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The Element Composition of Soils from Archaeological Landscapes in Boeotia,

Greece

Jonathan Neil Rimmington

Soils collected from the archaeological landscape of Boeotia, Greece were analysed for
their element composition using the NERC ICP-AES facility at the Royal Holloway and
Bedford New College. The aim of the thesis was to establish whether element analysis
could be used to indicate the nature and intensity of past human activity, in particular
manuring which was the suggested cause of the ubiquitous spread of sherds across the
landscape. The thesis built upon earlier studies in Boeotia which had highlighted lead,
copper and zinc as possible indicators. This thesis confirmed that lead and zinc were good
indicators at the site level, and also highlighted potassium, phosphorus, manganese and
barium as good indicators at the site level. Barium proved to be the best indicator being
stable in the soil environment and showing a clear relationship to the size of the settlement
site. This thesis did not establish an element signal which reflected the intensity of sherds mn

the non-settlement manured landscape. The dilution of certain elements in the soil
environment was as important as an increase in concentration. This was due to the addition

of organic material divorcing the surface soil composition from the influence of the
underlying geology. Multi-element analysis was useful in highlighting groups of elements
which was particularly of use in disceming anomalies caused by the underlying geology.
Sequential analysis of a selected group of samples was used to highlight whether any
portion of the ‘soil particularly influenced the changes in concentration due to human
activity. Future work should concentrate on improved modelling and testing of models on

historical, ethnoarchaeological and reconstructed archaeological settlements.
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CHAPTER 1

INTRODUCTION

1.1 The Aim of the Project

The primary aim of this project is to establish whether element signals can be

detected in the soil which bear a relation to the archaeological landscape. The secondary
aim 1s to ascertain the extent to which the signal reflects the intensity and nature of past

human activities on archaeological sites and in the archaeological landscape.

The research was conducted in conjunction with the Cambridge-Durham Boeotia
Archaeological Expedition (Expedition directors: Dr. J.L.Bintliff (Durham) and Prof.
A M.Snodgrass (Cambnidge)). The research has been focused on three main areas:

archaeological background, theoretical modelling of ancient impacts and field experiments

in Boeotia.

1.2 Introduction

The basis for this research is the observation that past human activities have
caused changes in the physical and chemical properties of the soil, which are detectable in
the present day. This research is concemed with the chemical changes to the soil. It is

specifically concemned with the changes that occur to the element composition of the soil

due to human occupation and activity.




It is well known that the human activities of agriculture and industry can alter the
element composition of soils (Shiel, 1991; Thornton, 1991). In agriculture the benefit of
adding materials such as manure to improve the crop yield, thus altering the elemental
composition of the soil, has long been recognised. The merits of different types of manure
are described by the classical writers (White, 1970). The materials added to the soll

contained the nutrients required for crop growth and maturation; nitrogen, phosphorus and
potassium and other elements which are coincidentally introduced to the soil. The classic

example of how agriculture can alter the soil is the plaggen soils of the Netherlands (van de
Westeringh, 1988). The plaggen soils are characterised by a dark, humic topsoil fifty
centimetres thick which has developed through the continued application of byre matenial
(cow or sheep dung mixed with forest litter, heather and grass sods). The purpose of these
applications was to mmprove the fertility of sandy soils in order to sustain arable
cultivation. Elsewhere, the types of material added to the soil in order to fertilise and
condition it have been diverse. In the coastal areas of Ireland calcareous sand and seaweed
were added to the soil (Conry, 1971). In more recent times lime has been added, to lower
the hydrogen potential of the soil and make it more suitable for cereal crops or good
pasture (Goudie, 1981).

The effect of industry can be local or global. Wastes from industry are diverse and
their nature will determine their effect. Solid wastes such as the gangue material from
mineral extraction are dumped in one locality and slowly permeate the surrounding
environment. Liquid wastes such as fine slurries from mineral processing, effluent from
tannenes and dye-houses enter watercourses and are deposited in the channel and over-
bank sediments of the channgl (Davies, 1980). Airbome wastes from activities such as
smelting can be carried long distances. Lead pollution from Greek and Roman lead

smelting two millennia ago, has been detected in the Greenland ice core (Hong ef al.,

1994).



In addition to the changes caused by agriculture and industry this research IS

concemned with a phenomenon called the “habitation effect” (Bintliff et al., 1988). This

term is defined as the change in the elemental composition of the soil due to general

domestic activities. It was first observed in a study of the effect of lead pollution from

industry on urban garden soils in comparison to a control sample of rural garden soils

(Davies, 1978). Davies noted that some of the control samples from rural gardens had lead

values which where lower than urban soils, but that could still be considered contaminated,
and that the level of soil lead increased in proportion to the age of the house (figure 1.1).

Thus the elevation of the lead content of the soil was most acute in the mature gardens.

Davies suggested that this was due to the application of coal ash to the garden soil. In a
later paper (Davies, 1980), a similar enhancement for copper, lead, zinc and nickel was
“ascribed to gardening activities such as the use of soot and coal ash or municipal
composts and general fallout from bonfires, vehicle emissions and industry.” Other work
has highlighted the fact that the combustion of products such as dung and wood can

increase indoor air and soil concentrations, and local soil concentrations of lead and copper

(Davidson et al., 1981).

The habutation effect could also occur through the use, wear and loss of metals
and other materials adding their distinct composition to the soil. For example, lead has a
long history of use. It was the first metal to be smelted from ore in about 4000 B.C.
(Sutton-Goold, 1990). Lead was used by many of the great civilisations including the
Egyptians, Phoenicians, Chinese, Greeks and Romans (Goodhart, 1985). In the Roman
period lead was used for many small objects such as candle-holders, small bowls and girdle
hangers (Sutton-Goold, 1990). It was even used as an item of exchange, the tessera, a
small leaden block used to replace silver coin when the expense of maintaining armies had

induced inflation (Sutton-Goold, 1990). Lead was also used in the Roman water supply

system as piping and tanks for storage and it was used as a sweetener and preservative in



wine (Eisinger, 1991). With such ubiquitous use of lead it is very likely that some will have
entered the soil through object loss, object wear and increased human body lead burden
leading to increased lead content of excreta. Lead serves as one example, though this
example may equally apply to other metals used such as iron, copper and tin, and to
everyday materials such as wood, pottery and stone.

The aim of this research is to establish whether element signals can be detected 1n

the soil which bear a relation to the archaeological landscape in terms of intensity and

nature of the past human activity.

1.3 The Boeotia Survey

1.3.1 The Archaeological Survey

Boeotia is a district of Greece situated in the central mainland (figure 1.2). The
archaeological survey expedition has been in operation since 1979, in which time, more
than fifty square kilometres of the region in south-west Boeotia around the ancient towns of
Thespiae, Askra and Haliartos, have been intensively field-walked (figure 1.2). In 1990 a
further three square kilometres area around the small ancient city state of Hyettos in north
Boeotia was surveyed as a control for the work in south-west Boeotia (figure 1.2). The
results of this work have produced a distribution of surface sherds which highlights the
general pattern of settlement in different periods of antiquity (figures 1.3a - 1.3f). These
results show that the greatest number of sites and greatest dispersal of settlement occurs in
the Archaic-Early Hellenistic periods and in the Late Roman period. In addition the results
have shown that sherds are spread across large areas of the landscape, the result of

manuring with domestic wastes which include the sherds (Bintliff, 1997).



1.3.2 Climate, Soils and Soil Erosion of the Survey Area

The climate of Boeotia is a Mediterranean type characterised by mild, moderately
wet winters and hot, dry summers when compared to the rest of Europe (Rackham, 1983).
The average annual precipitation of the region varies from 432mm per annum on the plains

to 732mm per annum on the mountain belts. The majority of precipitation falls in the

winter months. The average monthly temperatures at low altitudes range from 7°C in
January to 27°C m July. Summer, daytime temperatures can reach 40°C, which combined

with strong winds leads to a high evaporation rate.

The soils of the region are predominantly calcareous and oxidised. The pH of the

soils 1s seldom outside the range of 7 to 8 (Rackham, 1983). The soils of Boeotia have
been studied as part of a test of the use of Geographical Information Systems in land
evaluation for sustamable agriculture (Davidson and Theocharopoulos, 1992; Davidson et
al., 1994; and Theocharopoulos ef al., 1995). Entisols and gley soils occur on former lake
sediments whilst inceptisols and vertisols are associated with the fringing terraces and
alluvial fans. Alfisols are found at higher levels, either on the upper stable terraces or on
the upland plateau areas whilst entisols are dominant on the colluvial areas and steeper
slopes (Davidson and Theocharopolos, 1992). The soils of this study are those of the
upland plateau in the Valley of the Muses and Hyettos regions and therefore the soil
classes likely to be encountered are alfisols and entisols (where steep slopes are close to
sampling area). Alfisols are moist mineral soils with an eluviated layer beneath the A
horizon and an illuvial horizon of silicate clay enrichment (Brady, 1990). Entisols are
weakly developed mineral soils without subsurface horizons (Brady, 1990).

