas until as recently as the 1960s (Fenton 1978). Turves
were cut from areas of rough grazing land which was fenced off from the intensively
cultivated arable land. The turves were either burned for fuel and the ash was spread as
bedding in the cattle byres, or they were placed directly into the cattle byres. The byres
were regularly mucked out and the slurry-soaked bedding was deposited in midden
heaps, which were spread onto the arable land in the spring. This system of soil
improvement creates a deep, nutrient-rich topsoil which is known in Germany and the
Netherlands as a plaggen soil, from the German ‘plagge’, or sod (Conry 1974). Most of
the deepened topsoils in the Northern Isles probably originated in the Norse period and

continued to develop until the 19" or 20" centuries (Simpson 1993; Davidson and



Simpson 1994), but amended Neolithic, Bronze Age and Iron Age soils have also been
found. Previous work on these soils (Simpson et al 1998a; Simpson et al 1998b) has
demonstrated that the prehistoric soils were created by different means than the Norse

and later soils.

The analysis which took place prior to this project was concentrated on the arable soils,
which are only part of the archacological landscape. In this project the arable soils were
analysed together with the settlement deposits in order to identify the range of material
which was produced in the settlements. Control samples were taken from upland areas
around the sites in order to identify the possible sources of the turves used as fertilisers,
and reference samples were created in order to identify local materials such as peat and

peat ash. By analysing material from outlying areas together with the material in the

middens and arable soils, the use and re-use of material could be identified. The
analysis has provided new insights into continuity and change in land management

practices from the Neolithic until the pre-industrial modem period.

1.3 Thesis OQutline

This work begins with a review of the development of arable agriculture in Britain, and
goes on to review the literature on the development and classification of deepened
arable soils and manuring (Chapter 3). The review chapters provide the background out
of which the hypotheses are developed, and Chapter 4 sets out the research design and
the methods by which the hypotheses were tested. The results are presented in three

chapters, one chapter for each site which was analysed in the course of the project. The



results are drawn together in the final discussion which considers the contribution of
the project to wider issues in archaeological research. The concluding chapter

summarises the changes which took place over time in the region.



CHAPTER 2: ARCHAEOLOGICAL BACKGROUND

2.1 Introduction

This chapter provides a summary of the archaeological settlement patterns and
economy in Britain and the Northern Isles from prehistory to the post-medieval periods.
The aim is to produce an overview of the archaeological setting to the research and to
introduce the current ideological debates. The emphasis is on arable agriculture and the
impact of agriculture on settlement mobility, and the review also considers the social

changes that took place after more sedentary lifestyles were adopted.

The terms we use to talk about archaeological concepts are continually changing as we
look to answer more complex questions about the past. The chronological terms
Mesolithic, Neolithic, Bronze Age and Iron Age originally referred to the technology of
the different periods, and while we still use the terms we now use them to refer to
particular types of culture rather than to the technology of that culture. For example, the
Mesolithic was a time when tiny flint implements were made, but more importantly the
Mesolithic peoples were hunter-gatherers, i.e. they had an economic base which meant
that they were largely mobile, owned few possessions and used a large area to gather

resources.



2.2 Arable Agriculture in the European Neolithic

The beginning of the Neolithic was marked by the introduction of agriculture, although
there is evidence that arable agriculture was practised on a small scale by the hunter-
gatherers of the preceding Mesolithic (Barker 1985; Armit and Finlayson 1996;
Zvelebil 1994). The shift from a hunter-gatherer society to an agricultural one would
have been a major change, and there has been a great deal of debate over how quickly
and how extensively this change took place (e.g. Thomas 1991; Whittle 1996a and b;
Barclay 1997). The key issues have been the extent to which Neolithic peoples became
sedentary, and how much of their hunter-gatherer lifestyle they maintained (ibid.). Ard
marks and cereal grains indicate that agriculture took place on a number of Neolithic
sites in Britain and Europe, but the cultivation may not have taken place in permanent
plots (Barclay 1997). Evidence for sedentism has been based on the survival of field
boundaries (e.g. Caulfield 1978; Whittington 1978) and on funerary monuments which
appear to mark out territorial boundaries (Barker 1985). Evidence for mobility has
rested on the rarity of Neolithic structures and the absence of field boundaries 1n
lowland Britain (Thomas 1991; Whittle 1996a and b). Both sides have drawn on the
palaeoecological evidence (discussed below), which has been're-interpreted several

times (ibid; Mercer 1981).

2.2.1 Slash and burn
Neolithic agriculture was initially thought to have taken place in small fields In

temporary clearings (Iversen 1941). The model was based on the ‘swidden’ or slash and



burn system which was practised in Scandinavia until the 20th century, which Iversen
suggested might have had its origins in the Neolithic. This system, described by
Linnaeus in 1751, involved the felling and burning of temperate forest on very poor,
stony soils. The ash from the burnt wood enriched the soil with calcium and potassium,
creating a fertile agricultural soil for a single year’s crop followed by several years of
grazing before the forest was allowed to regenerate. The land in this long fallow system
required 20-25 years to recover (Boserup 1965). Pollen diagrams produced by Iversen
(1941) and Troels-Smith (1953) showed a decline in arboreal pollen with a
corresponding increase in plantain, followed by peaks in birch and hazel which were
followed by increased arboreal pollen. This succession was interpreted as representing
a single episode of clearance or slash and burn, and was thought to have taken place
over about 60 years (Iversen 1941). After radiocarbon dating demonstrated that the
succession had taken place over 300 years, the diagram was reinterpreted as showing a

number of clearances and regenerations (Troels-Smith 1953).

Soil and sedimentary evidence has been used to demonstrate past arable activity and to
some degree the scale of the activity. Localised colluvial and alluvial sediments began
to accumulate in European valleys and floodplains in the Neolithic, indicating clearance
and/or disturbance of land within the catchment (Butzer 1982: Needham and Macklin
1992). More extensive sedimentary deposition in the Middle and Late Bronze Age
indicates greater human 1mpact at that time (ibid.). The presence of charcoal in soil is
sometimes interpreted as representing vegetation clearance by buming (Courty et al.

1989) or for slash and bum agriculture (Romans and Robertson 1975) but it has also



been interpreted as representing the addition of ash as fertiliser (Romans 1986). The
way in which charcoal is interpreted should probably depend on other lines of evidence
such as pollen to corroborate the clearance of vegetation, or the recovery of other
midden materials together with the charcoal to suggest the intentional addition of

fertilising matenals.

The slash and burn model for Neolithic agriculture was widely accepted by
archaeologists until the interpretation of the pollen analysis was challenged. The
reassessment took into account the filtration effects of forests and the differential
distribution of pollen grains of different sizes and weights (Tauber 1965). When the
pollen diagrams were redrawn using absolute rather than percentage values, the decline
and regeneration of the forest was no longer convincing. Following Tauber’s re-
interpretation there were a number of attacks on the slash and burn model. Harris
(1972) argued that swidden agriculture is not compatible with the keeping of domestic
animals, which inhibit the regeneration of the forest and which are known to have been
an integral part of the Neolithic economy. Mercer (1981) cited the lack of palynological
evidence, the ecological drawbacks of the slash and burn system and the ecological
benefits of mixed arable and pastoral farming in permanently cleared land. There has
been no such refutation of the soils evidence, in which charcoal in soils continues to be
interpreted as indic.ative of clearance by burning (c.f. Simpson et al 1998a) although
charcoal in soils could equally well represent the intentional addition of ash from

domestic hearths (c.f. Romans 1986).



2.2.2 Sedentism and mobility

The Neolithic came to be regarded as a time of fully sedentary settlements set in
distinct territories, especially after investigations on a landscape scale suggested that
funerary monuments marked out territorial boundaries between Neolithic communities
with distinct material cultures in Wessex, Somerset, Sussex, East Anglia, the
Lincolnshire Wolds, the Yorkshire Wolds and North Yorkshire (Barker 1985). The

recognition of such fixed territorial boundaries further supported the belief that the

Neolithic population was sedentary.

While funerary monuments marked out conceptual boundaries in some regions, In a
few regions field and territorial boundaries were demarcated by physical boundares.
Field boundaries and systems are widespread on the west coast of Ireland, where
excavation has produced Neolithic artefacts in association with structures incorporated
into the field systems (Caulfield 1978). The base of the peat overlying the field systems
also dates to the Neolithic. Neolithic field boundaries are common on Shetland, where
they occur in association with settlements comprising one or more stone structures; the
systems incorporate major boundaries which commonly follow the hill contours, and
smaller walls which demarcate the individual fields (Fojut 1981). Neolithic field
boundaries also occur on Orkney, e.g. at Links of Noltland, Westray (Clarke and
Sharples 1985). Field boundaries need not have been permanent landscape features, but
may in some locations have been redefined annually using lines of small stones (as at

the Bronze Age site at Suisgill, Sutherland: Barclay 1985) or using hurdles (Machrie
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Moor, Arran: Haggarty 1991); both of these more ephemeral divisions will only show

up very exceptionally 1n the archaeological record (Barclay 1997).

Recently, there has been a reaction against the sedentary Neolithic model, mainly
because of the lack of evidence for Neolithic structures in the English lowlands.
Thomas (1991) argued that Neolithic settlement and agriculture were shifting and
impermanent, and that field systems defined by boundaries did not come into existence
until the middle Bronze Age. Whittle (1996a; 1996b) also questioned the sedentism of
Neolithic settlement, proposing the term ‘tethered mobility’ to describe the movement
of groups within a certain territory. He emphasised that animals were as important as
arable crops, and that arable crops don’t necessarily require constant attention and need
not tie people to the land year round. He also noted that the weed seed assemblages
from Neolithic sites are usually dominated by shade loving species, which might

suggest that crops were grown in woodland clearings.

The regions in which most field boundaries survive are unusual because of their
preservational conditions. The field systems in western Ireland and in Shetland are
preserved under blanket peat which was unsuitable for later agricultural use, and which
was disturbed only for peat cutting. The large tracts of fields which survive in western
Ireland may be a biased concentration due to the intensive archaeological work
undertaken in this area, although there is also a concentration of Neolithic tombs in this
region (Caulfield 1978). Similarly in Shetland the Neolithic and Bronze Age

homesteads sited above the 40 m contour were not occupied in the Iron Age, and the
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higher ground was subsequently used for grazing and peat cutting rather than arable
agriculture and settlement. The limited survival of Neolithic landscapes begs the
question of whether such systems survive because of the marginal nature of the land
following abandonment of the settlements, or whether an unusual system developed in

these regions because of their marginality or because of other, perhaps social factors.

2.2.3 The Neolithic in the Northern Isles

The economy of the Neolithic in the Northern Isles was based on mixed farming
(barley, equal numbers of cattle and sheep and a small number of pigs) and marine
resources including fish, whales, seals, otters and sea birds (Clark and Sharples 1985).
Red deer bones have been found in small quantities on some sites and in large
quantities on others (ibid.). The settlements were characterised by stone-built houses,
which are found either in small clusters (e.g. Skara Brae, Rinyo and Links of Noltland
[Clark and Sharples 1985]) or as single houses with ancillary buildings (e.g. Tofts Ness
[Dockrill 1993] and Knap of Howar [Ritchie 1983] in Orkney and Scord of Brouster
[Whittle et al 1986] in Shetland). The structures were typically built on top of midden
heaps, sometimes incorporating the midden material within the wall coring (as at Knap
of Howar). The stone built structures and the large accumulation of midden matenal

suggest that these were long-lived, permanent settlements.

