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Chapter 2
Formation and Properties of Urban Soils

Andrew W. Rate

Abstract Urban soils form by the same overall set of processes that are 
involved in the formation of all soils. In this chapter we combine two general 
approaches to understanding soil formation, the first based on state factors and 
the second on soil fluxes. We review the soil properties used for identification 
and classification. The concepts of anthroposequences and urbanisation gradi-
ents are introduced, and the soil groups important for urban environments, 
Anthrosols and Technosols, are described. Changes in geomorphology caused 
by urbanisation, such as modification of hydrology and landforms created by 
additions of removal of material, are discussed. Specific examples of soils in 
modified urban environments, such as reclaimed coastal land, landfills, and 
constructed wetlands, are presented. Finally, this chapter explores the archaeo-
logical landforms and soil properties present in historical and contemporary 
cities, and the range of chemical, physical, and biological archaeological infor-
mation stored in urban soils.
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Some of what you could learn from this chapter:

• The basics of soil formation processes (pedogenesis) and soil classification as it 
applies to urban soils

• How landforms in urban environments have been modified
• The ways in which urban soils differ from (or resemble) non-urban soils
• The types of archaeological information preserved by soils and how archaeologi-

cal information can be obtained from soils

2.1  Introduction to Urban Pedology and Pedogenesis

The processes which result in formation of urban soils from their parent materials 
can be understood using the conceptual frameworks used for soil formation in gen-
eral. As a result, this chapter will first present and discuss the basics of the main 
concepts involved when considering soil formation in any environment.

McKenzie et al. (2004) summarise the two main approaches to understanding 
pedogenesis, or soil formation: first, the state factor approach, where observable 
soil properties reflect the environment during soil formation (including climate, 
organisms, parent material, relief, and time), and second, what we will call the soil 
fluxes approach, involving additions and losses to and from soil systems and trans-
formations and translocations of materials within the soil environment. It is most 
useful to have an understanding of both approaches in order to have a complete 
understanding of soil formation.

A. W. Rate
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2.1.1  State Factors and Soil Formation

The state factor approach to understanding soil properties and formation was most 
likely first developed in the late 1800s by the Russian scientist Vasily Dokuchaev 
(Evtuhov 2006). Dokuchaev viewed a soil as an independent environmental com-
partment, which has properties reflecting the combined influence of subsoils, cli-
mate, flora and fauna, geological age, and relief in the same location. This concept 
was developed further by several scientists and became a foundational idea in soil 
science following publication of Factors of Soil Formation by American scientist 
Hans Jenny (Jenny 1941). A common way of expressing the state factor model of 
soil formation is in the so-called clorpt equation (Eq. 2.1):

 
soil properties cl,o,r,p,t,,S f� �� �  

(2.1)

where ƒ( ) represents ‘a function of’; cl = climate, o = organisms, r = relief (topog-
raphy/altitude), p = parent material, t = time, … = any other factors (e.g. localised 
phenomena such as fire).

The scale of the clorpt factors is similar to the scale of observation for difference 
in soil properties. For example, when considering difference on soil profiles on a 
continental scale, we would consider large-scale differences in factors such as 
basin- or craton-scale differences in geological parent material, global climatic 
zones such as those in the Köppen-Geiger climate classification (Kottek et al. 2006), 
and large-scale relief such as mountain belts. In contrast, for an urban ecosystem, 
we would need to consider smaller-scale phenomena such as urban microclimates 
(e.g. an urban heat island), changes in parent material over short distances as a result 
of human disturbance, and smaller-scale relief such as individual hillslopes or 
excavations.

2.1.2  Soil Fluxes and Soil Formation

The soil fluxes approach to understanding soil formation and properties is derived 
from Simonson (1959) in which the focus is on the processes occurring in the soil 
itself. In this approach (called the ‘process-systems’ model by Schaetzl and 
Anderson 2005), the observable properties of a soil profile represent the balance of 
additions to or losses from soil, as well as translocations and transformations of 
material within soil. If the balance between additions, losses, translocations, and 
transformations differs, then the resulting soil profile will have different properties. 
The soil fluxes approach implies a more dynamic view of soils, since the processes 
involved are common to all soils, but the relative degree to which they occur affects 
the soil properties which can be observed at any point in time. For example, contin-
ued additions of material to a soil environment, such as net accumulation of organic 
matter, will ultimately result in a different soil profile.

2 Formation and Properties of Urban Soils
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A soil’s properties reflect the relative sizes of soil fluxes: additions, losses, trans-
locations, and transformations of material; however, this approach alone is not 
enough to fully understand soil formation and the resulting soil properties. A com-
bination of both approaches described here is more satisfying, in that it is the state 
factors that affect the sizes and types of soil fluxes that occur. We have tried to show 
this combined model of soil formation graphically in Fig. 2.1, which also treats time 
as a special factor because it is a dimension that all other factors and fluxes operate 
in. The unique combination of time, state factors, and fluxes results in different 
observable properties in a soil profile, and a list of the types of soil properties con-
sidered important in discriminating different types of soils appears in Box 2.1. Most 
these properties are important for other purposes as well, since they affect the ability 
of soils to perform critical environmental functions such as supplying water and 
nutrients to plants or modifying the behaviour and toxicity of pollutants. We will 
address these soil functions in detail in Chaps. 4, 5, 6, 7 and 8.