The soil studies include an assessment of soil erosion (Davidson and
Theocharopolous, 1992). The assessment of erosion is based on the extent to which

subsurface horizons have become exposed. On slopes less than 3 % there is a distinct lack



of erosion, of slopes between 3 and 6 % less than 30% exhibited exposed subsurface

horizons. Only on slopes of greater than 6 % is eroston more probable n occurrence than

not.

1.3.3 The Geology of the Survey Area

The general geology of Greece is one of limestone ridges folded along axes running
north west to south east (Ager, 1980). The ridges were formed in two episodes: one at the
Miocene-Pliocene boundary (5.1 million years ago), known as the Pontian movements,
when the modem Mediterranean Sea began to open, and the other at the Pliocene-
Quatemary boundary, known as the Villafranchian movements (Aubouin, 1977). The
valleys between them are filled by “Older Fill” (middle to late Pleistocene, 250,000-10,000
B.P.) and a series of Holocence fills (typically Early Bronze Age, Classical, Late Roman to
Medieval and Early Modern) (van Andel and Zangger, 1990; Bintliff, 1992).

The geology of Boeotia consists of a series of basins lying between two of the
lateral horsts (trending WNW to ENE) of the Dinaric-Pindus system (Ager, 1980). The
bounding horst to the north is the Kallidroman trend of the mountains Khlomon, Prophitis

Elias, Ptoion and Ktipas. The southem boundary is formed by the Parnassos trend of the
mountains Helikon, Kitharon, Pastra and Pames. The intervening valley systems are filled

by Tertiary deposits or Pleistocene fills.

Previous trace element studies of the soil have been carried out in the Thespiae
plains region and the Hyettos region. This study was carried out in the Valley of the Muses
(within the Thespiae region) and the Hyettos region (including the medieval to modem site

of Rhadon). The following sub-sections describe the local geology for each of these

regions.




Valley of the Muses - The geology of the Valley of the Muses, illustrated in figure 1.4, 1s
dominated by the mountains of Helikon and Pyrgaki. Helikon is composed of older material
than Pyrgaki. Helikon is composed of Upper Triassic (230-210 muillion years ago)
crystalline limestone. Pyrgaki is of Upper Cretaceous (98-65 million years ago) pelagic
limestones. At the Palacocene-Ypresian boundary (approx. 65 million years ago) these
limestones were subject to a period of uplift, folding and erosion. The result was the
formation of Helikon and Pyrgaki, and the creation of the undivided flysch deposits which

cover the floor of the Valley of the Muses. Flysch is a homogenised material formed by the

rapid erosion of rocks subject to tectonic uplift. Overlying the flysch in only a few places is

a layer of Quaternary alluvium and colluvium.

Thespiae - The plain around the ancient city of Thespiae is underlain by conglomerates,

sandstones, sands and red clay (figure 1.4). These were laid down in the late Tertiary and

Pleistocene periods. The source of rocks of this conglomerate are carbonates, shale,

sandstone and chert.

Hyettos - The acropolis at Hyettos and the upland region to the north west are underlain by
Upper Cretaceous transgressive limestones (figure 1.5). The flat plain area to the east and
south of the acropolis is underlain by Mesozoic (Triassic and Jurassic) deposits of marine
transgression and regression (thin limestones, shales and clays) intruded by ultrabasic
rocks containing peridotite, dunite and olivinite. The boundary between the Cretaceous
limestones of the uplands and the other Mesozoic deposits is marked by conglomerates of
the Upper Cretaceous marine transgression and chrome-nickeliferous lateritic iron-ore.

The chrome-nickeliferous lateriti¢ iron-ore has been mined over the centuries. The
occurrence of iron-ore near Hyettos is noted by Pliny (Bakhuizen, 1976). The iron ores of

north-east Boeotia are residual iron ores formed from ultramafic rocks under a tropical



climate in the Lower Cretaceous period (Kreulen, 1976). The combined action of the high
temperatures and heavy rainfall of a tropical climate, and the organic acids produced by
the abundant vegetation, chemically weathered the ultramafic material creating laterites of

one to ten metres in thickness (Kreulen, 1976). The ultramafic material consists of

magnesium and iron silicates. Iron oxide, being the only insoluble component occurring n

any important quantity, remains, as the other constituents are weathered and leached from

the rock. The resultant ores are distinguished by an intensely dark red coloured stratum
between greenish ultramafic rocks and the Upper Cretaceous limestones (Kreulen, 1976)

and are characterised by the association of the elements chromium, nickel, cobalt and
magnesium. After formation they were either buried by the Upper Cretaceous limestones or

eroded and transported, accumulating in depressions before burial (Kreulen, 1976).

Rhadon - The village of Rhadon sits at the foot of a north-east facing slope overlooking a
valley filled with Quatemary alluvium (figure 1.5). The village resides on rocks of mid to
lower Jurassic age, which include shales intercalated with marly limestone. The hillside
above the village is composed of Upper Cretaceous limestone. The junction between the
rocks of the hillside and the rocks beneath the willage is marked by the presence of

conglomerates of Upper Cretaceous age and tuffs of basic igneous rocks.

1.3.4 Modern Land-use of the Survey Area

The source for the historical view of agricultural and industrial development in the
Boeotian region is Slaughter and Kasimis (1986). The descriptions of land use in the study

areas are from my own observations.

The modemisation of agriculture and the introduction of factory based industry are

recent occurrences in Boeotia, mainly happening over the last three decades. The main



reason for this development occurring so recently is the turbulent history of the area. After
the 1821 War of Independence attempts had been made to encourage foreign capital. The
focal point of these efforts was the draining of Lake Kopais. However, the area suffered
from brigandage, which meant it was not secure until the last decades of the nineteenth
century. This insecurity led to the neglect of the region’s infrastructure and any

improvements required a large input of capital without any quick retum. Also discouraging
the development of agriculture was the limitation of land rights for the local peasantry. It

was only in 1931 that a British company, the third company to attempt it, successfully
completed the drainage of Lake Kopais. The land was offered as frechold plots, but no

buyers came forward and the entire drained lands by default fell under the ownership of the
British company who proceeded to exploit the position, increasing rents, mechanisation and

expansion of the force of wage-labourers. Elsewhere, traditional farming practices of
peasant cultivation persisted in the inter-war years. The period of the Second World War
and the Civil War which followed were a time of dire poverty for Greek peasants and
troubled times for the Bntish company. The holdings of the British company were
expropriated by the Greek state in 1953 and distributed among the local villages.

The mtroduction of modem farm machinery enabling the intensification of
agriculture in the region has been the product of the last two decades, through the pressure
to mechanise as labour availability has decreased, and as credit has become easier to
access. The pressure to modemise has forced many to sell their holdings and as a result the
remaining holdings have increased in size by amalgamation. The region has therefore only

had limited impact by modem intensive agriculture.

The Valley of the Muses - The valley is agricultural. The predominant crops grown are

cereals, olive, vine and rough grassland. In addition the occasional field is planted with



tomatoes or potatoes, and there are some almond trees. The vines have blue deposits on

their leaves suggesting the use of blue vitriol, a fungicide containing 25 % copper.

Thespiae - The plain around the ancient city of Thespiae is very much an area devoted to

cereal production, mainly wheat and maize. The other crops grown in this area are

tomatoes and water-melons.

Hyettos - The plamn to the east of the Acropolis is intensively used for agriculture. The
main produce of the plain is cereals as it is to the east of the Acropolis. The other crop

observed on the plain during fieldwork was tobacco. The feature most noticeable as absent

from the plain is the presence of olive trees which are only located near to the acropolis and
on the hills to the west of the Acropolis. The area to the south of the acropolis where the
1995 so1l sampling was carried out is an area mainly devoted to cereal production and

grazing.