2.3 Agriculture and the Bronze Age landscape in Britain

Large ditched enclosures began to be constructed on hilltops in southern England in the

middle Bronze Age, and in the Late Bronze Age ringwork enclosures were constructed
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in eastern England while hillforts were built in other regions. It has been suggested that
such enclosures were residences of an elite, and some ringworks have produced
evidence for specialised activities such as salt production (Mucking, Essex: Jones and
Bond 1980) and metalworking (Springfield Lyons: Buckley and Hedges 1987).
Differences in the quantity and quality of Bronze Age grave goods accompanying the
dead demonstrate differential wealth, but social distinctions are not reflected in the
domestic architecture (Wells 1984). As in the Neolithic, trade was predominantly in

luxury goods, not in subsistence products (ibid.).

In the middle Bronze Age there is extensive evidence for the division of the landscape
into field systems, but there is some debate about what the field systems were used for.
When they were first discovered it was thought that they delineated arable fields, with
droveways between the fields to control stock (e.g. Pryor 1980). The current thinking 1s
that they were arable in some regions, but were used for pasture in others and so cannot
be regarded as unequivocal evidence for arable agriculture (Pryor 1996; Bradley et al
1980; Murphy 1993). Bronze Age field systems can extend for hundreds of hectares,
with boundaries of stone (e.g. Dartmoor reaves: Fleming 1988), banks and ditches (e.g.
Fengate: Pryor 1980) and possibly hedges (cf Barber and Brown, 1984). In some
regions the settlements associated with the field systems were often set within the fields
(e.g. Pryor 1980; Evans 1993) and generally consisted of pairs of structures which were

probably occupied by an extended family (Ellison 1980).
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It has been suggested that the longevity of the Bronze Age fields (demonstrated by their
physical boundaries) was made possible by regular manuring (Fowler 1983). Evidence
for extensive manuring in the Bronze Age, Iron Age and Roman periods is drawn from
scatters of small, abraded potsherds found on the ploughsoil surface, which are thought
to have been dumped after breakage onto organic middens which were subsequently
spread onto the fields for fertiliser (Rhodes 1950). It has also been noted (Fowler 1983)
that large quantities of waste material in prehistoric settlements were not deposited onto
arable fields, and domestic waste may have been only accidentally or sporadically

incorporated into the dung middens which were used as fertiliser.

2.3.1 The Bronze Age in the Northern Isles

An extensive system of earthwork boundaries known as Treb dykes were constructed 1n
Orkney in the Bronze Age (Lamb 1983), and in the early to middle Bronze Age a new
form of site, burnt mounds, appeared in the Northern Isles as in other regions. Burnt
mounds are crescent shaped mounds, at least one fifth of which contain structures
(@vrevik 1985) which are similar to Neolithic houses but with stone tanks in the centre,
rather than hearths. More than 200 burnt mounds have been recorded in Orkney and
about the same number are known in Shetland. The mounds are near good agricultural
land and ard shares have been recovered from Beaquoy and Liddle (Hedges 1975), but
the sites are often situated on low lying, boggy ground and it has been argued that they
are not actually occupation sites but fulfilled some special function (Dockrill et al
1998). Very little excavation has taken place on Bronze Age domestic structures in the

Northern Isles, although some Neolithic sites continued to be occupied, €.g. Ness of
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Gruting, Shetland (Calder 1958) and possibly Hill of Taing and Site 229, South
Nesting, Shetland (Docknill et al 1998). The oval or sub-rectangular structures of the
Bronze Age occur at the same height above sea level as the Neolithic structures, and the

two phases are not readily distinguished without artefactual or absolute dating

evidence.

The excavation of a Bronze Age midden at Birsay Bay produced a seed and bone
assemblage so similar to a typical Neolithic midden that the excavators initially thought
the midden was Neolithic (Donaldson et al 1981). Over 200 grains of charred barley
were recovered, along with fish bone indicative of inshore fishing. The animal bones
were dominated by red deer, with two ox bones, wild bird bone and marine mollusc
shells (ibid.). Six row hulled barley, cattle bones, sheep/goat bones and (less frequently)
pig bones were recovered from Tofts Ness, Sanday, Orkney from Neolithic, Bronze
Age and Early Iron Age deposits (Bond 1994b). Bronze Age middens at Jarlshof
produced large numbers of limpet shells as well as cattle bones, a fish bone and worked
cetacean bone. Carbonised barley and saddle querns were also recovered. A similar
Bronze Age assemblage was recovered from Clickhimin, where the animal bone
included sheep, oxen, pigs and ponies (Hamilton 1956b). The very limited settlement
and environmental evidence suggests economic continuity from the Neolithic into the

Bronze Age in this region.
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2.4 The Iron Age

2.4.1 Centralisation and hierarchy

The process of dividing up the landscape continued in the Iron Age, but the
developments took different forms and took place at different rates in different regions.
Extensive territorial boundaries were constructed across central southern Britain, and
from 550-400 BC in southern England and as far north as North Wales and the
midlands a number of hillforts were constructed, often sited as focal points for
territorial boundaries (Cunliffe 1991). Cunliffe suggests that the hillforts were densely
occupied, with large numbers of structures and evidence for both storage and exchange
(ibid)), but it should be noted that only a few hillforts have been subject to extensive
open area excavation of the interiors. The economy of the Iron Age in lowland Britain
and in Europe became, in certain centres, more specialised as international trade in salt,
iron and luxury goods increased (Wells 1984). Several studies have also found

evidence for regional trade in subsistence products. An archaeobotanical study of the
Iron Age landscape in the region of Danebury suggests that the hillfort was being
provided with grain by small settlements and farmsteads in the vicinity (Jones 1985)
and a study in the north-east of England found differences in Iron Age manuring
practices which suggested differential intensities of arable production (van der Veen

1992). It was suggested in the latter study that some of the farms were producing

surpluses for sale to local Roman settlements.

A key feature of the Iron Age in most regions is the development (or further

development) of social complexity or hierarchy, which was expressed through
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differential, ‘high status’ structures and the development of communities which were
larger than the extended family units which made up the typical Bronze Age settlement
(Cunliffe 1991). The trade in subsistence products may have supported the Iron Age

elite (Dockrill 2000), as the trade in luxury goods supported the Bronze Age elite.

A distinctive charactenistic of the Scottish Iron Age is the variety of different structure
types. Excavations to date have shown such variation that the structures now tend to be
‘lumped’ together in broad categories, although the classification is still not universally
agreed upon. Stone roundhouses were constructed in the early to mid 1* millennium
BC, which unlike most Neolithic and Bronze Age structures stood above ground (Armit
and Ralston 1997). These structures have been classed as Simple Atlantic Roundhouses,
and are characterised by a lack of internal division (Armit 1996). They were usually
single structures without ancillary buildings and without serious defences, and they
probably housed one extended family (ibid.). Simple Atlantic Roundhouses were
succeeded by Complex Atlantic Roundhouses (Armit 1996) or Substantial Houses
(Hingley 1992) which had internal divisions, outer enclosures, stairs or ancillary
buildings (Armit 1996). The development of Complex Atlantic Roundhouses

culminated in the brochs in the final centuries BC (ibid.)

2.4.2 The Atlantic Iron Age
The Atlantic Iron Age (encompassing the Western and Northern Isles, Caithness and
Sutherland) did not develop the elaborate land divisions or large settlements which

characterise the Iron Age in the south, but there is nonetheless evidence for larger
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settlements and for increased hierarchy, if substantial structures such as brochs can be
taken as indicators. The brochs on Orkney have associated clusters of stone houses
which were built around the broch towers towards the end of the first millennium BC,
and the increase in settlement size is notable; the broch complex at Howe was described
as a ‘heavily fortified village’ by the excavator, with a projected population of about
250 (Hedges 1985). The broch settlement at Gurmness may have had a population of 30-
40 families (ibid.). The brochs are usually taken to indicate the development of social
differentiation and are thought to be an expression of hierarchy (Armit 1996; Parker

Pearson et al 1996; Dockrill 2000) although it has also been suggested that they simply

represent centralisation (Hingley 1992).

The function of brochs is still uncertain but it has been suggested that they were
defended farmsteads (Harding 1984), signal towers, periodic refuges (MacKie 1975) or
high status sites controlling the resources within their territory (Sharples 1985). Childe
(1946) suggested that the broch sites were reliant on cereal cultivation, and that
agriculture in the Iron Age was intensified. There is evidence to support the suggestion
that cereal cultivation was important, although the evidence for intensification 18
limited and sometimes contradictory. It has been suggested in regional studies of Barra
and Harris (Scott 1947), Glen Beag (Harding 1984), Caithness (Fairhurst 1984) and
Shetland (Fojut 1982) that brochs and duns (fortified homesteads) were located on good
agricultural land. Most of the Scottish crannogs are also located near ‘land with arable
potential’, and excavations of these sites have recovered wooden ploughs and ards in

addition to crop remains (Morrison 1985)., Excavations at Scalloway uncovered a
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deposit of charred grain in which 10,000 grains were found in a 200 litre sample
(Sharples 1998). The introduction of rotary querns in the Iron Age would have made

grain processing more rapid and efficient.

The suggestion that the brochs were the residences of an elite that controlled arable
production (Dockrill 2000) i1s based on evidence for intensification of arable
production, but there is evidence for a decline in arable production at the broch sites at
Balevullin, Tiree (MacKie 1965) and at Clevigarth, Shetland (Guttmann, unpublished
data). A study of ‘ring forts’ in Glen Lyon found that they were located in areas of good
pasture (Stewart 1969), and it has been suggested that trade took place between these

sites and the nearby crannog sites, based on good arable land (Morrison 1985).

As in the earlier periods barley was probably the dominant crop in the Northern Isles in
the Iron Age, and oats were first introduced at this time (Armit and Ralston 1997). The
faunal evidence from Howe shows a decline in red deer throughout the Iron Age (Smith
et al. 1994). Sheep were the dominant domesticate, and cattle and a large number of
pigs were also kept. There were few fish bones in the early broch phase of Howe, but
an extensive range of species in the later phases (Locker 1994); a similar pattern was
noted at Crosskirk, Caithness (Macartney 1984). Seal bone and cetacean bone, the
latter usually worked, have been found at Jarlshof and Crosskirk (Platt 1956;
Macartney 1984). Large amount of bird bone, from both coastal and moorland species,
have also been recovered, along with domesticated goose, duck and chicken

(Macartney 1984; Bramwell 1994). Great Auk has been found in all Iron Age
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assemblages in the Northern Isles (McCormick and Buckland 1997). A comparison of
the animal bone assemblages recovered from brochs and wheelhouses in the Atlantic
region showed a significantly higher proportion of pig and wild animal bone, which are
thought to indicate high status, on the broch sites (Parker Pearson et al 1996). The
faunal evidence therefore supports the argument made on architectural grounds that the

brochs were high status sites.