State factors
Climate, organisms, parent
material, relief, humans …

Fig. 2.1 A two-way conceptual approach to soil formation, showing the state factors in italic text 
and the soil fluxes in bold text. The state factors affect the relative amounts and types of soil fluxes. 
Time is shown as a separate overarching state factor since the other state factors are not constant 
but vary with time
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Box 2.1: Soil Properties Used to Identify Different Soil Types and 
Classify Soils
All of the soil properties below are controlled by the effects of the state factors 
on soil fluxes.

Horizons – these are the approximately horizontal, layer-like features in soil 
caused by pedogenesis. Soils differ in the types, thicknesses, colour, etc. of 
horizons and other properties (see below), whether or not there is distinct 
contrast between horizons, whether horizons are well-developed, and so on.

Soil organic matter  – concentration of soil organic carbon, depth(s) of 
accumulation.

Soil texture – measured by the relative amounts of sand (0.05–2 mm), silt 
(2 μm–0.05 mm), or clay-sized (<2 μm) grains or particles in the fine earth 
(<2 mm) fraction of soils.

Mineral types  – especially type of clay but also carbonate minerals, iron 
oxides, silica, or presence/absence of disordered minerals, volcanic glasses, 
gypsum, etc.

Exchangeable cations and soil pH  – some soil materials (especially clay 
minerals and organic matter) carry negative electrostatic charge which is 
balanced by the dominant cations in soil. The relative concentrations of 
these cations (H+, Al3+, Na+, Mg2+, K+, Ca2+) are related in part to soil pH.

Soluble salt content – a few minerals (salts) dissolve easily in water, and, if 
salts are abundant in soil, the result is high concentrations of salts in soil 
pore water. Such a soil would be considered saline.

Climate- and/or hydrology-controlled features – frozen subsoils, extremely 
leached horizon(s), saturation with water, arid-zone soils, desert pavements.

Presence of rock-like materials  – stoniness and composition of rock frag-
ments, cementation within or between stony components.

Degree of weathering or alteration – how different the soil material(s) are 
from the parent material.

Human modification – such as mixing by cultivation, presence of anthropo-
genic artefacts.

2 Formation and Properties of Urban Soils
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2.1.3  Pedogenesis of Urban Soils

A combined state factor-soil fluxes approach makes sense in urban systems if the 
effects of human activity are simply included in the ‘organisms’ state factor. Some 
soil scientists, however, consider anthropogenic effects as a separate state factor 
(e.g. Amundson and Jenny 1991). Even though inclusion of a human state factor is 
not restricted to urban environments, this is a useful approach to take given the great 
importance of human modification in cities. The impact of humans can also change 
some other state factors affecting soil formation, for example, by introducing new 
plant and animal species, creating new landforms and, more recently, modifying 
local and global climates.

In some environments, the state factor approach can be understood more easily 
by carefully choosing soils in locations which allow us to isolate the effects of a 
single factor on soil formation and properties. This leads to the concept of soil 
sequences, in which a series of geographically separated soils show a gradient in 
only one state factor, with the other state factors being approximately constant 
throughout the soils’ development. The most commonly studied of these is probably 
the toposequence, where the changing state factor is relief, such as a sequence of 
soils from the top to bottom of a hillslope. A detailed discussion of soil sequences 
(e.g. toposequences, chronosequences, climosequences) is not within the scope of 
this book, but readers are referred to excellent discussions of this topic in Schaetzl 
and Anderson (2005) and White (2006). It is possible, however, to make an analogy 
between the more commonly studied soil sequences and soil sequences where the 
state factor that changes is predominantly the human factor. This type of soil 
sequence, an anthroposequence, has been studied along urban to rural gradients, 
showing changes in several soil properties from the rural-urban fringe to the urban 
core (Pouyat et  al. 1995). In many cases the changes in soil properties along an 
urban-rural gradient represent additions of substances to soils by human activity 
(Figs. 2.2 and 2.3).

The existence of soil sequences along urbanisation gradients means that there is 
effectively a continuum of urban effects related to urbanisation. A question then 
emerges: do truly urban soils exist? The best answer to this question is probably 

Fig. 2.2 An example of a soil anthroposequence shown by gradients in soil properties: (a) lead 
concentration, (b) copper concentration, and (c) available calcium concentration, in relation to 
distance from urban centres (from Pouyat et  al. (2008); used with permission from Springer). 
‘Available calcium’ refers to Ca extracted from soil using dilute acid solutions

A. W. Rate
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provided by soil classification schemes. There are numerous soil classification 
schemes in use, which can be confusing, so we will use examples from the most 
widely used international soil classification system, the International Union of Soil 
Sciences’ ‘World Reference Base for Soil Resources’ (IUSS Working Group WRB 
2014). Soil classification schemes are most often hierarchical; that is, they classify 
soils into broad categories based on diagnostic soil properties such as the existence 
of a certain type of horizon. If we assume that an urban soil must reflect human 
influence on its formation, then two groups of soils in the World Reference Base, 
called Anthrosols or Technosols (IUSS Working Group WRB 2014), are the most 
likely candidates.

Another framework for understanding urban soils is that of Soils of Urban, 
Industrial, Traffic, Mining, and Military Areas (SUITMAs) as proposed by Morel 
and Heinrich (2008). The SUITMA concept considers urban soils together with 
other soils having significant anthropogenic influence on their formation but which 
are not necessarily located in cities.