Rhadon - The medieval village of Rhadon lies on the south side of a valley which is used
for the production of cereal and tobacco crops as was observed to the east of the Hyettos

acropolis. The village site itself lies above this intensively farmed area and is used solely

for grazing,
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CHAPTER 2

SOIL CHEMICAL ANALYSIS AND ARCHAEOLOGICAL INVESTIGATION

2.1 Introduction

In the past the soil has been considered only as the veil to be removed to uncover

the archaeology beneath. The first observation that soils could yield information about
archaeology was made by William Camden, who writing in his book “Britannia” in 1600

noted the features now called “crop marks” (Daniel, 1967). However, it has not been until
the twentieth century that the analysis of soil properties, including aerial photography of
crop marks has become more common in archaeological investigation. The information
that soils contain can exist in a observable form, such as a change in soil colour or the
improved / retarded growth of a crop due to the archaeological influence on a soil. It can
also exist m an analytical observable form, such as the changes in soil chemistry, the

subject of this thesis. Archaeological soil investigation covers a wide range of techniques

from simple field tests to complicated analytical procedures, which are necessary to extract

as much mnformation as possible to aid in the interpretation of a site.
This chapter is concerned with reviewing only the use of soil chemical analysis to
investigate the elemental constituents of the soil in relation to archaeological activity. The

principal soil chemical tool, phosphate analysis, is discussed, followed by other element

analysis techniques used to investigate the changes in the elemental composition of soils on

and around archaeological sites.
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2.2 Soil Phosphate Analysis in Archaeology

2.2.1 Introduction

Soil phosphate analysis has been in use as a tool for archaeological investigation
for the majority of the twentieth century. There are two main reasons why 1t 1s of use.
Phosphate is produced in significant amounts on a human activity area by a variety of
processes including waste disposal, burial and construction. Under most soil conditions,
once incorporated in the soil, phosphate is immobile, being bound in relatively insoluble
forms. These two factors mean that over a period of continuous activity in an area the
concentration of soil phosphate will be enhanced above normal soil concentration and will

remain enhanced after the area is abandoned.

The first observation of a soil phosphate enhancement in association with
archaeological remains was in 1911 by Hughes, a soil scientist working in Egypt.
However, 1t 1s Arrhenius in the late 1920s and early 1930s who is credited as being the
first to develop soil phosphate analysis as a means of archaeological investigation. His
development of the technique was built on observations he made while being employed by
the Swedish Sugar Manufacturing Company to map soils of southern Sweden. Here, he

observed a correlation between relatively high “plant available” soil phosphate and the

location of Mesolithic artefacts and medieval settlements (Eidt, 1984a).

The work of Arrhenius was followed up by numerous people in the 1930s. The
most notable of these 1s W. Lorch. He improved the methodology by outlining a shorter
laboratory method for phosphate analysis and presented thorough instructions conceming
sampling and treatment (Eidt, 1984a). Since the Second World War numerous studies have

refined these early techniques. There have been improvements in modelling and better
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understanding of soil phosphate, improved analytical techniques and statistical analyses of

the results. This chapter summarises the important aspects of this development.

2.2.2 Sources of Archaeological Soil Phosphate Anomaly

An archaeological soil phosphate anomaly is defined here as an area of soil
phosphate concentration which is quantifiably distinct from normal background levels.
This could mean greater than or less than the normal background soil phosphate
concentration. It is common for articles to refer to three main sources of phosphate
anomalies (Provan, 1971; Proudfoot, 1976):

e urine and faeces of humans and animals,
o refuse derived from bone, meat, fish, plants, together with skeletal remains in graves,
e animal manure applied as fertiliser.

These are very important sources for the enhancement of soil phosphate, but they
are not the only sources for the establishment of an anomaly. Any process in which humans
play a cognitive or unintentional part, resulting in an alteration to the soil phosphate
concentration 1s a potential anomaly of significance to archaeological interpretation.

Therefore, wastes from industrial processes and debris from the construction and

destruction of buildings should also be included.

The enhancement of phosphate has been modelled by Cook and Heizer (1965).
They estimate that a living group of 100 people would excrete 62 kg of phosphorus
annually. The amount deposited as waste or garbage, they estimate to be the same as
human excrement. Here they add the caveat that the amount produced as waste 1s
extremely hard to judge incorporating food residues of all sorts including bones, ash from
domestic fires, clothing, vegetative matter in dwelling construction and also industries.

They do not give estimates for excrement produced by livestock.
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It should be noted that the anomalies produced by the above activities can be

mimicked by natural geological anomalies in the surface horizon. The profile variation of

phosphate and the form of the phosphate will however differ.

2.2.3 Retention of phosphate in soil

Here, the term phosphate refers to the phosphate ion (PO,)*. The group of
compounds associated with this ion, the orthophosphates, are the forms that phosphorus 1s
almost exclusively found as within the soil environment (O’Neill, 1993). Natural soil
phosphate 1s derived from the mineral apatite, Cas(PO,);X, where X can be CI, F, OH or

12 COs*. Rock phosphate contents range from 100 pgg™ (0.01 %) in sandstones to 2000

pgg” (0.2 %) in phosphate rich limestones (Stevenson, 1986). The normal range for soil
phosphate contents is 100-1000 pgg™ (Bethell and Maté, 1989), but generally falls within

the range of 500-800 pgg™ (Stevenson, 1986). Values in excess of 2000 ugg" are
frequently found in some archaeological situations (Sandor and Eash, 1995: Weston, 1995)
In normal situations the highest total concentrations of soil phosphate exist in the upper A
horizon where the residues of plant and animal material are greatest. It is lowest in the

lower A horizon and upper B horizon due to plant uptake through their roots. Levels in the
lower B horizon and C horizon are of the same order as the surface horizon.

The soil solution contains on average phosphate concentration 0.05 mgl™” and is in
equilibrium with the soil phosphate content (Bethell and Maté, 1989). The rate and
direction of phosphate movement is dependent on the cropping regime, pH, activities of

micro-organisms, and the presence and concentrations of aluminium, iron and calcium ions

(Bethell and Maté, 1989).

The sources of phosphate from human activities have been outlined above. The

form of phosphate added to the soil is either inorganic or organic. Inorganic phosphate is
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added in the form of bone, ash and industrial wastes such as construction materials and

slags. Organic phosphate is added from plant and animal residues. Once added to the soil 1t

may be broken down and released into the soil solution. Here the phosphate 1on may occur

as a discrete entity or bound to one, two or three hydrogen atoms (HPO*; H,POy or

H;PO,). The discrete phosphate ion and phosphoric acid (H;PO,) are only found in

extremely alkaline and acid conditions, respectively. The remaining two species are those

found in the soil solution under normal soil conditions (pH range 5-8), H,PO4 being the

dominant species in acid environments and HPO,” in alkaline environments (figure 2.1).

Once in solution it may be;

e absorbed by plants,

e adsorbed onto the organic matter of soils,

o re-deposited as msoluble or slowly soluble mineral forms, such as calcium, iron and
aluminium phosphates and occluded phosphates of hydrous oxides.

Phosphorus 1s essential to plants. It is required for photosynthesis, nitrogen
fixation, crop maturation (flowering, fruiting and seed formation), root development and
strength of straw mn cereal crops (Brady, 1990). The actions of humans and their livestock
in harvesting a crop results in the removal of phosphate from the soil. The amount taken up
by a plant will depend on the availability of phosphate in the soil and the type of plant.
Alfalfa, buckwheat, millet, lupins and sweet clover are efficient users of relatively

insoluble forms of soil phosphate. Barley, cotton, comn, oats, potatoes and wheat are
inefficient users (Stevenson, 1986). For example, a soil containing 500 pgg™ phosphate has
1,120 kg phosphate per hectare to the plough depth. If this soil is continuously cropped for
ten years with wheat, removing 10 kg annually, then 10 % of soil phosphate will be
removed (Stevenson, 1986). The majority of this removal is supplied from phosphate held
within organic matter. This is due to the practice of cultivation, which increases the

oxidation of organic matter and enhances microbial activity.
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Organic phosphate accounts for 20-90 % of total phosphate. The majonty of soils
have organic phosphate contents near the lower percentage. The highest percentages are for
peat soils (Mattingly and Talibudeen, 1967). Organic phosphates are concentrated in the
surface horizon and decline rapidly with depth. The nature of organic phosphate is poorly
understood (Stevenson, 1986; Brady, 1990). It is known that organic phosphate resides 1n
three main groups:

e 1nositol phosphates (10-50 %),
e phospholipids (1-5 %),
e nucleic acids (0.2-2.5 %).

Inositol phosphates are esters of hexahydrohexahydroxy benzene, commonly

referred to as inositol. The most common form is the hexaphosphate (18.2-65.6 % of
inositol phosphates), which i1s probably microbial in origin. Mono-, di- and triphosphate
are found in plants and m sum account for 15-45 % of inositol phosphates (Stevenson,
1986). Phospholipids are derived from microbial activity. They are insoluble in water but
soluble in organic solvents. Nucleic acids are found in all living cells as ribonucleic acid
(RNA) and deoxyrnibonucleic acid (DNA).