One of the characteristics of broch settlements is the large amount of domestic waste
which accumulated in the settlements in mounds and within abandoned buildings. The
build-up of domestic waste in settlements in the Northern Isles from the Neolithic to the
Late Iron Age is well attested; midden material is used in construction of Neolithic
buildings such as Knap of Howar (Ritchie 1983) and Skara Brae (Clarke and Sharples
1985) and structures are often built into mounds of waste material (ibid.). The
differential disposal of rubbish in the Iron Age was noted by Fowler (1983) and
verified in a statistical analysis of the types of material found in pits on Iron Age
settlements in Wessex, which demonstrated that the material was specially selected and

not dumped arbitrarily (Hill 1995). This study established that what archaeologists had

been regarding as rubbish was often deliberately placed.

It has been suggested that midden material in the Atlantic Iron Age may also have had a
symbolic significance (Parker Pearson et al 1996). The excavators of a large midden
outside the broch at Dun Vulan, South Uist questioned why the midden material was

not used as fertiliser when the surrounding machair soils were so poor, and citing Hill

20



(1995), they concluded that the midden may have had a symbolic meaning, possibly
linked with fertility (ibid.). A more mundane interpretation of such deposits was made
by Smith (1994), who suggested that the accumulation of midden material at Dun
Vulan and other Iron Age sites was simply due to less intensive manuring in the Iron

Age than in subsequent periods.

It has also been suggested that domestic waste was unused in the Iron Age because a
better fertiliser had been found (Simpson et al 1998b). An analysis of the arable soils at
Scatness, Shetland identified enhanced phosphate levels and a greater organic
component in the Iron Age soils compared to the earlier phases, which may be
indicative of manuring with animal dung. The authors suggested that manuring with
domestic waste, prevalent in the Neolithic and Bronze Age, had been replaced by
manuring with animal dung in the Iron Age, and the midden material accumulated 1n
the settlement simply because it was no longer necessary as a fertiliser (ibid.). A
similar conclusion was drawn by Davidson et al (1986) to explain the accumulation of
midden material in the farm mounds of Sanday and North Ronaldsay; the authors

suggested that the fertile soils of these islands rendered intensive fertilising

unnecessary.

2.5 Later Iron Age: The Picts

Classical sources suggest that in the early 1* millennium AD there was an
amalgamation of the numerous tribes living north of the Forth-Clyde divide, which
resulted in larger territorial units (Ralston and Armit 1997). One of the consequences of

the amalgamations was that clashes occurred on a larger scale, and wars over territory
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began to replace the traditional cattle raids (ibid). Although distinct tribal entities
continued to exist, the natives of the region were regarded more or less as a single
group (the Picts) by the Romans (ibid.). The first mention of the Picts occurs in AD
297, but the Pictish period is generally regarded as beginning with the reign of Bridei in
the mid sixth century and ending with the unification of Picts and Scots under Kenneth
mac Alpin in AD 843 (Ritchie 1990). At Scatness and Tofts Ness the periods have
simply been divided into Early Iron Age (c. 700 BC to 200 BC), the Middle Iron Age

(the broch peniod, c. 200 BC to AD 200) and the Later Iron Age, which includes the

Pictish period ( Dockrill 1998).

The construction of brochs and the related roundhouses stopped before the middle of
the 1* millennium AD, and Pictish cellular structures were built on top of some of the
sites with no evidence for a break in occupation (e.g. Howe [Ballin Smith 1994],
Gumess [Hedges 1990] and Scatness [Nicholson and Dockrill 1998). The remains of
Pictish structures are rare on both Orkney and Shetland, although a few Pictish place
names survive, including the Papa or Papil names which indicate ecclesiastical sites
such as the early church sites at Papil, West Burra and St. Ninian’s Isle (Fojut 1993).
Christian and pre-Christian Pictish symbol stones have been found on Shetland (ibid.),

and Christian symbol stones have been found in Orkney (Ritchie 1990).

Christianity may have been introduced in southern Scotland in the 5 century, but
became established when St. Columba built a monastery on Iona in AD 563 (Foster

1996). The extent of Christiaq influence at this time ig uncertain, but it probably
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became more pronounced after the Roman church was introduced in c. AD 710 (ibid.).
Christianity brought a limited amount of literacy, and may have brought with it other
new ideas from abroad; new agricultural techniques were often introduced by

monasteries, and the deepened topsoils at Iona and at Fearn Abbey, Easter Ross may

have resulted from such innovations (Barber 1981).

2.6 The Norse period
The Norse period in Scotland 1s generally divided into the Viking period, from AD

780-1100 or 1158 (the death of Earl Ragnald), and the Late Norse, AD 1100 or 1158-
1500. Settlement was on a small scale, with dispersed farmsteads and no large trading
centres (Ritchie 1993). The structures introduced by the Norse were sub-rectangular
and built of stone and turf, and the farmsteads included byres, barns and stock
enclosures (Fojut 1993). The economy in the Viking period was based on cereal
agriculture, domestic livestock and fishing on a small scale (Graham-Campbell and
Batey 1998). The crops included barley, oats and flax. Rotary querns continued to be
used for crop processing, but a Norse water mill was excavated at Orphir, Orkney
(Batey and Morris 1992). Stone plough or ard-tips continued to be used, but an iron
ploughshare was found in a boat burial at Westness, Rousay (Graham-Campbell and
Batey, 1998). Cattle, sheep and pigs were kept, and marine resources included fish,
otters, seabirds and shellfish; red and roe deer bones have also been recovered from

Viking sites (Ritchie 1993).
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In the Late Norse period there was a change in the economy. Between AD 800-1100
the economy at Jarlshof was based primarily on cereal agriculture and stock keeping,

and marine resources were of secondary importance (Hamilton 1956a). In AD 1100-

1400 there was an increase in the types of line sinkers, which suggests an expansion of
fishing (ibid.). This trend was also found at Sandwick, Unst (Bigelow 1985) and at Da
Biggins, Papa Stour (Crawford and Ballin Smith 1999), where there was an increase in
fish bone, line sinkers and imported items in the Late Norse (Bigelow 1992). A recent
review of the long-term changes in fishing practice in the Northern Isles has confirmed
the intensification of fishing in the Late Norse period, and also demonstrated that deep-
water fishing increased at that time (Barrett et al 1999). The increase in fishing may
have been to compensate for increased pressure on land (Hunter 1997) or it may have
been to support an international trade (Bigelow 1992). The argument for an
international trade in fish is supported by historical and archaeological evidence for

production dried fish in the 13™-14" centuries (Barrett et al 1999).

The increase in fishing in the Late Norse period coincides with a possible increase in
dairying (Bigelow 1992) and an intensification of agriculture (Simpson 1993). Areas of
artificially deepened, organic-rich soils surround many of the Late Norse farmsteads on
Orkney (Simpson 1993) and a survey of the West Mainland identified 41 farmsteads
with associated deepened soils which have been stratigraphically and radiocarbon dated
to the late 12%-early 13" century (Simpsén 1993; Davidson and Simpson 1994). The
deepened topsoils of Shetland have not been mapped, but areas have been found

surrounding Norse farmsteads on Papa Stour (Davidson and Carter 1998), South
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Nesting (Simpson, unpublished data) and Scatness (Simpson et al 1998b). It has been
suggested (ibid.) that the deepened Norse soils represent an expansion of arable

agriculture in the Late Norse.

2.7  The Highlands and Islands in the Late and post-medieval
In 1472 Orkney and Shetland were annexed by Scotland, but the Northern Isles

continued to have close links with Norway and the land was still owned by Norse
farmers despite the loss of political control (Shaw 1980). The Norse legal system
continued to be used until 1611 (ibid.). The economy of Shetland was predominantly
based on export fishing and sheep, and in Orkney the economy depended largely on
arable farming (Fenton 1978). Little is known about the transition from subsistence
fishing and farming to export fishing and farming, but the archaeological evidence
outlined above suggests that trade was growing in the Late Norse. By the late 14"
century the Shetland fish trade was established and controlled by the Hanseatic League,
who maintained control until the 17" century (Nicholson 1998). Records from the 17"
century show that Orkney regularly shipped its surplus grain to Shetland, where there

was a ‘severe and chronic deficiency of grains’, and to Norway and Mainland Scotland

(Shaw 1980).

The agricultural improvements of the 18" and 19" centuries were brought to Orkney 1n
the mid 19" century by an influx of Scottish farmers who reclaimed areas of moorland
through drainage and liming (Fenton 1978). The expansion of agricultural land was

such that while in 1808 only 6.3% of Orkney was arable land (including gardens), by
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1969 that figure had gone up to 52% (ibid.). The reclamation of moorland in Orkney
meant that many new farms could be established. Arable production was increased by
intensification of production on existing fields as well as by expansion into new areas,
and in the 18" century Scottish Highland townships increased their arable production
by heavier manuring in order to support a growing population (Dodgshon and Olsson
1988). The more intensive manuring of the post-medieval period was evident in an
analysis of the different functional areas of a recently abandoned farm on South Uist
(Smith 1994). The materials on this farm were carefully recycled, and any matenal
which could be used as fertiliser was not allowed to accumulate around the farmstead

but was spread onto the fields and gardens.

In both Orkney and Shetland the dispersed multitudes of tiny arable fields were re-
organised into more practical sized fields in the course of the Improvements (Fenton
1978). In Shetland, the emphasis was on increased grazing as the improvement of the
uplands for arable agriculture had only limited success (ibid.). The steady increase in
meat prices in the later part of the 19" century led to an increase in the number of
sheep, and by 1900 nearly 1500 acres of arable land in Shetland had been given over to
grazing (Knox 1985). As in other parts of Britain, this resulted in the eviction of tenant
farmers, and although the Crofters Holdings Act passed in 1886 gave the tenants

security of tenure, the population of Shetland continued to decline (ibid.).
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2.8 Summary

This overview has established that the Neolithic in the Northern Isles was probably
fully sedentary. Although very little excavation has been undertaken on Bronze Age
settlement sites, the limited economic evidence and the similarity of the houses and
field systems to those of the Neolithic suggest that the economic base in the Bronze
Age was the same as that of the Neolithic. The centralisation of settlement and the
emergence of probable high-status structures in the Iron Age may have been
accompanied by the intensification of arable produce, at least on some sites. Analysis
of the Norse soils, animal bones, fish bones and artefacts suggests that there was an
intensification of arable production, dairying, fishing and trade at that time. A further
intensification took place in the post-medieval period, characterised by a more thorough

recycling of waste materials and heavier manuring.

2.9 Archaeology of the Northern Isles: Hypotheses

The amount of excavation which has been carried out in the Northern Isles is not
extensive, and much of it was carried out with only limited environmental sampling.
On the basis of the limited excavation which has been done to date, the following

hypotheses have been formed:

. The Neolithic in the Northern Isles 1s characterised by permanent settlements and
permanent fields. The fields may not necessarily have physical boundaries but may

be identified by the amended soils where they have been preserved by burial.
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. The Bronze Age had the same economy and land management system as the
Neolithic and should therefore have similar amended soils which reflect a similar

landscape.