The Anthrosol soil group mainly relates to the effects of long-term cultivation on 
soil formation. The historical association of urban areas with fertile soils and food 
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production that we covered in Chap. 1 makes it likely that many urban soils are also 
(former) Anthrosols. However, Anthrosols clearly also occur in non-urban environ-
ments, so they are not unique to urban areas. The Technosol soil group is character-
ised by the presence of materials which have been manufactured or relocated by 
humans, so Technosols would therefore seem to more obviously represent urban 
soils. Of course, Technosols are also present in non-urban environments; for exam-
ple, in remote areas, the deep regolith or rock materials (‘spoils’) displaced by min-
ing activities can form the substrate on which a soil develops (Rossiter 2007). 
Consequently, like Anthrosols, Technosols are also not unique to urban environ-
ments. Box 2.2 contains a summary of the criteria used to identify anthropogenic 
soils in different environments, with examples from three soil classification schemes.

The lack of uniqueness of the World Reference Base’s two anthropogenic 
Reference Soil Groups to urban environments does not mean that soil classification 
schemes are inadequate tools for describing or defining urban soils. Another great 
advantage of a soil classification is that it provides a structured conceptual frame-
work for describing and understanding soil properties and soil formation. In the 
World Reference Base, the concepts that help us to understand soils are encapsu-
lated in the principal and supplementary qualifier terms. For example, a ‘garbic 
Technosol’ identifies a soil with ≥20% artefacts in the upper 1 m, with the artefacts 
composed of or containing anthropogenic organic waste materials (i.e. garbage, 
which inspires the term ‘garbic’). The qualifiers can be used to identify human fea-
tures in non-anthropogenic Reference Soil Groups as well; for example, the suffix 
‘transportic’ is used to indicate natural soil material which has been moved (trans-
ported) by humans to another location (for more explanation see Rossiter 2007). 
Similarly, the presence of artefacts below the 20% threshold required for classifica-
tion as a Technosol can be important, so the qualifier ‘technic’ can be appended to 
many of the Reference Soil Groups.

The concepts summarised in soil classifications such as the World Reference 
Base can therefore help us with the identification and description of soil environ-
ments consisting of both natural materials affected by urban phenomena and natural 
processes acting on urban materials. The emphasis, in many soil classifications, on 
horizons as the primary diagnostic criterion (i.e. macroscale phenomena) means 
that more subtle effects may be missed. Even when the classification can be based 
on soil composition rather than a diagnostic horizon, the thresholds imposed by soil 
classification schemes may not allow informative terms to be used within the clas-
sification. For example:

• The World Reference Base requires anthropogenic horizons to be at least 50 cm 
thick for the soil to be an Anthrosol.

• The World Reference Base requires artefacts to comprise ≥20% of soil volume 
for the classification of Technosol to be applied or 10–20% artefacts by volume 
to use the ‘technic’ qualifier.

• The Australian Soil Classification (Isbell 1996) requires additions of anthropo-
genic material ≥30 cm deep or that soil features reflecting natural pedogenesis 
have been erased by human activity, for some suborders of Anthroposols.

A. W. Rate
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In many cases, human modification of soils changes their properties but not to 
the extent that they then meet the requirements for classification as anthropogenic 
soils or even anthropogenic subcategories of natural soils. Such human modifica-
tions, such as additions of new material from construction debris, street dusts, or 
other waste materials, can significantly change the chemical, physical, and biologi-
cal properties of the soil environment (Jim 1998; Lehmann and Stahr 2007; Pouyat 
et al. 2007; Taylor et al. 2010; Wei and Yang 2010; Rate 2018).

2.2  Soil-Related Changes in Urban Geomorphology

Numerous changes are made to landforms in urban areas as cities evolve; many of 
these geomorphological changes create a more convenient environment for urban 
infrastructure such as buildings, roads, and below-ground pipe/cable networks. In 
addition, ‘new’ land suitable for urban use may be generated by reclamation of 
inland water bodies or, especially, on coasts.

2.2.1  Modification of Surface Hydrology

From a hydrological perspective, the changes in geomorphology due to urbanisation 
have been well-documented. Ehrenfeld (2000) reviews the changes in hydrology 
and wetland geomorphology caused by direct modification such as infilling or 
drainage but also from other changes to the urban hydrological environment includ-
ing the following: covering of land surfaces with impermeable layers, stream modi-
fication, and flow regulation. Clearly the infilling of wetland basins (see the example 
in Fig.  2.4) represents a geomorphological change (in land elevation and slope 
modification), and the wetlands themselves change in form due to processes like 
increased erosion (Ehrenfeld 2000). Similarly, Paul and Meyer (2001) review the 
changes to urban stream hydrology and geomorphology; in urban environments, 
stream channels may be filled in or converted to surface or below-ground artificial 
drains (see the example in Fig.  2.5). This removal of natural drainage channels, 
together with large proportions of impervious land surfaces, has profound effects on 
urban hydrology and geomorphology (we will address some of the hydrological 
issues in Chap. 5). The effect of geomorphological changes on urban soils is less 
well documented. Soils developed on landforms created by human activity are 
included within various soil classification schemes (see Box 2.1 above), but there do 
not seem to be any systematic studies of how soil properties are affected, despite the 
known coupling of soil properties with hydrology (e.g. Schaetzl and Anderson 
2005). The relationship between geomorphology and hydrology is not one-sided. 
As described above, changes in geomorphology strongly affect hydrology, and the 
converse is also true: hydrological changes affect geomorphology (i.e. landforms 
and soils), leading to complex feedbacks.
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Fig. 2.4 Infill of lakes and wetlands in the central metropolitan area of Perth, Western Australia 
(−31.951  S, 115.86 E), shown by an overlay of a map from 1838 (State Library of Western 
Australia) on an aerial photograph from 2016 (Mapbox 2019)