Phosphate in morganic compounds is found bound to cations of calcium, iron and
aluminium. The form 1s dependent in part on pH (see figure 2.2). In acid environments (<
pH 6), phosphate 1s readily precipitated as highly insoluble iron and aluminium phosphates

(equation 2.1) or adsorbed onto oxide surfaces (equation 2.2).

Eqn. 2.1 A’ + H,PO; + 2H,0 = 2H+ + Al(OH),H,PO,

(soluble) (insoluble)
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Eqn. 2.2 HO HO

Al H,PO4+ OH

N/

\ Al OH + H,PO, =
/ 20Uy
HO HO

(soluble) (insoluble)

In calcareous soils less soluble di-calcium phosphates (Ca(HPO,);) and tri-calcium
phosphate (Ca3;(P0,);) are formed. If high calcium concentrations are maintained then the

latter may convert to carbonate apatite (Bethell and Maté, 1989). Phosphate may also be

adsorbed onto clay surfaces by anion exchange (equation 2.3).
Eqn. 2.3 AIOH ’ OH + H1P04- = | AIOH * H2p04' + OH

It 1s because of the tenacious bonds that phosphate makes when adsorbed onto
colloidal surfaces and the insoluble complexes it forms with divalent and trivalent cations
that losses through subsurface and groundwater run-off are minimal (0.1-1.2 kg phosphate
per hectare annually). The majority of soil phosphate losses are incurred by erosion

(Stevenson, 1986). This 1s affected by slope, cropping practice, type of soil, and amount

and mtensity of rainfall.

2.2.4 Methodology of analysis

Whatever the method of soil phosphate determination, the extractant used is an
acid or alkali which causes the alteration of phosphate compounds into soluble
orthophosphate. The amount and type of soil phosphate extracted is a function of the

strength of the acid or alkali used (Bethell and Maté, 1989). For example, the early
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workers Arrhenius, Bagge and Christensen all used weak acid extractants which removed
“plant available” soil phosphate into solution.

The first archaeological application of total soil phosphate analysis came from the
work of Johnson and Nicol (1949). They extracted total soil phosphate using concentrated
sulphuric and nitric acids. This work, compared with results for “plant available” soil
phosphate, showed that the “plant available” amounted to only 2-11 % that of total soil
phosphate and the spatial pattern produced by each technique was different. The results for

total soil phosphate more closely correlated with the archaeological artefacts, in this case a

calm.

The determination of “plant available” and total soil phosphate have been the main

methods of soil phosphate analysis used in archaeology. Despite its large potential, a third
technique has been little used in archaeology due to its complex methodology and long
processing time (Sanchez et al.,, 1996). This technique is the fractionation and
quantification of different soil phosphate species. The technique was developed by Chang
and Jackson (1957) and has been modified by subsequent workers (Syers, 1972; Woods,
1977; Eidt, 1977, 1984a, 1984b). Eidt’s scheme for phosphate fractionation involved the
separation of soil phosphate into three fractions. These are:

Fraction I: easily extractable,

Fraction II: tightly bound or occluded iron and aluminium phosphates,

Fraction IlI: apatite and other tightly bound calcium phosphates.

In theory, the pattern produced by phosphate fractionation should be different in
areas put to different land uses, such as crop production and industrial areas or grazing
and residential lands. This is borne out by research shown in table 2.1 (Eidt, 1984b). This
table shows that mixed-vegetable producing land has the majority of soil phosphate in
fraction I (80-90 % of total soil phosphate). Forest soils have soil phosphate in the first

two fractions. It is only in residential areas that fraction IlI is significant and there is an
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equal distribution across all three fractions. Therefore, it is possible that where the
anomalies produced by conventional soil phosphate analysis are indistinguishable from
each other in terms of determining land-use, then fractionation could be of use. Eidt
(1984b) also noted that the level of fraction II phosphate in modem residential areas was
lower than abandoned residential areas (table 2.1). This is due to the creation of occluded

iron and alummium phosphates being time dependent. This idea has been followed up by
Lillios (1992) to produce an estimate of the date of occupation. Here Lillios ranked the

samples by their fraction 1I/ fraction I ratio, divided them into two groups (Bronze age and

Medieval) by their associated artefacts and compared them to the total soil phosphate
concentration (figure 2.3). Based on the fact that the total soil phosphate indicates intensity
of land-use and the ratio of fractions gives an estimate of age, this figure illustrates the

samples’ history.
2.2.5 Statistical analysis of data

Some papers have used statistical approaches to improve the interpretation of soil
phosphate data (Conway, 1983 and Cavanagh et al., 1988). Conway employed a technique
called trend surface analysits. This produced generalised maps of the phosphorus

distribution for extractable (“plant available™) and total phosphate. The technique allowed

the separation of a general pattern of enhancement over the structures from residual
enhancement values which related to small features such as hearths or pits.

Cavanagh et al. (1988) used change point analysis to delineate the boundaries of a
site. The assumption made is that the data set is of two distinct populations, those that
represent background (A) and those that represent background with the addition of a
human derived phosphate anomaly (B). By this statistical approach they were able to

locate the point at which B changed to A. However, the boundary does not necessarily
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define the boundary of the site as it is the boundary of the area which had undergone the
intensive application of animal and plant wastes which is defined, which probably relates

to the infield cultivation area.

2.2.6 Phosphate analysis and complementary techniques

Eidt (1984b) stated that: “Soil phosphate fractionation should be carried out 1n

conjunction with studies of organic matter, Eh and pH.” This is as much a true statement

whether it refers to “plant available” or total phosphate analysis. The additional
information aids the understanding of the phosphate data and the archaeological
interpretation. Organic matter enhancement could indicate where there had been significant

additions of plant and animal residues. Organic matter in conjunction with results for Eh
and pH gtve the so1l conditions which influence the retention of phosphate.

Recent studies have used other analytical techniques in conjunction with soil
phosphate analysis to improve the archaeological interpretation. The technique most
commonly used is magnetic susceptibility (Weston, 1995). This technique measures the
magnetic susceptibility (the ease with which a material can be magnetised) of a known
mass or volume of a soil (Thompson and Oldfield, 1986). The presence of archaeological

features, such as fires and rubbish pits is detectable by the enhancement of magnetic

susceptibility they have caused.
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2.3 Other Elemental Chemical Analyses of the Soil

2.3.1 Introduction

Elemental analysis has a number of applications in archaeology. These include
artefact provenancing studies to identify the source of the artefacts’ raw materials,
nutritional and toxicological information from bone analysis, the detection of body

silhouettes where bone has been dissolved, and identification of archaeological features.

Despite beginning in the early nineteen fifties, the element analysis of archaeological soils
to identify archaeological features is less developed than for the other three applications. It
is only in the last two decades, with the improvements in availability and reliability of

multi-element analytical instruments such as the inductively coupled plasma mass
spectrometer (ICP-MS) and atomic emission spectrometer (ICP-AES), that elemental
analysis has become a more practical and accessible tool for investigation. The following

sections describe the development of elemental soil analysis in archaeology.

2.3.2 Development of Soil Elemental Analysis

In the early fifties, Sokoloff and Carter (1952) analysed soils from midden sites in
Flonda to assess the stratigraphic distribution of nickel, cobalt, copper, zinc, manganese,
chromium, alumina and ferrous iron. Based on the assumption that the elements were
enriched in human refuse and that these dissipated with time down to levels comparable to
a control soil, the aim was to create floating chronologies of the middens by the degree to
which the elements had been leached from the midden. Their results concluded that these
elements were not easily removed from the midden, stating that “a period of 1000 to 2000

years is not enough to bring the distributions of trace elements in a midden to that in a
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comparable undisturbed site (control soil)” (Sokoloff and Carter, 1952: 5). They also
concluded that of the elements analysed, copper and zinc were particularly diagnostic of
human refuse.

The early development of soil element analysis was hampered by “the great technical
difficulty in performing the requisite analyses with a sufficiently large number of samples™

(Cook and Heizer, 1965: 2). Also development was driven by the needs of agricultural
science, hence analysis concentrated on the more easily detected major soil elements, such

as calcium, carbon, nitrogen, phosphorus, magnesium, sodium and potassium. The
principal study of this period was by Cook and Heizer (1965) who analysed a number of
sites in California and Mexico for organic carbon, nitrogen and calcium in addition to
phosphorus and pH. They noted that in addition to greater phosphorus levels, the
concentrations of calcium and organic carbon were greater in anthropogenic soils.