. There was an intensification in arable production and stock keeping in the Iron Age,
which may be reflected by increased animal manures in the soil.
. There was a further intensification of arable production in the late Norse pertod,

which will be reflected by deeper and more extensive anthropogenic soils,
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CHAPTER 3: ANTHROPOGENIC SOILS

3.1 _Soils as Artefacts

The debate over the development of agriculture in the European Neolithic has
focussed on the rapidity and the extent to which arable agriculture was adopted. The
evidence is derived from field boundaries, plough marks and the charred remains
and pollen of cereals and other crops. Less direct evidence is derived from the seeds
and pollen of arable weeds and from alluvial and colluvial sediments which
accumulate where land has been destabilised by arable agriculture. Woodland
clearance, as indicated by pollen analysis and land molluscs, has also been

interpreted as part of the agricultural process. A resource that has been largely

overlooked are the arable soils themselves.

The previous chapter provided an overview of the development of arable agriculture
in Britain and the Northern Isles. This chapter will review the different methods by
which arable soils were modified and fertilised at different times in different regions
of western Europe, and will establish that soils hold cultural evidence which can be
used to address the issues introduced in the previous chapter. The review will
introduce the range of methods which were used to enhance fertility in these soils,
providing parallels and contrasts to the methods used in the Northen Isles. The
different methods which have been used to study arable soils will also be

considered, in order to establish which methods have been most informative.
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3.2 Classification

The classification of arable soils 1s problematic, judging by the variation between
the different taxonomic systems. The Food and Agricultural Organisation of the
United Nations (FAO-Unesco 1974) and the Soil Survey for Scotland (1984) do not
provide for man-made soils in their taxonomic system, while the US Soil Taxonomy
(Soil Survey Staff 1975) and the Soil Survey for England and Wales (Avery 1980)
include a Man-made soils category which is broken down into soils with plaggic
epipedons or cultisols (which have been artificially deepened) and disturbed soils
(which have not). The German classification system (Miickenhausen 1954)
includes a category of ‘terrestrial man-made soils’ which includes

1) Plaggenesch (plaggen soils)

2) Hortisols (old garden sotls)

3) Rigosols (very deep mixed soils)

It is the plaggen or plaggic soils which are of particular interest to this project, as
these are created by adding material rather than by deep disturbance, which simply

mixes the topsoil with the subsoil.

The term ‘plaggen’ initially referred only to the system of manuring fields with peat
turves after they had been used as animal bedding, and has subsequently been
broadened to include soils raised up to >50cm by the addition of other materials.
Conry and Diamond (1971) suggested that the definition should be a ‘deep man-
made surface layer, which has been raised up by the continued application of
manures containing mineral matenal.” This would include the Dutch “Tuin’ soils
which are aggraded by the addition of peat litter and sand (Pape 1970), and sotls

fertilised with transported dune sand and mud from ditches (de Bakker and Shelling
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1966), clayey subsoil (Snacken 1971) and kitchen waste (Foss et al 1970). It would
also include the addition of grass sods (Geilman 1924; Niemeier and
Taschenmacher 1939; Pape 1970), forest litter (Edelman 1950) and calcareous sea
sand (Conry 1969). Under the classification system of the Soil Survey of England

and Wales, plaggen soils fall into the category of ‘Man-made Humus Soils with a

thick man-made A horizon’. This type of soil is:

artificially thickened by regular use of manure containing mineral matter,
unusually deep cultivation accompanied by addition of organic manure only, or
incorporation of human occupation residues. It is at least 40 cm thick or overlies
bedrock at a lesser depth, has a moist colour value of 4 or less and chroma of 3 or
less throughout its depth, and generally contains artefacts such as pieces of brick
or pottery. Humified organic matter is intimately mixed with the mineral fraction

in all subhorizons.

Under the United States Department of Agriculture system such soils would usually
be classified as plaggepts, i.e. soils with a plaggen epipedon (A horizon) of >50 cm
which has been produced over time through the deposition of manure containing

relatively insoluble mineral grains (USDA 1960).

Soil classification is based upon the observable properties of soils supplemented by
laboratory data, and although the soil type may be indicative of certain
environmental processes, the aim of most classifications is not to understand the soil

history but to characterise the soil as 1t is today. The term ‘plaggen’ originally

referred to the soils which were derived from a particular land use in a particular

part of the world. The definition of plaggen soils has expanded to include deepened
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topsoils derived from a range of different materials, and consequently the
classification no longer reflects the system by which the soils were created. In
archaeological research and for this project in particular it is these land use systems
which are of particular interest, and therefore soils created by different types of

fertilising materials are considered separately.

3.3 Fertilisers in Prehistory and the Roman period -

3.3.1 Domestic waste

The use of fuel ash and kitchen waste as fertilisers is known to have taken place as
early as the Neolithic. A late Neolithic site and two areas of middle and late Bronze
Age fields have been recorded in the Netherlands, all on sandy ridges (Bakels
1997). The Neolithic soil, located at Bornwird in the northern Netherlands,
contained domestic waste including pottery, flint and charred seeds. The soil was
sealed below a layer of peat, the base of which was dated to between 2470 BC and
2330 BC (Fokkens 1982). The topsoil was 58 c¢m in depth, and the soil could
therefore be classed as a prehistoric plaggen soil (Bakels 1997). Cultivated
Neolithic soils containing abundant charcoal but with very low levels of organic
material were found beneath the Hazleton North long caim in Gloucestershire
(Macphail 1990). The cultivation took place in shifting plots, the last of which was
located on top of an earlier midden heap. Thin section and chemical analyses were
undertaken on a Neolithic arable soil sealed below a barrow at Strathallan: the soil
contained only c. 1% organic material, compared with ¢. 8% in the present day
cultivated soil (Romans and Robertson 1983). The soil was well sealed, and the

evidence suggests that it was not fertilised with organic materials (ibid.).
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Bronze Age fields have been identified in the Netherlands near Haarlem and in
West Friesland. The fields néar Haarlem were interleaved with wind-blown sand,
and the latest soil was sealed by peat dated to 700 BC (Poldermans 1987; Bakels
1997). Pottery dating to the Middle and Late Bronze Ages (1500-800 BC) was
recovered from stratified pits associated with the soil, which was aggraded to a
depth of 40 cm, possibly with lake mud. A Middle and Late Bronze Age soil found
in West-Friesland contained stratified pottery in the field boundaries and in the ard
marks; the recovery of animal bone and plant remains together with the pottery
suggests that the soil was manured with domestic waste (in addition to animal
manure; see below)(Buurman 1988). An Early Bronze Age ploughsoil at Phoenix

Wharf, London also contained domestic waste (Macphail et al 1990).

The practice of manuring with domestic waste also took place in the prehistoric
period on the Western Isles. The Western Isles are covered predominantly in
blanket peat and moorland, but wind-blown carbonate sands accumulated over most
of the Holocene to form the machair landscape along the western shores.
Interleaved between the machair sands are soil horizons which were initially
thought to represent periods of environmental stability and a cessation of the winds.
Research by Gilbertson et al (1999) has established that buried soils in the machair
at Cill Donain were in fact anthropogenic, and rather than representing
environmental stability they were probably created to consolidate the sandy soil. At
Cill Donain the Bronze Age and Iron Age soils were separated by a sand horizon at
one exposure, but where they developed continuously the soil was up to 1m deep.

Within the soil were shell, bone and ash, with large quantities of phytoliths

indicating added plant material.
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There is evidence for a beaker-period ploughsoil (identified by the ard marks)
containing midden matenal at Rosinish, Benbecula (Shepherd and Tuckwell 1977).
The horizon was sealed by blown sand, which was cut by a later phase of ard
ploughing. The later ard marks indicate that cultivation continued despite the sand
blow, and midden material found above the cultivated sand may have been
deposited in order to consolidate the unstable soil (ibid.). Anthropogenic
agricultural soils of the Late Bronze Age at Baleshare were created by the addition
of domestic waste and peat to the sandy natural soils (Barber, forthcoming). The
cultivated plot was at least 3 ha, and ard marks were found throughout the soil
indicating continuous cultivation (ibid.). At Homish Point, South Uist, the deepened
Iron Age soils may have been cultivated middens rather than soils with added
midden material (ibid.). A buried Bronze Age soil on Jura, described above,
contained (in addition to bracken) charcoal which was interpreted by the excavator

as representing the remains of midden material added as fertiliser (Stevenson 1984).

Deepened or manured prehistoric soils have been discovered at a number of
locations in Orkney, including Spur Ness, Tofts Ness and the Bay of Stove on
Sanday (Dockrill 1993), Links of Noltland (Clarke et al 1978) and Quoygrew
(Simpson et al in prep.) on Westray, Knap of Howar on Papa Westray (Ritchie
1983) and Skaill, Deemess on the Orkney Mainland (Gelling 1985; Limrey 1975).
On Mainland Shetland deepened prehistoric soils are known from South Nesting
Hall (Dockrill et al 1998), Hill of Taing (ibid.), Scourd of Brouster (Whittle et al

1986), Sumburgh (Lamb 1985) and Scatness (Simpson et 3 1998b). There is little

published work done on most of these soils, and the methods by which they have
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been recorded or analysed are varied, but the presence of domestic waste in the soils
seems to be a common factor. Charcoal was present in soils at South Nesting
(Dockrill 1993) and at Scord of Brouster, where peat ash was found in the soil near
one of the houses (Romans 1986). ‘Domestic refuse’ including animal bone, fish
bone and shell was present in considerable quantities in the ploughsoil at Links of
Noltland, and at Knap of Howar soils rich in midden material were spread out over
an area of c. 500m’, possibly for cultivation (Clarke and Sharples 1985; Ritchie
1983). At Skaill, Deerness there were several phases of ploughsoil with horizons
dating to the early and middle Bronze Age. The soil was a cultivated podzol which
may have been manured (Limbrey 1975), but if so the fertiliser contained little or no

organic material (Limbrey 1997). Burnt bone was recovered from the basal horizon.

3.3.2 Bracken

Two prehistoric sites on the Western Isles may have been fertilised with bracken,
possibly as a plaggen system in which it was initially used as animal bedding. A
Neolithic ploughsoil with ard marks was excavated between two stone circles at
Machrie Moor, Arran (Haggarty 1991). Analysis of the ard mark fills provided
pollen from Hordeum (barley) and the remains of bracken fronds without roots or
rhizomes (Moffat, in Haggarty 1991), suggesting that the bracken was not growing
in the field and subsequently ploughed in. The authors suggest that the fronds may
have been animal bedding which was reused as manure. The second site is a Bronze
Age structure within an enclosure at Cul a’Bhaile, Jura, which had cultivated soils
with associated ard marks (Stevenson 1984). The soils within the enclosure
contained cereal pollen and a large concentration of spores of Preridium aquilinum

(bracken) and Lycopodium clavatum (common clyb moss) whereas outside the
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enclosure the spores were sparse or absent from the soil samples (Whittington
1984). Whittington noted that bracken and club-moss make ideal bedding for

animals and could well have been spread onto the field as manure after such a use.