Drainage of land, and groundwater extraction, in urban areas is also known to 
have caused land subsidence (Brown and Nicholls 2015), due to reduction of the 
effective stress of groundwater pressure (Galloway and Burbey 2011). Groundwater 
extraction also changes soil chemical properties, because it changes water-filled 
pores into air-filled pores. For example, Salmon et al. (2014) describe formation of 
acid sulphate soils when groundwater levels decreased by ca. 3 m between 2000 and 
2010, resulting in entry of atmospheric oxygen into subsoils and consequent oxida-
tion of sulphide minerals. For an understanding of soils in urban environments, 
then, a knowledge of landform changes that affect hydrology is essential.

2.2.2  Coastal Land Reclamation

Changes in geomorphology caused by human activity also include new landforms 
created by coastal reclamation; not all urban landform changes involve surface seal-
ing and altered drainage. In coastal reclamation, land is ‘reclaimed’ from coastal 
fringing (e.g. saltmarsh), tidal, and even permanently submerged coastal water envi-
ronments. There are two main types of coastal reclamation: (1) excluding marine 
and tidal water from salt-affected coastal land by constructing physical barriers such 
as dykes and installing artificial drainage (Li et al. 2014) and (2) creating new land 
by filling in submerged marine environments with imported soil- or sediment-like 
material (El Banna and Frihy 2009; Semmens et al. 2011).
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From a soil science perspective, the first type of reclamation is most relevant, 
since the resulting soils allowed multiple land uses, including agriculture or horti-
culture. There is a long history of such reclaimed-land soils, which are often called 
‘polders’, from the reclamation of low-lying coastal land in Northeastern Europe 
and South-East Asia. Some partially urbanised examples include Noordoostpolder 
52.72 N, 5.76 E in the Netherlands and the large Bắc Hưng Hải polder near Hanoi 
in Vietnam 21.01 N, 105.90 E. (Coordinates are provided so the locations can be 
viewed in Google Earth or similar software or web mapping service; e.g. in Google 
Earth, remove the non-numeric information and search for ‘52.72, 5.76’). Pons and 
van der Molen (1973) investigated the properties of soils developed within 
1000-year-old polders in the Netherlands. These centuries-old Netherlands polder 
soils have undergone a process of physical, chemical, and biological changes culmi-
nating in formation of distinct soil types at the higher order of soil classification 
schemes (USA), depending on the composition of the original sediment (parent 
material). In many cases, even several centuries of pedogenesis resulted in changes 
mainly in the surface soils, with deeper subsoils remaining similar to the original 
submerged sediments.

Fig. 2.5 Aerial photograph map of Wellington, New Zealand (−41.285 S, 174.775 E), showing 
areas of reclaimed land in former stream valleys (yellow) and harbour margins (pale blue). Base 
map from Mapbox (2019); overlays based on a map in Semmens et al. (2011)
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In many cases, construction of new land by filling in (reclamation type 2; see 
Fig. 2.5) has been performed because there was insufficient space, especially on flat 
land, for building development, so much of the new land area is ultimately occupied 
by infrastructure leaving minimal actual soil exposed at the surface (Jim 1998). 
There would appear to have been very few studies of soils developed from materials 
used to fill in marine or freshwater submerged environments, despite this being a 
common practice worldwide over time frames which are long enough for some 
pedogenic alteration to occur (Brown 1970; Bowler et  al. 1995; Semmens et  al. 
2011). Some examples of infill of submerged harbour or estuarine environments are 
in Perth, Scotland (56.395  N, −3.43  W); Wellington, New Zealand (−41.27  S, 
174.785 E, Fig. 2.5); and Rio de Janeiro, Brazil (−22.895 S, −43.19 W).

2.2.3  Other Built-up Landforms

These include the ‘positive landforms’ of Brown (1970) and various ‘constructional 
anthropogenic landforms’ listed in the USA soil taxonomy (Soil Survey Staff 2014), 
ranging in scale from middens (a few metres) to artificial islands (up to kilometres). 
Some examples of these are discussed separately below.

Archaeological mounds. Large mounds of soil-forming material constructed by 
human activity (intentional or unintentional) are known from early periods in the 
history of humanity. The city of Adria in Northern Italy is the site of a large mound, 
up to 5 m high and 20 ha in areal extent, caused by cumulative additions of urban 
material over an approximately 700-year period (Corrò and Mozzi 2017, 45.052 N, 
12.057 E). Numerous other examples of anthropogenic mounds exist in ancient 
urban or pre-urban areas worldwide, for example, in Amazonia (Roosevelt 2013) 
and the Middle East (Faust and Katz 2015). Not only do these mounds represent 
new parent materials for soil formation, but they also have the potential to modify 
local hydrology.