Work on the major soil elements continued with Griffith’s (1980 and 1981) studies
of the Benson Site, a former Huron Indian village of the seventeenth century, situated
ninety kilometres north-east of Toronto, Canada. The first study (Griffith, 1980) observed
the general enhancement of magnesium, organic phosphorus and inorganic phosphorus in
soils of the village when compared to soils away from the village. The second study
(Griffith, 1981) was the first to define use areas within a site based on the elemental
signature. Analysing the exchangeable potassium, exchangeable magnesium, exchangeable
calcium, organic phosphorus and inorganic phosphorus of soils sampled from a range of
different site features, including a midden, pits, hearths, paths, longhouse interior and areas
of wvillage devoid of features, Griffith was able to discriminate which elements are
characteristic of which feature. Griffith concluded that the midden feature was easiest to
discriminate from other features as it had the highest values of magnesium, calcium,
potassium, organic phosphorus and inorganic phosphorus. Midden values for calcium were

three times higher than any other feature and both inorganic and organic phosphorus were
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twice as high as in any other feature. Using discriminant analysis the lower magnestum
values found in the soils of the paths could separate them from the soils of pits, posts and
the longhouse interior, and the organic and inorganic phosphorus values of the paths, pits
and longhouse were statistically distinct from each other.

Woods (1984) analysed iron, copper, zinc, nitrogen, potassium, magnesium,
phosphorus, organic carbon, and pH to determine site boundaries, define stratigraphic

units, delimit intrasite activity areas and features at Fort de Chartres I, an early eighteenth

century AD French fort on the Mississippi in Illinois, USA. Results confirmed previous

work that phosphorus, calcium and pH were effective cultural indicators, but the other
elements were considered not diagnostic.
Recent research includes the study by Schuldenrein (1995) of two hunter-gatherer

sites in North America. Schuldenrein analysed soil pH, phosphorus, potassium, calcium,
magnesium and sodium from profiles on these sites and concluded that the presence of
bone and the activity of butchering resulted in greater concentrations of phosphorus,
calcium, magnesium and organic matter.

A study of importance to this thesis as it looked at a suite of elements, was

conducted by Evershed ef al. (1997) at the Butser Ancient Farm site. Soils from field VII

at the site were analysed for the presence of 5B-stanols, magnetic susceptibility, and a
range of elements analysed on an inductively coupled plasma atomic emission spectrometer
(Al, Fe, Mg, Ca, Na, K, T, P recorded as weight percentage oxide equivalents, and Ba, Bi,
Ce, Co, Cr, Cu, La, Li, Mn, Ni, Pb, Sb, Sc, Sr, V, Y, and Zn as parts per million). Field
VII was divided up into four strips (figure 2.4), each strip measuring 7.5 m by 30 m. The
strips were divided from each other by narrow access paths (Reynolds, 1990: 92). The
central two strips were manured with a mixture of cattle dung and straw at a rate of 10
tons per acre per annum for a period of thirteen years (1976-1989). This left two outer

strips which were un-manured. The strips were subject to an annual ard and hoe cultivation
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of a variety of wheat crops, including emmer, spelt and a modem hybrid wheat (Reynolds,
1990: 92). In 1990 soil samples were taken, using a soil corer, at one metre intervals along
a north-south transect across the field (figure 2.4). In addition three control samples were

taken from an uncultivated part of the site. The results for 5B-stanol (figure 2.5) and

magnetic susceptibility show greater values over the manured area of the site than the un-
manured. The element analysis results were observed as showing no significant difference
between the manured and un-manured areas of the field except for potassium (figure 2.6)

and it was concluded that “at the level of application and soil type involved, inorganic

elemental analysis does not show any clear evidence of addition of manure to the centre of
the field” (Evershed et al, 1997: 490). In the article only the results for potassium,
aluminium, iron, calcium, phosphorus and manganese are shown (figure 2.6), but from

these certain points may be made. There are three ‘possible reasons for no discemible
enhancement of most elements in the manured soil when compared to the un-manured soil:
(1) insufficient period of application, (2) that the applied material is not sufficiently distinct
in elemental composition from that of the soil, or (3) that their may be some soil mixing
between the manured and non-manured plots. The first reason is related to the second
reason as it assumes that the manure is only slightly different from the soil and through
repeated application this will become detectable in analysis. The second possibility, that
the composition of the manure is the same as that of the soil, is unlikely and the evidence
supports some differences. Potassium has already been mentioned and phosphorus was
described as showing a slight elevation in the manured zone. What was not mentioned in
the article (Evershed et al., 1997) was the decrease in calcium values (figure 2.6) over the
manured area, suggesting that the application of manures can cause a dilution effect as
well as an enhancement effect. The third reason is unlikely as the plots were divided by
access paths which would have limited any soil mixing between the manured and non-

manured plots. The lack of elements showing a distinct change over the manured area
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probably reflects the absence of materials such as hearth ash, bone material and sherd
fragments in the manure which would have been included in archaeological situations and
would have produced greater differences between the manure and the soil (see chapter 12).
In the mid-eighties, Boeotian studies of the trace element soil contents on
archaeological features and landscape began (Waters, 1987). This work concentrated on
the elements lead, copper and zinc and is reviewed in chapter 3. The results show a clear
relation to size of settlement, with higher values of these elements occuring over the
settlement than the surrounding countryside. Studies at farmstead sites are less conclusive
but suggest that higher values of lead are associated with the structures on the site, whilst

higher values of copper and zinc are associated with the manured enclosure or infield

around the structure.

Recent research has focused on multi-element studies. Ottoway and Matthews
(1988), n addition to calcium and phosphorus, analysed samples from a tell in Gomolava,
Yugoslavia for the biophile elements magnesium, strontium, zinc, copper, nickel,
manganese, chromium, lead and boron. They concluded that the results for zinc, copper
and nickel were highly correlated, with sharp peaks which could provide precise
information about individual strata in the tell with greater experience of interpretation. It
was suggested that manganese results could help to interpret phosphorus results further, as

greater manganese values are an indicator of ruminant excreta, whereas human excreta

tend to be lower.

Jenkins (1938) took another approach to trace element enhancements on
archaeological sites in Wales. Looking at charcoal samples from archaeological sites he
observed higher levels of silver, cobalt, chromium, nickel, lead and, in particular, tin in the
archaeological samples when compared to control samples. This he concluded to be due to

the ability of the charcoal to concentrate the elements through adsorption.
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The first multi-element, ICP-AES analysis of archaeological soil samples was
published by Linderholm and Lundberg (1994). The analysis provided results for iron,
arsenic, copper, phosphorus, manganese, vanadium, cobalt, molybdenum, zinc, chromium,
lead, and calcium. They observed that Cu, P, Mn, Zn and Ca had accumulated in feature
and dwelling samples, and Fe, V, Co and Cr characterised control samples.

Middleton and Price (1996) also employed an ICP-AES to analyse for a suite of
elements including Al, Ba, Ca, Fe, K, Mg, Mn, Na, P, Sr, Ti and Zn. The aim of their
research was to distinguish variations in samples collected from two archaeological house
floors (British Columbia, Canada and Oaxaca, Mexico). They concluded that floors and
hearths could be separated from each other and from the natural prehistoric ground
surface. They observed that aluminium and magnesium were accumulated in samples from

food preparation areas and that potassium, magnesium and phosphorus were accumulated

in samples from hearths.

2.4 Conclusion

Although n use since the early twentieth century, archaeological analysis of the
soil’s elemental composition has mainly been limited to phosphorus and other major ions

such as calcium. Multi-element analysis, including the determination of trace elements, has
only been mn use over the last decade, as it required the availability of instruments capable
of analysing a wide range of elements simultaneously and with precision.

Phosphorus analysis is the best established element in archaeological soil
investigations, though its results have been variable. Different extraction methods have
been developed to extract plant available and total phosphorus, and in the fractionation of

phosphorus. The information gained through phosphorus analysis has limitations due to
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problems of equifinality and is best used in combination with complementary techniques
such as geophysical soil analysis.
The elements analysed in previous archaeological soil investigation have shown the

following pattems:

e Phosphorus 1s accumulated in midden deposits (due to the presence of excreta, food

wastes and bone), n grave deposits, stockyards and byres, food preparation areas and

hearths.

e (Calcium i1s accumulated in midden deposits and in food preparation areas due to bone.

e Magnesium 1s accumulated in midden deposits, food preparation areas and hearths.

o Copper is accumulated in midden deposits.

o Zinc 1s accumulated in midden deposits.

e Manganese could be used to interpret phosphorus results as higher values indicate

ruminant excreta and lower values indicate human excreta.

Analysis of a thirteen year, annual cow and straw manure application to an

expertmental cereal cultivation area at Butser Ancient Farm has suggested that potassium
1s definitely enhanced in the manured soil, phosphorus slightly enhanced and calcium is

diluted as the calcium content of the manure is lower than that of the soil.
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CHAPTER 3

ELEMENT SOIL ANALYSIS IN BOEOTIA, GREECE

3.1 Introduction

Element soil analysis has been utilised as a technique of investigation on the
Boeotia archaeological survey project since 1986. In 1988 the technique was also used on
a similar archaeological project in Hvar, Yugoslavia and compared to the Boeotia data.
The Hvar data are included in this chapter.