3.3.3 Seaweed

Seaweed adds nitrogen and potassium to the soil (Fenton 1978) and increases the
soil aggregate stability (Haslam and Hopkins 1996). These characteristics make it
an especially valuable fertiliser on sandy soils, which are often deficient in
potassium (Fenton 1978) and which are physically unstable. The addition of
seaweed to arable soils is attested in Jersey, the west coast of Britain (including the
Northern and Western Isles) and the west coast of France (Bell 1981). There is
evidence for the prehistoric use of seaweed manure at Gwithian, Cornwall, where a
buried Late Bronze Age soil was found which contained shells of species which
grow on seaweed (Bakels 1997). The Neolithic soil at Machrie Moor, described
above, also contained large amounts of algal spores which the author linked with the
use of seaweed as manure (Haggarty 1991). Burnt seaweed was identified in the
Bronze Age soils at Tofts Ness, Sanday, Orkney, along with burnt marine shells
which may have been associated with the material (Milles 1994). Burnt seaweed
and molluscs commonly associated with seaweed were also found in a Norse or pre-
Norse soil at the Brough of Birsay, Orkney (Donaldson et al 1981). Molluscs
associated with seaweed were also found at Buckquoy, Orkney (ibid.) and at the
12%-13" century Norse site of Da Biggins on Papa Stour (Bell 1981). There are
many historical records referring to rights to collect seaweed from particular areas

of shoreline in Scotland, the earliest dating to 1491 (Shaw 1994).
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3.3.4 Animal manures

The use of animal manures as fertilisers also originated in the Neolithic. A
waterlogged Neolithic field in Weier, Swizerland was found to contain housefly
pupae, indicating the addition of stable manure (Bakels 1997). A deepened,
phosphate-enriched soil with charred plant remains was found sealed under a
Middle Bronze Age barrow in Germany on the Island of Sylt, and may have been
manured with animal dung (Blume and Kalk 1986). The soil had a humic topsoil 58
cm thick and can therefore be classed as a prehistoric plaggen soil. A soil in West
Friesland contained seeds of nitrophilous weeds which may indicate manuring with
dung in addition to the domestic waste which was noted above (Buurman 1988). A
cultivated soil in Lithuania produced seeds of Polygonum convolvolus, which the
author suggests would have grown in permanent, manured fields (Rimantien¢
1994). A Bronze Age soil in West Jutland, Denmark was enhanced in organic
phosphates and organic matter, indicative of manuring with organic material; the

author linked this soil signature with manuring with animal dung (Linderholm

1997).

By the Roman period animal manure was used extensively (Fenton 1981) and the
agricultural treatises written by classical authors remained in use until the 18"
century (Woodward 1994). The classical authors wrote in great detail on the best
types of animal manures and which parts of the farm ought to be manured, and
meadows and olive trees were fertilised as well as the arable fields (Fenton 1981).
Roman manuring has been demonstrated through phosphate analysis at Scole,

Suffolk, where the organically manured arable fields with enhanced organic
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phosphates were distinguished from the town deposits which had enhanced

inorganic phosphates (Macphail et al in press). Manuring inferred by the spread of

Roman potsherds i1s widespread (Rhodes 1950; Fowler 1983).

3.3.5 Human manure (nightsoil)

At present, human faeces cannot be distinguished from animal manure in the soil
except by analysis of the soil lipids. A Bronze Age soil at Tofts Ness, Sanday,
Orkney has been shown to contain large quantities of nightsoil (Simpson et al
1998a), which may have been a common method of manuring in prehistory but this
cannot be established until lipid analysis 1s more widely applied. In the 19th century
nightsoil in the Northern Isles (Fenton, pers. comm.) and other parts of rural
Scotland (Shaw 1994) was routinely incorporated into the middens and spread onto

the fields along with the animal dung.

3.4 Fertilisers in the Middle Ages: Turf-based plaggen soils

Plaggen soils created by the addition of turves of peat or peaty soil are extensive 1n
north-west Europe, from the Jutland peninsula to Northern Belgium (Conry 1974).
They may also extend further east, to around Luneburg Heath, East Prussia and the
Havelland area near Berlin (Niemeier and Taschenmacher 1939). Areas of plaggen
soils have also been recorded in Scotland in Aberdeenshire (Glentworth 1944,
Walton 1950), Orkney (Soil Survey for Scotland 1979:; Davidson and Simpson

1984) and Shetland (Davidson and Carter 1998; Simpson et al 1998b). The plaggen

soils of NW Europe will be considered first,
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3.4.1 Plaggen soils in NW Europe

The European plaggen soils generally date to the medieval period (Spek 1992)
although some earlier soils have been recorded. Pollen analysis suggests that the
majority of Dutch plaggen soils began to develop in the 10th century (ibid.).
Radiocarbon dating of the soils initially appeared to suggest an origin in the 6th-
11th century, however the radiocarbon dates were recalibrated to produce a refined
date range of 8th-12th century, with one anomalous 1st century date (ibid.).
Following a review of the sample locations and a consideration of the problems of
contamination with earlier soils and the problem of the differential rates of decay of
different humus fractions, Spek (1992) suggested that the radiocarbon dates were
unreliable and that archaeological dating of plaggen soils is the most reliable
method. Spek’s stratigraphic analysis of the finds and structures above, within and

below the plaggen soils produced a 12th-13th century terminus post quem.

The Dutch plaggen soils are predominantly located on Pleistocene sands, but have
also been found on loess, peat, alluvial clay and marine clay (Conry 1974). The
oldest plaggens are usually positioned between the drier high ground (which is used
for turf cutting) and the more waterlogged lower ground (used for grazing and hay-
cutting) (Pape 1970). The soils later expanded onto the humus podzols and sandy
soils of the more marginal areas, and decrease with depth as they decrease 1n age
away from the centres of settlement, 1.e. the older soils are on the better land and

were built up to greater depth. There are >221,000 ha of true plaggen soils (with a

topsoil or plaggen layer of 50 cm or more) in the Netherlands and >196,000 ha of
incipient plaggens (which are only 30-50 cm in depth) (Pape 1970). These two

groups of soils cover ¢. 30% of the sandy areas of the Netherlands (Conry 1974).
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The plaggen system was carried out using peat turves which were cut once every -
8 years, or every 12-15 years where deeper, thicker sods were removed (Pape 1970).
Given this rate of peat cutting, it has been estimated that a farm with 4 ha of arable
land required 3 ha of heath per year, if the average recovery time was 10 years, then
30 ha of heathland were required for every 4 ha of arable (Oosting 1942). In some

districts 10% of the land was arable while 90% was used for grazing and turf cutting

(Pape 1970).

Plaggens in the Netherlands are low in pH, and all plaggen soils‘ in NW Europe are
characterised by a high phosphate content. Although the physical properties are
excellent for water retention, oxygenation and root penetration (the porosity of
plaggens is c. 50%), the soils are low in nutrients, and by the end of the 19th century
the yields were so low that in many areas arable agriculture was abandoned and
plaggen soils were afforested (Conry 1974). At around this time chemical fertilisers
were introduced, and also the deep stables in which cattle had been kept were no
longer regarded as sufficiently hygienic by the dairy industry (Pape 1970). The
reclamation of heathlands meant that there was less available grazing for sheep,
which had anyway become less profitable due to competition from other countries

(ibid). The combination of these factors meant that plaggening was no longer

carried out in the Netherlands after c¢. 1900 (ibid.).

Pollen analysis has been used to establish the soil history, settlement history and
land use of the Dutch plaggens (Groenman-van Waateringe and Luijten 1995). The

increased cereal production associated with expanded plaggening has been linked
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with the growth of the market economy in the late Middle Ages (ibid.) and
production has even been shown to rise and fall with the major market fluctuations
(Miicher et al 1990). Behre (1976; 1980) suggested that there was a link between
the introduction of plaggening and the rapid increase of winter rye at the end of the
early Middle Ages, on the basis that a winter crop of rye is only possible with
intensive manuring. A rapid rise in rye production took place in the 10th-12th
centuries, but the rise was accompanied by increased production of other cereals as
well, and may simply represent an increase in land reclamation rather than a change

in agricultural methods (Spek 1992).

3.4.2 Plaggen soils in Orkney
The Soil Survey for Scotland has mapped 7km? of deep topsoils in Orkney. The

soils are usually over 75 ¢cm in depth and are developed on freely or imperfectly
drained podzols over stony drift derived from sandstones and flagstones (Simpson
1997; Dry and Robertson 1982). The areas of deep topsoil surround farmsteads with
Norse place-names (Davidson and Simpson 1984), and C'* dating has shown the
soils to have originated in the Late Norse period, around the 12" or early 13"
centuries (Simpson 1993). The deep topsoils occur almost exclusively in areas
where there is a scarcity of seaweed, confirming the historical records which state
that seaweed was the preferred fertiliser (Simpson 1994). The value of the deep
topsoils is nevertheless demonstrated by the fact that townships with larger areas of

anthropogenic deep topsoils had higher tax values (ibid.).

There is extensive historical and ethnographic evidence to show that the processes

by which the deep topsoils in Orkney were fertilised in the 18".20™ centuries were
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much the same as those of north-western Europe (Fenton 1978), and analyses of the

total soil phosphates confirms that, like the European soils, they are strongly
enhanced (Simpson 1997). Spatial analyses of the phosphate content and $1°C have

shown that, like the European plaggens, the Orkney plaggens were most heavily
fertilised nearest the farmsteads (Simpson 1997). Textural pedofeatures identified in
thin section analysis suggest that cultivation as well as manuring was at its most
intense in proximity to the farms (ibid.). The thickness of the clay textural
pedofeatures was 1ndicative of a moderate amount of disturbance, which may be

linked with historical documentation of the use of the Orkney one-stilted plough

(ibid.).

Thin section analysis and particle size distribution was further used to identify the
source of the turf in a plaggen soil at Marwick (Simpson 1997). The lithology of the
mineral component of the plaggen soil at Marwick linked the material to the
unenclosed hill land beyond the area of enclosed grazing, and the identification of
iron depleted stone rims in thin section suggest that the source was acidic. A
truncated soil profile from the podzolised hill land confirmed that turf was removed

from this area.

The instigation of the plaggening system in Orkney coincided roughly with an
improvement in the climate and a growth of population in the 1100s to early 1300s
(Simpson 1993). The agricultural intensification could have been a response to the
increased population and/or greater economic opportunities (ibid.). The increased

arable production coincides with increased fishing and an increase in the bones of

very young calves, which suggests an intensification of dairying; these changes
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have been interpreted as a response to increased opportunity for trade in an

economy which was based on subsistence with exchange of the surplus (Bigelow

1992).

Monasteries throughout medieval Europe and Scotland were responsible for the
introduction of a number of agricultural innovations, and it has been suggested that
deepened arable soils were introduced by monks in the later phases of some of the
ecclesiastical sites; both Iona and Fearn Abbey have associated deepened
anthropogenic soils (Barber 1981). It has also been noted that Birsay Monastery on
Mainland Orkney is part of the Hamburg-Bremen archbishropic, which is located in
an area with a history of plaggening which predates that of Orkney. The plaggen
system may have been introduced by the German monks who would have been

familiar with the system (Simpson 1993).