Waste stockpiles and landfills. Human activities, especially those in urban envi-
ronments, produce large quantities of waste material. Despite efforts to reduce the 
size of waste streams, considerable quantities of waste from cities require disposal 
(Grimm et al. 2008) and are disposed of into landfills or (temporarily) in mounded 
landforms, commonly on land reserved for these purposes (Cherubini et al. 2009). 
Soils forming on these landforms are the urbic, garbic, or spolic Technosols of the 
World Reference Base classification (IUSS Working Group WRB 2014). Figure 2.6 
shows an example of a mounded landfill in an urban industrial zone which has been 
landscaped into public open space. Occasionally, stockpiled material is soil placed 
in temporary mounds during urban development, which is intended to be replaced 
or removed at project completion.

Land-disposed dredge spoils. Material removed by dredging from submerged 
freshwater or marine sediments, or dredge spoil, has historically been disposed of 
onto land (Almeida et al. 2001). Land disposal still occasionally occurs, despite a 
large body of evidence showing that the spoils commonly contain sulphide minerals 
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such as pyrite which oxidise under non-submerged conditions to form acid sulphate 
soils (Morse 1994; Borma et al. 2003; Clark and McConchie 2004). Land disposal 
of dredge spoils can form large elevated landforms; examples include South 
Yunderup, Western Australia (−32.59 S, 115.782 E; see Fig. 2.7). Soils developed 
on dredge spoil are classified as spolic Technosols in the WRB (IUSS Working 
Group WRB 2014) and, specifically, as dredgic Anthroposols in the Australian Soil 
Classification (Isbell and National Committee on Soil and Terrain 2016).

2.2.4  Landforms Modified by Removal of Material

The construction of urban infrastructure commonly requires levelling of land on 
various scales, from creating a flat base for house foundations to much larger-scale 
modifications such as road, railway, and canal cuttings (Fig. 2.8) – or even complete 
removal of hills (Brown 1970) (Fig. 2.9). In addition, the ‘negative landforms’ iden-
tified by Brown (1970) include excavations made for other purposes, such as quar-
ries (Fig.  2.8) or stormwater compensation basins (Appleyard 1993). Numerous 
other excavated landforms are listed in the USA soil taxonomy (Soil Survey Staff 

Fig. 2.6 A landfill mound in the Homebush Bay area (western Sydney, Australia −33.8454 S, 
151.0559 E). (Image date April 2016; used with permission from funambulator (2016))
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Fig. 2.7 South Yunderup, Western Australia (−32.59  S, 115.782 E), showing a large area of 
dredge spoil in the foreground (with diagonal fill pattern) which has acidified due to the oxidation 
of pyrite and other sulphide minerals contained in the original estuarine sediment. (Photograph by 
Chris Yanicki (2017), used with permission)

2014), in which they are called ‘destructional anthropogenic landforms’. Like the 
positive anthropogenic landforms described in Sect. 2.2.3, excavations will affect 
local hydrology, and there is the potential for new soils to form on excavated sur-
faces. Such soils are not considered explicitly in the World Reference Base classifi-
cation but would be considered scalpic Anthroposols in the Australian system (Isbell 
and National Committee on Soil and Terrain 2016) (Box 2.1).

Fig. 2.8 (a) A large road cutting in Tongwynlais in South Wales (51.533 N, −3.253 W) in 1971 
(public domain image from Gillham 2017); (b) Pak Shing Kok quarry landform in urban Hong 
Kong (22.308 N, 114.271 E). (Public domain image from 2008 by Martin Ng)
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2.3  Characteristics of Urban and Anthropogenic Soils

It would be practically impossible to describe all the possible variations of urban 
soils. This section will discuss common features of soils in urban environments, 
with specific examples of soils in some important urban contexts.

2.3.1  Urban Soils with Minimal Modification

It is difficult, if not impossible, to identify soils in urbanised areas which have no 
changes resulting from human activity. Recognition of minimally modified soils is, 
however, important in the context of understanding the various impacts on urban 
soils. For example, in some regulatory frameworks (e.g. National Environment 
Protection Council 2013), background concentrations of potential contaminants are 
required for a full assessment of their potential environmental impacts. In many 
urban areas, soils having negligible human modification are rare but may exist in 
nature reserves or on undeveloped peri-urban land. These soils would not be defined 
as anthropogenic soils and may still contain traces of anthropogenic materials if 
deposition of airborne dusts or aerosols is locally significant.

Fig. 2.9 Landscape truncation by complete removal of ‘Denny Hill’ in Seattle, USA (47.61 N, 
122.33  W), in approximately 1910; public domain image by Shakespeare at https://commons.
wikimedia.org/w/index.php?curid=16477653
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2.3.2  Distinctive Properties of Soils in Urban Environments

We will deal with many of the soil properties encountered in urban environments in 
later chapters and in the sections below, but we should be aware of them at this stage 
as well.

Some of the diagnostic properties of Anthrosols and Technosols, which include 
many urban soils, are presented in Box 2.2: relatively high artefact content (‘arte-
facts’ can be imported soil-like material), geomembranes or industrial hard layers, 
rubble/refuse, industrial waste, organic waste, deep enrichment with organic matter 
and/or nutrients, and so on. These ‘classification-based’ properties encompass prop-
erties such as impermeable surface cover and many of the consequences of modify-
ing urban geomorphology.