The technique was used at two levels: the regional and the site level. The regional
level analysis had two aims, (1) establishing “background” values for the natural
concentration of trace elements in the soil, which could then be compared to those on the
sites to establish what chemical changes had occurred, and (2) to assess the impact on soils
of human activities in the archaeological landscape. Regional level analysis was carried out
on samples collected from areas where archaeological material was at low to medium
densities. Site level analysis was carried out on two levels of occupation intensity: the city
and the farmstead. The higher intensity of occupation for city sites when compared to
farmstead sites should produce significantly larger changes in the soil trace element

concentrations.

The element surveys carried out to date are shown below. Dates in brackets are
dates of printed material. Dates witilout brackets are dates of sampling. Analyses produced
by Waters (1987) are thought to contain a calculation error, which has proved untraceable
and therefore makes it difficult to use this data set. Of the samples collected and analysed

by Waters, the Thespiae transects and sites PP17 & PP27 have been re-sampled and
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analysed. In these cases the data sets will be compared to assess whether the Waters data

set can be used.

Regional level 1986 Thespiae transects 1, 2, 3 & 4 (Waters, 1987). Re-sampled in
1989 by Davies and Terzis (unpublished).

1988 Hvar transects 1, 2 & 3 (Watson, 1939).

1989 Area sampling of the Mavromati Plains and Mavromati West

(Chapman, 1990).

Site Level 1986  Sites PP17, PP27 & VM4 (Waters, 1987). Sites PP17 & PP27
have been re-sampled and analysed. PP17 remains unpublished.

The revised data for PP27 are in Chapman (1990)

1987  Sites VM64, VM89, VM95 & TPW2 sampled by Davies and
published in Gaffney (1990)

1988  Site P4 in Hvar, Yugoslavia (Watson, 1989)

1989  Sites PP27, TPW11 & Thespiae city (Chapman, 1990).

1989  Sites PP17 and a single transect sample of Hyettos plain sampled

by Terzis and Dawvies, analysed by Matthews (unpublished ).

The results from Waters (1987) appear in publications alongside later information.
The following list is where the accepted correct data are published: Regional surveys of
Mavromati West and Mavromati Plains, and sites PP27, TPW11 and Thespiae city are in
Chapman (1990). The revised Thespiae transects, revised PP17 and Hyettos city remain
unpublished. The Hvar transects and site P4 are printed in Watson (1989). Sites VM64,

VM89, VM95 & TPW?2 are published in Gaffney (1990).
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Results have also been published in Bintliff ef al. (1990) and Bintliff (1992). Both
contain data from Waters (1987) for the regional transects and for the sites, Thespiae city
and PP17. The 1990 paper also contains reliable data for site VM64 and the 1992 paper

contains reliable data from site VM64 and TPW?2.

The computer generated contour plots presented in this chapter and in chapters 13-

16 were produced using Uniras Unimap version 6.4. Using the fixed grid points the
contour plots have been produced by first performing a bilinear interpolation and then

computing gradients at the points.

3.2 Regional Level Sampling as a Means of Establishing a Base Level

One of the aims of the regional level sampling was to provide “background” values
for the concentration of trace elements in the soil. These values could then be used to
compare against values obtained for site based surveys.

Four regional level samples have been carried out to date. Three occur in Boeotia
and one in Hvar. The three Boeotia samples are Mavromati West (Mavro.W.), Mavromati
Plains (Plamns) and the four landscape transects in the Thespiae region (Thes. Trans.)
sampled by Davies and Terzis. The Mavromati West and Mavromati Plains samples are

area sampling schemes n regions of low to medium archaeological material recovery. The
lower levels of archaeological material recovered from these areas suggest that they have
been little affected by past human activities and will yield useful “background” values. The
regional sampling in Hvar, Yugoslavia consisted of three landscape transects. The transect
samples should have larger ranges than the area samples due to collecting samples from
more widely separated sample points and therefore sample conditions. The sample points

on a transect survey may differ in their proximity to modem and archaeological
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settlements, proximity to a pollution source (e.g. vehicle emissions from roads) and in the
type of modemn land-use (e.g. different crops will have different fertilisers, pesticides and
herbicides). The result of these differing conditions will be to produce a larger range in
values and a larger standard deviation than the area samples.

The resulting arithmetic means, ranges and standard deviation can be seen in table

3.1. The only comment that can be made for values of nickel, manganese and magnesium 1s
that they are high in the Thespiae region of Boeotia where the transects were carried out.

These high values probably indicate the presence of ultrabasic rocks which have high

values of cobalt and chromitum n addition to magnesium, manganese and nickel (Alloway,

1990).

The table also shows that values for lead, copper and zinc are fairly constant for

these regional samples. Most constant are the values for lead and copper. The values for
zinc are constant except for the Mavromati Plains sample area where it is much higher
than the other sample areas. The zinc values are an interesting set of values to compare
area regional surveys with transect surveys. Firstly, the assumption is made that the
Mavromati West sample area is of low modemn and archaeological human impact and that
the zinc values obtamed are indicative of the region. Then the Mavromati Plains data
which have low amounts of archaeological evidence could be high in zinc values due to a

modern 1mpact. Chapman (1990) suggested that the higher zinc values could be due to the

use of high zinc content phosphatic fertilisers on cereal crops. The zinc values for
Mavromati Plams have a high anthmetic mean value (71.5 p.p.m.) and the standard
deviation suggests that the majority of values in this sample area are around the mean. The
problem this poses for establishing a regional “background” value is that samples can be
collected from areas that are low in archaeological evidence and are thought to have
minimal modem impact, but does in fact have modemn impacts on it, which means the value

obtained as a regional “background” will be higher than the real “background” value. The
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soil 1s like a palimpsest; 1t is the overwritten record of all environmental factors and
conditions (including human activities) which prevailed during its formation (Dawies,
1980), which means that establishing “background” values is virtually impossible. The
Thespiae transect samples (Thes. Trans.) which cross a diversity of soil conditions have
the effect of averaging the zinc values. The transect samples have a wide range of values as
in the Mavromati Plains sample but there are far fewer high values in the former. The
resultant mean 1s much closer to that of the Mavromati West sample and the diverse nature
of the zinc values 1s indicated by the high standard deviation. Area samples can give an
accurate view of the “background” value of the region only if it is certain that there has

been no major archaeological or modem intervening activity. Transect samples will

average out the high values and thus provide a mean which is higher than the real

“background”, but will be less prone to providing an erroneous value due to a missed
observation.

The other feature 1n table 3.1 worthy of note 1s the lead values obtained for Thes.
Trans. The very high standard deviation would suggest a wide variety of values around the
mean. This 1s not so, the high standard dewviation is due to the one result of 556 ppm. If this
result was removed from the sample then the next highest value is 33.4 ppm. (displayed in

brackets in table 3.1). The standard deviation would drop to only 5.3 and the mean would

drop to 12.8 which is far lower than for the other samples.

The averages of the combined three regional surveys in Boeotia provides values for
each element which can be compared to the values obtained for the sites. The averages are
lead 27.5, copper 28.8, zinc 55.2, nickel 568, manganese 754 and magnesium 9370. If the
lower lead average (12.8) is used for the Thespiae transects and the Mavromati plains zinc
result ignored due to its probable modem origin, then the average for lead would be 24.6

and for zinc 47.0. The averages used to compare against the sites are lead 24.6, copper
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28.8, zinc 47.0, nickel 568, manganese 754 and magnesium 9370. For site P4 the Hvar

regional values of lead 29.3, copper 45.8 and zinc 44.7 are used.

3.3 Regional Transects and the Influences of Modern and Archaeological Human

Activity

The second aim of regional transects i1s to assess the impact on the soil
environment of human activity in the archaeological landscape. This second aim questions
the validity of the first aim as it assumes that the whole soil landscape is an artefact of
human activity and therefore, no true “background” value exists. What do exist are values
relating to different levels of human activity. The Thespiae transects (transects 1-4) travel
through areas of low to high human activity, as indicated by the sherd density (figure 3.1).
When the Thespiae transects are compared against the surface sherd densities (figures 3.2 -
3.4) there appears to be little overall correlation between the elements and sherd density. In
transect 1 (figure 3.2), all the elements except lead follow a similar pattem of
concentration and do not correlate with sherd density. However, values for lead are
elevated between 1800 m and 2200 m, where sherd densities are also high. Transect 2
(figure 3.3) crosses an area of low sherd densities and the elements all show a
corresponding lack of variability supporting the view that human activity causes varnability
in the soil’s element composition. In transect 2, a rise in the value of all elements can be
detected between 700 m and 1400 m which corresponds to the sample points nearest the
modem village of Palaiopanagia and therefore reflects the habitation effect of modem
villages. Transects 3 and 4 (figure 3.4) have been combined to produce a single transect.
Values of all elements exhibit a similar pattern in concentration, the only deviation is for
lead, which has elevated values between 600 and 800 m. This corresponds to an increase in

sherd density at the 700 m mark.
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Some of the Thespiae transect sample points can be compared with the earlier
transects (figure 3.1) of Waters (1987). The results (figure 3.5a-e and figure 3.6a-e) show
that only the lead values of Waters correspond to the lead values of Thespiae transect 1.
The remaining results show little correlation and therefore do not allow the Waters data set

to be used.
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3.4 Sites

The site surveys were carried out at two levels. The major site level or high

intensity/long period of use such as a city site and the minor site or low intensity/short

period of use such as a farmstead.