3.4.3 Plaggen soils in Shetland

The soils of Shetland have not been mapped with the same degree of detail as those
of Orkney, but the turf plaggening system is known from historical times and on the
more remote islands it was still in operation in the 1960s (Fenton 1978). The
boundaries which divided the enriched arable land from the rough grazing areas can
still be seen in places. As 1n Orkney, the system is believed to date to the Norse
period (Davidson and Carter 1998). The deep topsoils are characterised by high
phosphate values and by bumnt and unburnt peat fragments identified in thin section

(ibid.).
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3.5 Fertilisers in the post-medieval: shell sand

The use of calcareous sea sand to neutralise acid soils was widespread in the coastal
regions of Europe, Ireland and Britain in the medieval and post-medieval periods. It
was often composted together with seaweed and animal dung. The addition of sea
sand to soils may have taken place in the early 1* millennium AD in Ireland, but
mostly the practice appears to date to the post-medieval period, often being
introduced as part of the agricultural improvements of the 18™ and 19" centuries.

Several of the regions that employed this practice are described below.

3.5.1 Shell sand in Ireland

Deep topsoils which have been aggraded by the addition of calcareous sea sand
have been extensively mapped in the coastal regions of Ireland, in particular in the
three southern counties of Cork, Kerry and Wexford, where it is estimated that
thousands of hectares are located (Conry 1974). The vast majority of the deepened,
sand-enriched Irish soils were created in the post-medieval period (Conry and
Mitchell 1971). The earliest reference to manuring in Ireland is in the Irish law tract
Folda Tire, or ‘Divisions (or types) of land’, which was first transcribed in the 7th
century but which probably originated as an oral tradition before 500 AD (ibid.).
The tract describes the best agricultural land as that ‘which does not require the
application of manure or shells; in which there are no sticking plants’. In a review of
the historical literature on plaggen soils, Conry and Mitchell (1971) suggest that
although Irish plaggens probably began to develop sometime before 500 AD,
plaggening did not become common until the population explosion which began

around 1780. The authors found a strong correlation between field size, population

and the intensity of plaggening, and suggest that the increase in population led



directly to a decrease in the size of fields, which were more intensively manured in
order to increase their productivity. The paper also suggests that the greater value

of agricultural produce in relation to pastoral products may also have been a factor

in the intensification of arable farming.

3.5.2 Shell sand in Devon and Cornwall

Areas of deep sanded topsoils have also been mapped in Devon and Comwall,
where they date from the medieval until the present (Staines 1979). Only two 100
square kilometre areas of Comwall have been subject to detailed soil mapping to
date. Sheet SW33 (Hayle) shows c. 1200 ha of deep topsoils, i.e. one eighth of the
mapped area. The development of the deep topsoils is attributed to the addition of
calcareous sands (in the case of the Highweek Deep Series, one third of which (c.
741 ha) are deepened) or to the addition of a combination of seaweed, organic
manure and calcareous sea sand (this includes the man-made topsoil phases of the
Highweek, Ivybridge, Conway, Trusham and Dartington phases and the Ludgvan
gleyed and ungleyed phases) (Staines 1979). The A horizons of these soils are >40
cm thick, and are comparable to the Irish plaggens in both their thickness and in

their composition, which in both regions derives largely from calcareous sea sand.

Dispensations for the collection of sea sand were granted to farmers by Richard I
(1189-1199), and were confirmed by Henry III (1216-1272) (Staines 1979). An Act
of Parliament in 1609 also granted farmers the right to remove sea sand (ibid.).
Borlase (1758) describes different types of sand which could be used to improve

agricultural yields: the sand from Mounts Bay was described as ‘a fine, light

opening sand, good for com and grass’. Coral sand from Mounts Bay was
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recovered along with “oreweed’ and was spread on ‘old shelfy earth and covered
with sand” until 1t was required. Since the 18th-19th century compost heaps 20-30 m
long have been prepared in Cornwall in the autumn and winter. ‘Lugg’ sand was
placed on top of layers of seaweed, dung and calcareous sea sand from Hayle; lugg
sand is low in calcium carbonate but is enriched by large amounts of rotted
seaweed. One or two farmers were still using a seaweed and sand compost at the

time of the soil survey (1979), and Hayle sea sand was still widely used (ibid.).

3.5.3 The Northern and Western Isles

The practice of adding calcareous sand to acidic topsoils appears to have been
introduced to Orkney (Schrank 1995) and Shetland (Knox 1985) during the course
of the agricultural improvements of the 18" and 19" centuries, and the practice is
still carried out in places today. An observer on the Western Isles in 1764 and 1771
noted that although shell sand was widely available, it was not used to fertilise the

arable soil, which remained unmanured ‘as it was left at the Creation’ (McKay

1980).

3.6  Discussion

The changes in land management over time reflect changes in the environment and
in society, in population growth and decline and in expansion and contraction of
trade in agricultural surpluses. In Ireland, for example, the post-medieval expansion
of plaggening coincided with an increase in population, whereas in Norse Orkney

and the medieval Netherlands it appears to be linked with the economic

opportunities introduced by a growing trade in agricultura] surpluses. In the Western
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Isles and possibly in the fields near Haarlem in the Netherlands manuring was used

in prehistory to stabilise the sandy soils.

Domestic waste, including fuel ash residues and kitchen refuse, is the most
commonly cited matenal identified in early prehistoric arable soils. This may be
because charcoal, bone and peat ash are easily identified in the field, unlike organic
manures which can only be identified using geochemical or thin section analysis.
Stable manure was used as a fertiliser as early as the Neolithic in Switzerland
(Bakels 1997) and probably also in the Bronze age in Denmark (Linderholm 1997),
Germany (Blume and Kalk 1986) and the Netherlands (Buurman 1988); Fokkens
(1982) notes that ‘on the sandy soils of northern Friesland permanent cultivation
without manuring is out of the question.” By contrast, at Hazleton North (Macphail
1990), Strathallen (Romans and Robertson 1983) and Sumburgh (Limbrey 1975)
the absence of organic manures has also been suggested. The difference may be
regional, with stable manure coming into use earlier on the continent than in Britain.

More evidence and more systematic work on arable soils is required to test this.

This review has highlighted a number of different methods used to extract evidence
for arable activity and land management. Arable soils have largely been identified
by archaeological features such as ard and spade marks, and from the charred
remains of cultigens. Arable weeds provide information about the soil ecology,
some species requiring more nutrient rich soil which can be indicative of manuring.
Pollen analysis has been used to identify clearance of woodland and the introduction

of arable and pastoral weeds, as well as cereal pollen. Geochemical analysis

(especially phosphate analysis) and soil micromorphology have been used to
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identify areas of arable land use, and have also been used to obtain more detailed
information about the particular materials which were added to the soil. The
application of seaweed has been identified by the survival of algal spores and of the

shells which adhere to it, or by fragments recovered from the soil.

Fuel ash and charcoal are produced as a part of everyday living and no special land
management practices can be inferred from their presence, although the type of fuel
used provides information about the local environment. Animal dung in small
quantities 1s added to the soil by grazing animals, but the intensive use of animal
dung implies stabling or corralling of the animals in order to concentrate the manure
in one place for collection (Bakels 1997). The presence of large amounts of animal
dung in the soil therefore suggests a regulated system of stock keeping. The
medieval practice of plaggen manuring with turves is a further intensification of
manuring practice, and is also a method which makes systematic use of a wider area
of land. The medieval and (predominantly) post-medieval reclamation of acid

heathlands using shell sand is a further step towards a more sophisticated land

management system.

3.7 Hypotheses

The hypotheses that arise out of this review are:

» Methods of manuring have changed over time, and although deep topsoil
horizons may appear similar in the field, they were created by different means at

different times.

o Soils can retain evidence for manuring, and some of the materials used can be

identified using thin section and chemical analysis,
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CHAPTER 4: RESEARCH DESIGN AND METHODS

4.1 _ Theoretical basis

The previous chapter demonstrated that materials which have been added to a soil may
survive the destructive effects of tillage and decomposition. Some of the materials can
be identified in thin section, while others can be detected by chemical analysis. These
materials, like the artefacts in midden deposits on archaeological sites, can provide
information about the economy of the associated settlement, and the deposition of this
material onto arable fields can be regarded as another form of rubbish disposal. The
cultural material which survives in the soil is often overlooked, and analysis of most
sites (apart from surface artefact surveys) is concentrated on the midden deposits in and

around archaeological settlements.

In Chapter Two it was established that midden material on prehistoric sites was used
for different purposes, e.g. for construction (Ritchie 1983; Clarke and Sharples 1985),
for ritual purposes (Hill 1995) and for fertiliser (Rhodes 1950; Simpson et al 1998 a
and b). Chapter Three established that different types of materials were used for
fertiliser in different archaeological periods and in different regions. The types of
material which were used reflect both the local environment (e.g. the use of peat or
wood as fuel) and the economy of a settlement (e.g. the use of animal dun g as fertiliser,
which suggests fairly intensive animal husbandry [Bakels 1997]). The choice of

fertilisers may also reflect local custom or even ignorance of the benefits of certain
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fertilisers, e.g. the failure of the Western Islanders to apply shell sand to their acidic

soils (McKay 1980).

In this project the cultural material in the archaeological middens of two multi-period
prehistoric sites is compared with the cultural material held in the soils, in order to
identify the full range of materials produced by the settlements under study. The
comparison of the soils and middens was expected to show differential use of waste
materials, with some materials selected as fertilisers and other materials accumulating
in middens or used for other purposes. The spatial analysis of the individual phases was
followed by a comparison of the arable soils and middens of the different periods, in
order to identify changes in arable land management practices and changes in the ways

that midden material was used over time.

4.2 Hypotheses

The following hypotheses were established in Chapters 2 and 3:

. The Neolithic in the Northern Isles is characterised by permanent settlements and
permanent fields. The fields may not necessarily have physical boundaries but may
be identified by the amended soils where they have been preserved by burial.-

o The Bronze Age had the same economy and land management system as the
Neolithic and should therefore have similar amended soils which reflect a similar
landscape.

 There was an intensification in arable production and stock keeping in the Iron Age,

which may be reflected by increased animal manures in the soj].
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. There was a further intensification of arable production in the late Norse period,
which will be reflected by deeper and more extensive anthropogenic soils.

» Methods of manuring have changed over time, and although deep topsoil horizons
may appear similar in the field, they were created by different means at different
times.

« Soils can retain evidence for manuring, and some of the materials used can be
identified using thin section and chemical analysis.

o Sources of manuring materials can be suggested using reference and control
samples.

. Links between local soils, settlement deposits and arable fields can be established

by identifying the sources of the manures.