As mentioned, however, many of the characteristics of urban soils relate to addi-
tion of material below the thresholds required for soil classifications – for example, 
the threshold for artefacts in a Technosol is quite high, at 20% by volume. Of the 
numerous human additions, the most troubling are of contaminants, the very wide 
range of substances that, directly or indirectly, can have adverse effects on organ-
isms including humans. These substances include nutrients (N, P, etc.), trace ele-
ments, asbestos, radionuclides, (micro)plastics, manufactured nanoparticles, and 
other inorganic contaminants like cyanide (see Chap. 6). Organic contaminants are 
also of great concern, including hydrocarbons, chlorinated organic compounds, pes-
ticides, endocrine disrupting chemicals, various pharmaceuticals, and many more 
(see Chap. 7).

Biological contamination is also possible; urban activities may introduce patho-
gens into soils, and it is in the biology of soils that concerning declines may be 
observed rather than additions, in the form of individual species decline or loss of 
biodiversity. Chapter 8 discusses the biological properties which are relevant in 
urban soil environments.

2.3.3  Coastal Reclaimed Soils

The formation and properties of polder soils have been reviewed by Li et al. (2014), 
who use the term ‘coastal reclaimed soils’. Some consistent properties are observed 
for coastal reclaimed soils; they tend to be wet soils, with finer texture and better 
structure than the original sediments. Chemical soil fertility generally improves 
with time since reclamation of coastal soils, as soil organic matter accumulates; a 
major constraint to their use in plant production is the residual salinity from their 
tidal or marine origins, with formation of acid sulphate soils occurring if the parent 
sediments contained pyrite or other sulphide minerals. In general, more favourable 
soil properties were established in coastal reclaimed soils in South-East Asia than in 
North America or Europe (Li et al. 2014).
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2.3.4  Soils on Landfills

Soils developed on landfill materials would fall within the garbic or spolic Technosol 
classifications of the WRB (IUSS Working Group WRB 2014). Landfills are com-
monly constructed with an overlying clean soil material, however; depending on the 
depth of surface fill, non-anthropogenic soil groups or orders may be more relevant. 
The type of waste material (e.g. construction waste, organic wastes, or mixtures of 
different waste types) disposed of in the landfill structure affects the subsequent 
soil-forming processes.

Early soil development on landfill materials has been shown to be associated 
with compaction, as the newly deposited waste and cover materials settle, increas-
ing the density and reducing porosity and maximum water storage (Tifafi et  al. 
2017). Settling on landfills containing organic waste may also reflect decreases in 
volume due to decomposition of putrescible organic waste material (Oakley and 
Jimenez 2012). The land elevation may also decrease due to the mass of overlying 
landfill compacting the underlying soil or sediment (El-Fadel and Khoury 2000).

One of the almost universal properties of landfills is that they contain contami-
nants; the actual contaminants present depend on the types of waste that have been 
disposed of. Soils that develop on landfills may also therefore be contaminated, 
depending on the properties and thickness of the clean cover material. The types of 
contaminants present in landfills are extremely diverse and include metals, excess 
nutrients, hydrocarbons, volatile organic compounds, pesticides, pathogens and 
other microorganisms, microplastics, and asbestos (Department of Environment 
and Conservation 2009; Plant et al. 2014). The details of contaminant behaviour in 
urban soils will be discussed from a chemical perspective in Chaps. 6 and 7 and in 
the context of soil biology in Chap. 8.

Landfills used to dispose of organic wastes commonly generate methane, as a 
product of anoxic decomposition of organic matter. The methane is emitted from the 
surface soil layers, regardless of whether clean soil overlies waste material (Blume 
1989). Methane is a greenhouse gas (Bellucci et  al. 2012) and also represents a 
safety or health hazard due to its flammability or if landfill gas enters closed build-
ings with poor air exchange (US EPA 2017).

2.3.5  Soils on Dredge Spoils and Coastal Acid Sulphate Soils

Soils developed on dredged materials are included in the categories of spolic 
Technosols in the World Reference Base (IUSS Working Group WRB 2014) or 
dredgic Anthroposols in the Australian Soil Classification (Isbell and National 
Committee on Soil and Terrain 2016). Coastal acid sulphate soils (CASS) devel-
oped from land drainage are not necessarily categorised as anthropogenic soils, 
being classified instead in other soil groups such as gleysols in the WRB or hydro-
sols in Australia.

A. W. Rate

https://doi.org/10.1007/978-3-030-87316-5_6
https://doi.org/10.1007/978-3-030-87316-5_7
https://doi.org/10.1007/978-3-030-87316-5_8


35

In urban and other environments, drainage of coastal soils is common (Brady 
1974). The formation of acid sulphate soils from drainage of coastal soils or land 
disposal of dredge spoils is a well-known phenomenon (Morse 1994; Dent and Pons 
1995). The acidification process is commonly associated with increased mobility 
and potential bioavailability of iron, aluminium, sulphur, and trace elements, includ-
ing potentially toxic metals and metalloids such as As, Cd, Co, Cr, Cu, Mn, Mo, Ni, 
Pb, and Zn (e.g. Sohlenius and Öborn 2004). The metal(loid) contaminants released 
by acid sulphate oxidation may then be lost from the soil system and enter other 
environments such as water and aquatic sediments (Huerta-Diaz et al. 1993; Gröger 
et al. 2011). Chapter 6 will address the geochemical processes and properties in acid 
sulphate soils in more detail.