3.4.1 Major sites

3.4.1.1 Thespiae City

The ancient city of Thespiae covers an area of up to one hundred and fifty hectares
and has been occupied from the Neolithic until the Ottoman period (Bintliff, 1988). In the
Neolithic period occupancy was restricted to the magoula or artificial elevation in the north
of the survey area. Over the Bronze Age, early Iron Age and even into the Archaic period
the settlement of the area expanded in a sporadic pattern suggestive of a group of villages
and hamlets. The city’s main period of occupation was from the Archaic to the Early
Hellenistic. Its maximum extent was m the Classical period when the city covered some
one hundred hectares and had an estimated population of 13,000 (Bintliff, 1996). During

the Late Hellenistic period the city went into dramatic decline, reducing by at least one

third 1n area.

Two trace element surveys ‘have been carried out. Both surveys were conducted
across the southern edge of the Late Roman defensive wall (figure 3.7), where there 1s a
dramatic decline in sherd densities. The results of the Chapman survey will be discussed

first and then corresponding sample points will be compared to values obtained by the

Waters survey.
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All elements are elevated well above the background values obtained by the
regional samples and show a decline with distance away from the city centre (figure 3.8a-
¢). For all elements the wall acts as a barrier. Values outside the wall are less varied and
lower than values inside the wall.

The comparnison of values from the Chapman survey with those of the Waters

survey (figure 3.9a-c) is only possible for four samples which is insufficient to draw any
definite conclusions. Both surveys show that the values for lead and copper (figure 3.9a

and 3.9b) are higher within the walls of the city than outside.
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3.4.1.2 Hyettos Plain

The city of Hyettos had its origins in prehistory. The acropolis formed a small
community throughout the Bronze Age. A dramatic expansion of this village community
occurred in the late Geometric/ Archaic period. The settlement achieved city status by the

sixth century B.C. and reached its apex in the Classical and early Hellenistic period. The
occupied area comprises 28ha and represents an estimated 3500 towns people, representing

70 % of the total city-state population, the other 30 % lived in the countryside. The
population was supported by the production of crops, the exploitation of the rich iron ore
and an industnial quarter of the city, which produced rooftiles and pottery with a distinctive
magnetite filler. The city continued to exist on a lively but reduced spatial scale through the
Roman period until circa 600A.D (Bintliff, 1997a).

The geochemical survey of Hyettos Plain consisted of a 1230 m transect, starting
from a position about 300 m east of the acropolis of Hyettos on the presumed edge of the
occupied area (figure 3.10). The transect was sampled at 100 m intervals which meant that
the first two samples were from the high sherd density of the city periphery and the next
three samples fell within the Hyettos Plain sherd survey in the lower sherd density areas.
None of the elements (figure 3.11) show the dramatic decline with distance from the city
that the sherd densities exhibit. There are general declines in the concentrations of all
elements with distance from the city. With the exception of lead, the elements exhibit fairly
constant values over the plain near the city of Hyettos, and start to decline after the 800 m
sample point. Lead shows a similar pattem but it starts to decline in concentration earlier,
after the 500 m sample point. The higher values over the plain nearest the city reflect the
more intensive use of this part of the plain by the city. Values for magnesium, manganese,
nickel and zinc are above the average background values obtained from regional surveys.

Values of copper and lead are equal to or less than their background values.
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3.4.2 Minor sites

3.4.2.1 PP17

Discovered in the hilly hinterland of Thespiae during the 1984 field season, site
PP17 was interpreted as a domestic farm. The diagnostic material collected from the site,
dated the main phase of occupation from the Late Hellenistic period to the Early Roman
period (table 3.2). High counts of unabraided pottery testify recent deep ploughing of the

site. In addition to a ceramic density survey, the site has been surveyed (figure 3.12) for
tile counts (Gaffney, 1990), resistivity (Gaffney, 1990), and two trace element soil analysis

surveys (Waters, 1987 and Davies and Terzis, unpublished).

The twin-probe resistivity survey gives a good representation of the plan of a
buried structure (A), possibly divided into two rooms, surrounded by an enclosing wall (B)
(figure 3.3). The position of the buried structure coincides with the area of greatest tile
concentrations and therefore supports the assumption that this is the main structure of this
farm site. Two other high resistance features (Cl :and C2) are observed slightly uphill of
the buried structure and outside the enclosure wall. These two features correlate with the

area of greatest sherd densities and are suggested as being middens, the product of

domestic refuse dumping and other agricultural wastes (e.g. byre material).

The initial trace element soil survey of Waters (1987) is compared (table 3.3) to
the 1989 trace element soil survey of Davies and Terzis (unpublished). The means of the
two data sets differ widely and there is no discernible correlation between the two data sets
which might have assisted in the recalculation of the Waters survey. Therefore only the
results of Davies and Terzis’ survey are described here. The samples collected by Dawvies
and Terzis were analysed for lead, copper, zinc, nickel, magnesium and manganese (table

3.4). The ranges of lead, copper, zinc and magnesium exhibit values which exceed
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background values, although only lead and magnesium have mean values that exceed
background. The surface distribution of each of these elements can be seen in figures 3.14a
to 3.14f. Using overlay 1, the following observations can be made:

e The values of copper, zinc, nickel, magnesium and manganese are elevated over the

area inside the enclosure wall and outside the structure. This feature is best defined by
the results for zinc, which shows larger values in the enclosure to those of the
surrounding samples.

e The suggested midden feature C; also has elevated values for copper, zinc, nickel,

magnesium and manganese. This suggests that this midden feature is the product of

periodic cleaning of the enclosure.
e The results for lead show a strong positively skewed distribution which reflects the very
great values exhibited by four samples. Only one of these samples correlates with an

archaeological feature, the midden feature C,. Over the rest of the site lead values are

low and are below background.

e None of the elements show an enhancement over the house structure.
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3.4.2.2 PP27

Discovered in 1983, this small farmhouse site is situated in the hilly hinterland to
the north of Thespiae. It has a dated range from the Early Roman period to the Late
Roman period (table 3.5). The site has been subject to a surface sotl sherd, surface soil tile,
soil resistivity and trace element soil survey (figure 3.135).

The original soil resistance data of Gaffney (1990) have been reprocessed using

Insite 1.0 (figure 13.16a and b). The western extension of this survey, shown in figure 3.15
is not available for reprocessing. The soil resistance survey revealed four high resistance
features. Features A, B and C correspond to the position of the highest surface tile
concentration (figure 3.17) and are interpreted as part of a structure. It is proposed that
feature D is a boundary wall (Gaffhey, 1990). The survey of surface sherd densities (figure
3.18) shows that the highest sherd densities are to the west of the structure and along the
northem edge of the surface sherd survey gnd.

Soil samples were analysed for their lead, copper and zinc concentrations. All
three elements contain values in their ranges that exceed the “background” values (table
3.6). However, only lead has an anthmetic mean that exceeds “background”. All three
elements show a similar peak in soil concentration which approximates to the position of
the proposed structure (figures 13.19a - ¢). Lead (figure 3.19a) is generally elevated over
the whole of the survey grid and shows little relation to other evidence. Values of copper
and zinc (figures 13.9b and ¢) when the anomaly of the structure is removed, are lower 1n
value over the central area than on the periphery of the survey grid. The boundary between
higher and lower values of copper and zinc relates well to the resistance features

suggesting a walled area outside which manuring and dumping of refuse occurred.
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3.4.2.3 TPW2

Discovered in 1985, TPW2 is a large site of 3.4 hectares, situated on the plain to
the west of Thespiae. Diagnostic material from the site dates the site as Late Roman (table
3.7). This site has been surveyed for the surface soil tile, magnetic viscosity, magnetic
susceptibility and trace element survey (Gaffney, 1990).