4.3 Selection of methods

The evidence for the types of materials used as fertilisers in the different archaeological
and historical periods was summarised in Chapter 3, which also demonstrated that
some of the materials were more readily identified than others. The use of domestic
waste was a common occurrence in the Neolithic and Bronze Age soils, but it was
noted that there is a bias towards recognition of this material. Charcoal, animal bone
and artefacts are recognisable in the field whereas many other manuring material can
only be identified microscopically or chemically. Thin section analysis is therefore an
important method for identifying the matenals that have been added to soils, and the
use of micromorphology in conjunction with geochemical analysis has been shown to

be particularly informative. Micromorphology has been undertaken together with
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phosphate analysis, magnetic susceptibility, loss on ignition (LOI) and pollen analysis
(Macphail et al in press), with energy dispersive x-ray analysis, microprobe and diatom
analysis (Macphail et al 1998), with stable isotope, particle size distribution and
phosphate analysis (Simpson 1997) and with stable isotopes and lipids (Simpson et al
1998a), to give a few examples. On large multidisciplinary excavations a whole range
of archaeological specialisms can be integrated, e.g. on the excavation of a Hebridean
farmhouse on South Uist where charred macrobotanical remains, molluscs, phytoliths,
particle size distribution, magnetic susceptibility, pH, loss on ignition and phosphates

were studied (Smith 1994; 1996).

Soil micromorphology was used in this study in order to identify the components of the
soil that would otherwise be missed in the field. It was also used to identify soil
processes which can be indicative of land use and management, taking on board the
caveats discussed below. Phosphate analysis was considered to be one of the most
informative geochemical methods for a study of manuring practice because it can be
used to quantify organic waste in the soil. The organic/inorganic fractionation method
(described below) was undertaken in order to quantify the amount of animal manure
and bone in the different areas and deposits. Loss on ignition was a further method of
quantifying the organic material in the soils. A range of magnetic tests were undertaken
in order to identify and compare the amount of ash in the soil, which on many sites 1n
the literature review is quantified only by the presence or absence of charcoal. The
quantifications obtained from thin section analysis and those obtained from allied

methods were then correlated in order to ensure that the chemical and geophysical
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methods were reflecting the same materials as those identified in thin section. Each
method has shortcomings when used on its own, but used together the different
methods can corroborate one another in identifying concentrations and anomalies, and
also micromorphology can be used to identify where in the soil the particular
concentrations are located. Particle size distribution was undertaken in conjunction with
thin section analysis in order to compare deposits and trace possible common origins.
This combination of methods has been used successfully to trace the origins of added
mineral manures on Papa Stour, Shetland (Davidson and Carter 1998) and West

Mainland, Orkney (Simpson 1997). The methods are discussed in more detail below.

4.4  Validation of methods

The investigative methods were tested on a site which was farmed by pre-industrial
methods until 1967. There is documented evidence for the types of manures which
were used on this faﬁn, and the owner was able to describe the land management
system which operated before arable farming was abandoned in favour of sheep
farming. The arable land on the farm was subject to the plaggen manuring system, and
the thin section, geochemical and soil magnetic analyses were aimed at finding
distinctive indicators for this system. The different arcas of the farm were subject to
different treatments, so analysis was undertaken of each of the different functional
areas so that the different management techniques could be identified. Having
established that the added materials could be identified in the soil, and having identified
a group of indicators for plaggen manuring, the methods were then applied to the

prehistoric sites.
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4.5  Review of Methods

4.5.1 Soil micromorphology

Soil micromorphology is used in archaeology for both site-specific problems, such as
identifying the formation processes and constituents of particular deposits, and for
landscape studies, which focus on past climate, soil development and land use. This
project aims to link the two approaches by studying the agricultural landscape (using
samples from arable soils) together with on-site deposits (using samples from

archaeological middens) to trace how materials were used and re-used in the past.

Arable soils are usually identified by archaeological features such as ploughmarks, rig
and furrow, lynchets, the presence of rounded and abraded potsherds or by the
homogenisation of the topsoil horizon, which distinguishes it from the local
uncultivated soils. There are also a number of indicators which can be identified in thin
section, e.g. coarse textural pedofeatures (Jongerius 1983), the presence of charcoal and
other cultural material (Romans 1986), enhanced numbers of phytoliths (Courty et al
1989), the presence of planar voids (Macphail et al 1990), plough and ard pans at the
base of the ploughsoil (Jongerius 1983; Gebhardt 1992) and the presence of lenses of
fine material along ard or plough cuts (Lewis 1998). The problem with using
micromorphological indicators s that biological reworking of soils can eradicate many
of these features. A further problem is that textural pedofeatures, a key indicator, can
also result from disturbance other than cultivation (Carter and Davidson 1998). It has
been suggested that where several of the cultivation indicators occur together they can

usually be interpreted as indicators of past cultivation (Courty et al 1989; Macphail
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1998), but due to biological reworking the absence of such indicators does not indicate

that cultivation did not take place.

Micromorphology Reference Slides

While there is an extensive body of literature pertaining to the description of soil thin
sections, the literature on interpretation of features has not kept pace. In the words of
FitzPatrick (1993), interpretation 1s still largely ‘a combination of experience, intuition
and guess-work’. In order to bring objectivity to the micromorphological interpretations
in this project, reference slides were made of the different types of fertilising materials
which were described in the ethnographic and historical literature, and which could
therefore be expected to appear in the modern and possibly the prehistoric soils.

Samples were taken from the Shetland Croft Museum, which functioned as a traditional

farm until the 1930s, and from the Corrigall Farm Museum on Mainland Orkney. These

samples include:

 Dried peat from the peat stack at the Shetland Croft Museum.

o Samples from the packed earth between the stone flags of the Croft Museum’s byre
floor and drain.

o Peat ash from a peat fire in an open hearth from the Corrigall Farm Museum.

e Sheep dung (Corrigall)

o Cattle dung and straw bedding from a modemn muckheap at Sumburgh Farm, near

Scatness.
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A reference slide for coal ash was kindly provided by M. Canti of English Heritage.
Some processing was also undertaken in order to create further reference slides for peat

ash. Peaty turf samples were taken alongside the controls on Papa Stour and Scatness,

which were taken from areas of differing geology. These samples were burned at 400°C

and 800°C in a furnace. The tlow of air through the furnace (for extraction of smoke

and fumes) is believed to be similar to the flow of air through an open fire (Johan

Linderholm, pers. comm.).

Thin section processing

The micromorphology samples were processed using standard methods of the

Department of Environmental Science, University of Stirling:

1) The soil moisture was removed from the samples by acetone replacement.
2) Crystic resin was added to the samples (CRYSTIC 17449 with catalyst MEKP
LLA3) which were then placed under vacuum to eliminate the air.

3) The samples were left to cure for c¢. 3 weeks in the fume cupboard, followed by a

week in the drying oven.

4) The cured blocks were cut using a diamond blade circular saw and bonded to slides.
S) The slides were lapped on a Logitech LP40 auto lapping plate using silicon carbide

grit as an abrasive. The slides were hand lapped where irregularities occurred.
6) When the soil reached a thickness of 30 um the samples were polished on a

Logitech polishing pad using 3 pm diamond powder in ethanediol.

7) The slides were cleaned and cover slipped.
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4.5.2 Phosphates

Phosphate analysis has been widely used in archaeology as a method of prospection,
mainly to identify the extent of settlements and arable fields but also, with varying
degrees of success, to try to distinguish the two. Phosphorus has a strong affinity for
oxygen, and is therefore usually found in soils as phosphate, which occurs in organic
and inorganic forms. In the organic form the phosphate is bonded to an organic
compound, and in the inorganic form it is bonded to a metallic ion, either iron or
aluminium in acid soils and calcium in calcareous soils. In some studies the different
phosphate fractions appear to distinguish the different parts of the settlement, and it has
been suggested that the fractions may even indicate the type of crop which was
formerly grown in a field (Eidt 1977). The fractionation method seems to work on
some sites but does not work consistently and is strongly affected by changes in pH.
For this project a different type of fractionation has been used, which differentiates

levels of organic and inorganic phosphates in the soil.

Organic phosphorus typically makes up 20-80% of the total P in surface soil horizons
(Brady and Weil 1999). Organic P is found in vegetation, and consequently high levels
of organic phosphorus coincide with high levels of soil organic matter (Hesse 1971).
Soil microbes transform organic P into soluble phosphate (H,PQ,), which is either
taken up by plants or fixed as inorganic phosphate by reaction with Fe, Al, Mn or Ca
(Brady and Weil 1999). Organic P changes into inorganic P under the same conditions

as organic matter decomposes, and the rate of change is dependent on the same factors,
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mainly temperature, oxygen and moisture (ibid.). Organic P is also found in human and
animal excrement, and therefore the addition of farmyard manure to agricultural soils

raises levels of organic P in the soil (Linderholm 1997).

Although there is an increase in organic P in manured agricultural soils, there is an
accompanying increase in the rate of mineralisation which can counter the effect. In a
study of eight agricultural soils in North America, Sharpley and Smith (1983) found
that the organic P in all but one of the soils was lower than on uncultivated analogue
sites, although the total P content in all had increased. In a study of a cultivated soil 1n
Nigeria, Adepetu and Corey (1977, cited in Sharpley and Smith 1983) found that 25%

of the organic P had mineralised in the first two cropping periods after cultivation.

By contrast, an analysis of the organic/inorganic P proportions in podzolic soils in
Sweden has shown that both the total P and the organic P in the cultivated soils were
higher than in the uncultivated analogues (Linderholm 1997). The cultivated soils also
had higher levels of soil organic matter, which showed a positive correlation with the
organic P. A similar analysis was then applied to a cultivated soil and an uncultivated
analogue from a medieval farm abandoned in 1350, with similar results. A study of a
buried early Bronze Age agricultural soil in West Jutland, Denmark also had higher
organic P than the uncultivated analogue soil. These studies also found that the

dwelling areas had increased levels of inorganic P, a finding which was also

demonstrated by Eidt (1984) on sites in South America.
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The organic/inorganic fractionation method was applied successfully to a Roman site
on podzolic soils on the border of Norfolk and Suffolk. Levels of inorganic P within the
Roman town boundaries were higher than in the undisturbed podzol, while raised levels
of organic P were found in the surrounding buried agricultural soils which were

associated with the settlement (Macphail et al., in press).

The survival of organic P in the Swedish, Danish and East Anglian agricultural soils
may be related to the inherent infertility of podzolic soils. These soils could only be
successfully cultivated after the addition of farmyard manure, due to their acidity and

the low levels of soil organic matter. After the additions of farmyard manure ceased,

the soil microbes which change organic P into inorganic P must have declined.

High levels of organic P may also be preserved in soils which have been deeply buried,
in which anaerobic conditions have killed off the bacteria which transform the organic
into inorganic P. Work by Ottaway (1984) on a Yugoslavian tell site has identified a
higher level of organic P (12% of the total) in a buried Neolithic soil as compared with
the undisturbed soil below. The organic P levels were still higher (34%) in the buried

Iron Age and Roman soils, when the site was more densely settled.

Linderholm (1997) and Macphail et al (in press) calculate the proportion of organic P
by dividing the total P by the inorganic P to get the Ptot/Pinorganic ratio, so that a P
ratio of 1 indicates 100% inorganic P. Their work has established that in podzolic soils

P ratios of 1.5 to 10 are indicative of manuring. An analysis of a stable floor at Butser
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experimental farm produced P ratios of around 1, and investigation of thin sections
from the floor show the trampled bedding and dung cemented by mineralised

phosphate. Inorganic phosphate had also penetrated into the chalk floor of the stable.