Acidification of estuarine soils to form acid sulphate soils creates a soil environ-
ment that is not conducive to plant growth, due to toxicity of aluminium and other 
ions released under acidic conditions. The lack of plant cover on the soil surface 
commonly results in the generation of dust end export of potentially contaminated 
soil material into the atmosphere and other environments (Ljung et al. 2010). In 
addition, the salinity of acid sulphate environments, related to the estuarine or 
marine origin of the original sediments and to the production of soluble salts during 
acid sulphate oxidation, also suppresses plant growth (Fanning 1990).

2.3.6  Soil-Like Materials

Natural and constructed wetlands. Water bodies which are relatively shallow over-
lie sediments or wetland soils, which have many of the characteristics of upland 
soils. Wetlands of various types, including shallow and/or seasonal water bodies, 
are present in many urban environments worldwide. A key feature of wetland soils 
is their different oxidation-reduction chemistry, driven by the restriction of oxygen 
supply in water-filled pores and the consumption of oxygen and other electron 
acceptors by microorganisms (Gambrell 1994). The wet conditions promote storage 
rather than decomposition of organic matter, so that wetlands may be important for 
carbon storage in urban environments (Pouyat et al. 2006; Vepraskas and Vaughan 
2016). The other main differences in wetland soils are related to changes in the form 
of iron, such that the reduced form (Fe2+) predominates (giving paler ‘gleyed’ 
colours), and, if the supply of sulphur (e.g. as atmospheric sulphate) is great enough, 
accumulation of sulphides (mineral phases containing S2− or S2

2− ) (Vepraskas et al. 
2016). The sulphide phases formed under anoxic conditions incorporate trace ele-
ments along with iron, and so wetland soils can accumulate trace element contami-
nants in immobile forms. In constructed wetlands and infiltration basins, the soils 
most likely develop into subaquatic Technosols, according to the IUSS World 
Reference Base classification (IUSS Working Group WRB 2014).

Many urban wetlands have been drained and/or infilled during development. The 
wetland sediments may persist in drained conditions or beneath the imported fill 
materials, with associated risks of acid sulphate soil development, especially if the 
local hydrology changes towards drier conditions.
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Infiltration basin sediments. Stormwater drainage networks are important infra-
structure in urban environments and are very necessary due to the generally high 
proportion of impermeable surface cover which increases run-off. The constrained 
channels of stormwater drains (particularly open drains), however, have the poten-
tial to increase the risk of flooding. A flood control measure that can be applied is 
the inclusion of infiltration basins – high-volume sections of drains which are typi-
cally much deeper and wider than the drain itself – along the lines of stormwater 
drainage. Also called compensating basins or detention basins, these are designed to 
fill with storm water during flood events and thereby reduce the risk of flooding; an 
additional benefit is groundwater recharge while water exists above the base level of 
the infiltration basin.

The sediments in infiltration basins may be actual soils (e.g. public open space in 
natural landscape depressions), deliberately excavated basins, or natural lakes/
ponds included in the stormwater drainage network. If permanently or seasonally 
submerged, they bear many of the properties of soils in natural and constructed 
wetlands. In some cases where the infiltration basin is dry for most of the year (e.g. 
empty basins in sandy soils with buried pipework to carry base flow), they may most 
resemble upland soils.

Green roofs. The use of roof spaces on urban buildings to create ‘green roofs’ 
(Fig. 2.10) is a practice which is increasing in frequency, since it offers benefits to 
the urban environment such as cooling through shading and evapotranspiration, or 
acting as storm water buffers. A green roof typically has an imported, constructed 
soil substrate composed of the following (from the surface to deeper layers): 
optional mulch, soil-like growing medium, filter membrane, drainage layer, water-
proof/root-excluding membrane, thermal insulation, vapour control, and structural 
roof support. In the world reference base classification, they are included in isolatic 
Technosols (IUSS Working Group WRB 2014). Few studies have explicitly consid-
ered ongoing formation processes in soil materials on green roofs, probably as their 
installation in contemporary cities is a recent phenomenon, so there is not yet a 
consensus on soil-forming pathways. Bouzouidja et al. (2018) show that the proper-
ties of soils on green roofs evolve relatively rapidly with time. Over a 4-year period, 
concurrent with development of the vegetation, eluviation of fine particles, increases 

Fig. 2.10 (a) Layers in a typical manufactured green roof construction; (b) aerial view of green 
roofs in Singapore. (Public domain image by chuttersnap on unsplash.com/photos/IfmqOuOkaOA)
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Fig. 2.11 Accumulation of road dust and other debris in an urban environment in Perth, Western 
Australia. If left undisturbed, such deposits provide incipient parent materials for soil and associ-
ated organisms. (Photograph by Andrew W. Rate; entire ruler for scale is 15.8 cm long)

in macro- and microporosity (at the expense of mesopores), decrease in organic 
carbon content, and increase in nitrogen content, all occurred. In contrast, Schrader 
and Böning (2006) measured greater organic carbon and N contents, but lower pH, 
in the soil of older (compared with younger) green roofs. Regardless of constructed 
or ongoing soil formation, however, a green roof environment would need continu-
ing intensive management to preserve ecosystem functions.