The surface distribution of tile (figure 3.20a) shows two areas of high density, one
to the north of the survey grid and one to the south-west. These two areas, whose samples
also exhibit the largest magnetic viscosity (figure 3.20¢) values found in the survey gnd,
relate to probable structures on the site. The magnetic susceptibility of samples (figure
3.20b) shows their greatest values in the north-west comer of the survey grid suggesting
the accumulation of organic matter in this area, which could be confirmed if sherd
distribution in this area was investigated.

The soils of the survey grid were analysed for lead and copper (figures 3.21a and
b). Values of both these elements exceed “background” values. The greatest values of lead
in the survey grid correspond to the areas of greatest tile density and therefore to the
structure of TPW2. Copper is greatest over the south-west comer of the survey grid and

corresponds to the area of greatest magnetic viscosity:.
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3.4.2.4 TPW11

This small site, situated on the north bank of the Askris River in the Thespiae
Plains West area, was discovered in 1985. The diagnostic material collected from the site
suggest a very limited chronological span being the location used in the Roman and Late

Roman periods (table 3.8). In addition to the surface sherd density survey (figure 3.22), the
site has been surveyed for surface soil magnetic susceptibility, magnetic viscosity and tile
density by Gaffney (1990). Chapman (1990) surveyed an additional area for the surface

soil concentrations of lead, copper and zinc and tile densities.
The surface sherd density survey (figure 3.23) shows the area of greatest densities

to the west of the area of rubble. The surveys of Gaffney (1990) overlay the 20 m by 20m
area of greatest sherd densities. The surveys show (figure 3.24) that magnetic
susceptibility values vary little across the area, the largest values reside in a band from the
south-east side to north-west comer. Magnetic viscosity and tile densities are greatest over
the south-west comer of the survey grid. The tile suggests the position of the main
structure on the site. Chapman’s tile survey (figure 3.25) confirms that this area has the
greatest tile densities.

None of the three elements (lead, copper and zinc) have mean values above
“background™ (table 3.9). However, they all contain values within their ranges that exceed
“background”. These greater than “background” values are present over the area of highest
tile densities and sherd densities (overlay 3) for all three elements (figure 3.26a - ¢),
suggesting elevation in these elements due to the use of the structure. The elements copper
and zinc also show higher than “background” values in the north of the survey grid. The

lack of other information means that it is impossible to ascribe these to any archaeological

activity.

42



3.4.2.5 VM64

Discovered in 1984, this small site situated in the Valley of the Muses has a dated
occupation from the Roman to Late Roman period (table 3.10). The site has been surveyed
for surface soil tile density, magnetic susceptibility, magnetic viscosity, and soil copper

concentration and lead concentration (Gaffney, 1990). The mamn area of the survey was a

forty metre by thirty metre square with an additional eight, fifty metre transects extending
out from the main area to the north, east, south and west (figure 3.27). All methods provide
information for the main survey area. Magnetic susceptibility, magnetic viscosity, lead and
copper values are provided for the transects.

The tile densities in the grid survey (figure 3.28a) are greatest over the central
southem edge. The same area of the survey grid contains the highest values of magnetic
viscosity (figure 3.28¢c) and magnetic susceptibility (3.28b). Magnetic susceptibility values
also exhibit their highest values over the south-east comer of the survey gnd.

Values of lead do not exceed “background”. Values of copper only exceed the
“background” above the highest concentration contour (30 ppm). The highest copper
values (figure 3.29a) exist in the central and eastern parts of the survey grid. The majority
of the highest values are therefore associated with the soils outside the structure. The
highest lead values (figure 3.29b) are in a band running from the central southem edge to

Just short of the north-westem comer. Therefore some of the highest lead values are

assoclated with the structure, but others are also associated with the soils outside the

structure.

The values of magnetic viscosity and susceptibility (figure 3.30) show varying
results. The magnetic viscosity values for transect 1 A, 1 B, and 3 B, and the magnetic
susceptibility values for transect 2 A, 2 B, 3 B and 4 B show a decline in values with

distance away from the main survey grid. However, magnetic viscosity values for transect
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2 A, 2B, 3 Aand4 A, and magnetic susceptibility values for transect 1 A, 1 B, 3 A and 4
A show an increase in value with distance from the main survey grid and may reflect an
manured infield area around the main grid. A similarly unclear set of results is displayed
for the lead and copper soil values (figures 3.31a and b, 3.32a and b). For all transects,
both elements show no decline in soil concentration with distance from the main survey

grid. The only positive feature of these transect surveys is that values of both elements tend

to display less vanation over the site than over the surrounding suggesting that human
activities on a domestic site cause a lower variability in soil concentration by smoothing

out the peaks and troughs in the natural signal.
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3.4.2.6 VYM89

Discovered m 1984, VM89 is a large site (2ha) situated in the Valley of the
Muses. Diagnostic sherds collected from the site suggest 1t to be a Classical, Roman and
Late Roman site (table 3.11). Gaffney (1990) lists the site as being surveyed for its
ceramic count, tile count, twin-probe resistivity, and soil magnetic susceptibility, magnetic
viscosity, copper and lead values. Gaffney’s research was conducted on two small areas of
this site and only area 2 provided lead and copper values, to which values for magnetic

susceptibility, magnetic viscosity and tile counts can be compared.
The greatest tile counts are detected in the south-west portion of the survey (figure

3.33¢). The tile peak 1s not mimicked by either of the results for soil magnetic
susceptibility (figure 3.33a) or magnetic viscosity (figure 3.33b). Values of magnetic
susceptibility are greatest in the west and in the east of the survey grid and values of
magnetic viscosity are greatest over the central portion of the survey grid. Neither the lead
or copper values (figure 3.34a and b) exceed “background”. The greatest copper values
are 1n the north-west and south-east comers of the survey grid, areas of higher magnetic
susceptibility. The greatest lead values correspond to the highest magnetic viscosity values

over the centre of the survey grid. Neither of the elements are associated with the tile

suggested structure.
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3.4.2.7 VMO9S

Discovered in 1984, this small site situated in the Valley of the Muses, with a

scatter of approximately 2000 square metres is dated to the 4th-3rd century B.C. (table

3.12). The site has been surveyed by Gaffney (1990) for tile counts, and soil magnetic
susceptibility, magnetic viscosity, lead and copper values. The information provided by
Gaffney does not include any map location, but the surveys all use the same survey gnd
and can be compared against each other (figures 3.35a - e).

Tile counts suggest a structure in the left of the survey gnd (figure 3.35¢).
Magnetic susceptibility values are greatest in the bottom right comer (figure 3.35a) and
magnetic viscosity values are greatest in the top right comer (figure 3.35b). Values of both
lead and copper are below “background”. Both elements have their highest values
associated with the area of highest magnetic viscosity values in the top right of the survey

grid.
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3.4.2.8 P4

This site is on the island of Hvar in Yugoslavia. It is a small Hellenistic site

covering some 2000 m’. In addition to the survey of surface sherd densities (figure 3.36)

carried out by (Bintliff, 1988), the site has been surveyed by Watson (1989) for the

magnetic susceptibility, and concentrations of lead, copper and zinc of its soils. The

greatest sherd densities form a band stretching from the south to the north in the centre of
the soil survey grid. The highest values of magnetic susceptibility (figure 3.37) are to the

east of and associated with the area of high sherd densities.
The mean values of lead, copper and zinc do not exceed “background” (table

3.13). The ranges of all three elements do contain values which exceed “background™. The
area of highest magnetic susceptibility values (overlay 4) is associated with the higher lead
values (25 - 40 ppm). The highest lead values (> 40 ppm) are not associated with any of
the available evidence. The highest values of copper (> 40 ppm) are associated with the
westemn area of the highest sherd densities. The central portion of the grid, where both the
higher sherd and magnetic susceptibility values are, exhibit the higher values of copper (>
25 ppm). The highest values of zinc (> 50 ppm) are not associated with any other available

evidence. Higher values of zinc (40 - 50 ppm) are associated with the highest magnetic

susceptibility values.
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3.5 Conclusions

Regional sample surveys can provide regional averages for elements. Whether
these averages can be used as “background” values will depend on the care taken in

selecting the site and careful observation of any external influences, such as modem human

pollution. The nature of some of the regional results, especially zinc call into question the

use of regional samples to provide “background” values. If one considers the whole
landscape to be an artefact of human activity then no “background” value is obtainable,

only differing levels of activity. Even if there are areas devoid of archaeological and
modern activities it 1s not likely that these soils had similar properties to those of
archaeological activity otherwise they too would have been subject to exploitation.

The use of these regional “background” values is further questioned by the values
obtamed on single farmsites. The average values on these sites are, with only a few
exceptions, below the regiona<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>