Phosphate sample processing
The samples were ground into a powder and 1g (Bragasetter and Scatness) or 0.5g

(Tofts Ness) was placed 1n a crucible. Sml of 12N H,SO4 was added to each sample,
which was then placed in a 70°C sand bath for 10 minutes. The samples were removed

and a further Sml of 12N H,SO4 was added. The samples were filtered after cooling for
an hour, Colorimetry was carried out using ammonium molybdate and ascorbic acid
(see Appendix 6). One sample from each of the three sites was subdivided and the ten
sub-samples were processed in order to establish the amount of variation in the
sampling. The coefficient of variation in the replicates for Bragasetter was 7.49, for

Scatness it was 10.50 and for Tofts Ness it was 6.69.

4.5.3 Soil magnetism

The magnetic materials in soils derive from minerals which are natural components of
the parent materials, or from their secondary products. The only soil minerals to
strongly affect soil magnetism are the oxides and hydroxides of iron, and in most soils
there are only two strong magnetic minerals of any importance, magnetite and
maghemite (Mullins 1977). Magnetite occurs in sand-size grains in basalt, andesite and
(in smaller quantities) other igneous rocks. It is also formed by magnetotatic bacteria

which produce small chains of magnetite crystals in their cells. which build up in the
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soil (Thompson and Oldfield 1986). Secondary iron minerals are created by several

processes (Mullins 1977):

1) Oxidation at low temperatures (which only works in conjunction with other

processes) transforms magnetite into maghemite.

2) Buming at 150-259°C also transforms magnetite into maghemite.

3) Dehydration of lepidocrocite (which occurs mostly in gley soils) at 275-410°C
transforms this mineral into maghemite.

4) Maghemite is formed in the soil by reduction-oxidation cycles under normal

pedogenic conditions; soil biota may play some part in this process.

Soils and sediments can be characterised and distinguished from one another by the
composition of magnetic materials, the concentration of the dominant mineral and the
grain size (i.e. the number and size of magnetic domains within the crystals). The
composition, concentration and grain size can act as indicators for different parent

materials, different environmental processes, and as indicators for burning.

Table 1: Size range classes of magnetic crystals (magnetite)

Superparamagnetic

Around SP-SD boundar
Single domain
Pseudo-single domain

W

Materials which retain magnetism after they have been removed from the magnetic

field are called ferromagnetic or ferrimagnetic. Primary ferrimagnetic crystals in the
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soil are usually multi-domain (MD), and secondary iron minerals are usually single
domain (SD) or smaller (Thompson and Oldfield 1986). Secondary magnetic minerals
in cultivated soils are 1n the range of superparamagnetic (SP), viscous and SD (ibid.).
Magnetotatic bactenia produce superparamagnetic and single domain size grains
(Maher 1998; Dalan and Banerjee 1998), and the very fine grained superparamagnetic

grains are produced by burning (Peters and Thompson 1999).

Magnetic properties of soils and sediments have been used to correlate strata, to
establish past climates and to trace erosion and sedimentation patterns (Maher 1998). In
archacology the analysis of soil magnetism is commonly used to define the limits of
archaeological sites, areas or features by identifying areas of magnetic enhancement.
The technique was used in America on a Mississippian mound site where the sources of
the different deposits were traced by identifying the signatures of the different ‘natural’
soils, the archaeological feature fills and the midden deposits (Dalan and Banerjee
1998). Current research is also underway to trace the sources of ash in archaeological
deposits by characterising the magnetic properties and comparing them with the
properties of reference samples from wood ash and different types of peat ash (C

Peters, pers.com.).

All of the magnetic tests were carried out at Edinburgh University, with the help of Dr.
Clare Peters. Four magnetic tests were used for this project. Mass susceptibility
measures the concentration of ferromagnetic and ferrimagnetic crystals of all sizes, but

is more sensitive to larger grains (Dalan and Banerjee 1998). Frequency dependent
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susceptibility measures magnetic susceptibility at two different frequencies, so that the
proportion of superparamagnetic grains (which have a higher frequency) can be
quantified (ibid.). Anhysteretic Remanent Magnetisation (ARM) measures the
remanence after the application of a strong alternating magnetic field in the presence of
a weak, steady field (i.e. it measures how well the material retains the magnetisation
under this particular type of treatment); this is another way of measuring SD and PSD
grains (ibid.). Saturation Isothermal Remanent Magnetisation (SIRM) measures the
magnetisation persisting after a saturating field has been removed (ibid.), and 1s another

way of measuring the concentration of all of the magnetic grains in the sample.

4.5.4 Particle size distribution

The particle size distribution (PSD) in the soils and middens was estimated in order to
trace the sources of the different materials and to distinguish soils with an
anthropogenic input from the controls. PSD has been used together with thin section

analysis to trace the origins of the added turf material on Papa Stour (Davidson and

Carter 1993).

The particle size was estimated using a Coulter Counter. The samples were prepared by
sieving to 500 pm, which by the definition of Bullock et al (1985) removes the coarse

sand, or by the definition of the Soil Survey of England and Wales removes the coarse

sand fraction and part of the medium sand fraction. The samples were subject to loss on
ignition in a furnace at 425° C before dispersion and sampling in the Coulter Counter.

The particle size curves were plotted and overlain using the Coulter Counter software,



which shows the degree of variation between samples by plotting the standard deviation

when any two or more samples are overlain.

4.5.5 Soil organic matter

The percentage of soil organic matter in the archaeological soils, middens and controls
was estimated and compared using loss on ignition. Soil organic matter accumulates
where large amounts of organics such as stable manure are added to the soil (c.f.
Rothamsted experiments, Catt 1994), and peat and the addition of peat can be expected
to have the same effect. A high proportion of soil organic matter was expected to

correlate with a high organic P content, as recorded by Linderholm (1997), thus
providing further control to the analysis. The samples were oven dried at 105°C for 4
hours. 10g of each sample was measured out into a crucible and burned in a furnace at

850°C for 45 minutes, and the LOI was determined by the weight before and after the

organics were burnt off.

4.5.6 pH

Soil pH is a measure of acidity/alkalinity and is a key factor in plant nutrient
availability and microbial activity (Brady and Weil 1999). It was shown in Chapter 3
that efforts to regulate soil activity do not appear to predate the medieval period,
leading in the Netherlands to diminished productivity of the acidic plaggen soils. In
some regions, e.g. the Northern and Western Isles, the addition of calcareous material

to acidic soils was not carried out until the Improvements in the 18® and 19" centuries.
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The pH of the archaeological soils and middens was compared with the pH of the local

soils in each of the study areas in order to determine the effects of the soil amendments.

4.5.7 Historical sources

o First and second editton Ordnance Survey map sheet XXXV.13 (1880 & 1901),
Papa Stour

« The Head Dykes around Scatness were plotted from the first edition Ordnance

Survey by Brian Smith at the Shetland Archive in Lerwick.

4.6  The sites (Fig. 4.1

Bragasetter Farm, on Papa Stour, Shetland, was selected as the modern comparative
site on which to validate the methods because of the detailed ethnographic and
historical information which was collected on the island while the traditional system
was still in use; the resident of the farm was also able to provide information on how
the agricultural system had functioned before the land was given over to sheep grazing.
The field boundaries, kaleyard (walled garden) and planticrues (small enclosures built
to protect seedlings) are still intact, and the ridges and furrows of the arable fields are
still visible as earthworks (Plate 1). The different areas could therefore be sampled in

an attempt to establish the characteristic signatures of the different areas of the farm

where distinct manuring practices were carried out,
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Figure 4.1: Site Location
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Plate 1: Bragasetter Farm, Papa Stour

Plate 2: The Early Iron Age roundhouse at Tofts Ness
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The multi-period sites of Tofts Ness, Sanday, Orkney (Plate 2) and Scatness, Shetland
(Plate 3) were selected as the prehistoric study sites because both had distinct, multiple
phases of activity including multiple buried arable soils. Preliminary archaeological
excavation had already established the chronology of some of the soils and midden
deposits, so a sampling strategy could be planned which would include a representative
range of soils and contemporary middens. The published analysis of charred seed
remains and molluscs at Tofts Ness and the preliminary specialist investigations at

Scatness added to the understanding of the environment and economies of the sites.

Plate 3: Scatness under excavation, August 2000
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4.7 Excavation, Sampling and Controls

Micromorphology and bulk samples were taken from soil profiles and section faces 1in
test pits, which were excavated in order to record and sample the sequence of soil
horizons, buried soils and archaeological deposits so that different areas and different
phases could be compared. The test pits were excavated in spits in order to distinguish
strata which might otherwise appear homogenous in the field, and in order to recover
material for dating. Micromorphology samples were taken in Kubiena tins, and bulk
samples were taken from individual contexts adjacent to the tins. The bulk samples
were taken for analysis of phosphates, soil magnetism, particle size, loss on ignition
and pH (which were analysed at Stirling University, by the author) and for lipids,
isotopes (8"°C, 8"°N and 57'S) and elemental analysis (to be analysed at the Bristol
University Department of Chemistry). All of the bulk samples were. air dried and sieved
at 2mm, and the samples for lipids, isotopes and elemental analysis were sent to Bristol.
All soil horizons and archaeological deposits were described using standard
archaeological recording methods, including descriptions of Munsell colour, texture,

stoniness and quantity of cultural matenal.

Control samples were taken in order to compare the agricultural soils and midden
deposits with relatively unaltered, non-agricultural soils. Because of the intensity of
land use over the millennia none of the ‘natural’ soils can be regarded as unaltered, but
samples were taken from local pasture (which has been enriched by the dung of grazing
animals) and moorland (which was subject to peat cutting and grazing). The

micromorphology control samples provided information on the lithology of the
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different local soils and the pedogenic processes such as iron and clay movement. Bulk
samples from the control areas provided background levels of phosphorus and soil
magnetism from areas of differing geology against which the samples from the

agricultural soils could be compared in order to determine the degree of enhancement.

4.7.1 Fieldwork: Bragasetter

The fieldwork at Bragasetter comprised the excavation of 16 test pits, four in each of
the different functional areas (rig land, infield grazing, kaleyard and planticrues).
Samples were taken at consistent depths (15-23 cm, 30-38 cm, 45-53 cm and 60-68 cm)
in each of the test pits, so that replicates could be taken and compared. The test pits
with the deepest profiles in each area were selected for analysis, and a replicate profile
from the rig land (the area with the most variation, according to the historical literature)
was also analysed. Further replicates were taken at 15 cm depths from the kaleyard, rig
and planticrues. The 15 cm samples were considered to be of particular importance
because the uppermost part of the profile will contain the most recent additives to the
soil. This supposition was confirmed for the kaleyard by the recovery of modem
pottery from depths of 31 cm and 34 cm (Test Pit 4) and 38 cm (Test Pit 1). A total of

16 micromorphology samples were analysed, including the replicate samples.

4.7.2 Fieldwork: Tofts Ness
Tofts Ness was excavated by S.J. Docknill in the 1980s. For the current project two of
the excavation trenches from Mound 11 were partially re-opened in order to obtain
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