Street dusts. Dust accumulating on impervious urban surfaces (Fig. 2.11) is nor-
mally transient but may persist for long enough in some microenvironments that 
plants can establish on dust accumulations. The source of the dust may in fact be 
soil particles which become resuspended in air by wind (De Miguel et al. 1997). 
Dusts from within urban environments or from remote sources are also known to 
represent pedogenetic additions to urban soils. To our knowledge, researchers have 
not yet investigated pedogenesis where the main parent material is any type of 
urban dust.

2.4  Archaeological Features of Urban Soils

The soils and landforms of cities contain clues to their history; cities remain in one 
place for a long time, and humans leave behind many traces of their habitation 
which accumulate over time. These clues may take the form of evidence of past 
landscape modification by humans, physical soil components such as anthropogenic 
artefacts, chemical signatures such as accumulation of nutrients or contaminants, or 
particular microfossils related to human modification of ecosystems. In some case 
the archaeological heritage in cities is of great cultural and historical value and takes 
precedence over urban development. For example, ‘rescue archaeology’, the 
retrieval of artefacts accidentally excavated during development construction, was 
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common in many municipalities until urban planning procedures began considering 
archaeological issues explicitly.

2.4.1  Archaeological Anthropogenic Landforms

Cities evolve most obviously by changes in lateral extent, usually to cover more 
land area (see Chap. 1), but urban development may also involve creation or destruc-
tion of landforms (see Sect. 2.2 above), which cause vertical changes in urban land-
scapes. For example, Faust and Katz (2015) studied the Bronze to early Iron Age 
urbanisation of Tel ‘Eton in contemporary Israel, showing from archaeological 
strata on a large mound landform that multiple phases of urbanisation had occurred 
from ca. 2000 to 300 BC. Corrò and Mozzi (2017) analysed buried urban strata and 
showed a history of elevation change in Adria, Italy, dating back to the sixth century 
BC. In contrast, the presence of archaeological artefacts can help to constrain a time 
frame for natural soil- or landscape-forming events (see Völkel et al. 2012).

As discussed in Chap. 1, the location of ancient settlements is also related to 
geomorphology and the quality of soils. The location of the ancient Tel ‘Eton city is 
thought to reflect both its proximity to fertile alluvial soils and geomorphologically 
controlled transport and trade routes (Faust and Katz 2015).

2.4.2  The Soil ‘Cultural Layer’

The concept of a cultural layer in soils, an anthropogenic soil horizon which con-
tains artefacts derived from human occupation and disposal of materials, has been 
used in the context of stratigraphic excavation in archaeology since the early twen-
tieth century (Browman and Givens 1996). Cultural layers are commonly found in 
urban soils, commonly as anthropogenic horizon(s) superimposed above natural 
soils. The underlying natural soils are sometimes truncated (their upper layers 
removed) by excavation or erosion. Alexandrovskaya and Alexandrovskiy (2000) 
describe cultural layers from the fifteenth century and younger in the city of Moscow, 
Russia, which are typically 2–5 m and can be up to 20 m deep. Naturally, such large 
volumes of soil material derived from human activities contain many artefacts such 
as construction and food wastes, metal and ceramic objects, remains of cooking 
fires, and so on. Organic materials can be preserved in the anoxic conditions created 
by saturation of soil. Both Alexandrovskaya and Alexandrovskiy (2000) and Zhang 
et al. (2005) in urban soils of Nanjing, China, also found urban soil cultural layers 
to be enriched in organic matter, nutrients, and metals. The soil cultural layers in 
Nanjing spanned five Chinese dynasties across 2–6 m of anthropogenic horizons 
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Fig. 2.12 Schematic of an idealised series of superimposed soil cultural layers. Different artefacts 
(anthropogenic and biological) are found in each layer depending on its age. (Graphic by  
Andrew W. Rate)

and had greater concentrations of Cu, Pb, and Zn than the underlying ‘background’ 
soils, similar to the Moscow soils which had also become enriched in arsenic since 
the seventeenth century. In general, we would expect to find different artefacts, 
microfossils, and chemical composition in soil cultural layers of different ages, and 
this is shown in idealised form in Fig. 2.12.

Evidence of patterns of human habitation and activities has also been deduced 
from much thinner soil layers. For example, information on human activities in 
ancient urban structures in both Songo Mnara in Tanzania (fourteenth to sixteenth 
centuries, Sulas and Madella 2012) and Brussels, Belgium (twelfth to eighteenth 
centuries, Devos et al. 2013), was obtained using soil micromorphology, with both 
chemical analyses and identification of phytoliths. In both of these studies, soil lay-
ers or features on the millimetre scale or smaller were identified, such as the coat-
ings around larger soil grains, and the artefacts were the phytoliths of plant species 
cultivated by humans. Similar information can be generated by analysis of other 
microfossils in soils, such as pollen grains, or diatoms which can indicate the use of 
irrigation (Sánchez-Pérez et al. 2013) (Table 2.1).
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2.4.3  Archaeological Information from Major Elements

Enrichment of urban soils with major elements (i.e. the more common chemical 
elements in the Earth’s crust or in biological systems, such as C, N, P, K, S, Ca, or 
Fe) is a common phenomenon, since there are many human activities which can 
lead to increases in concentrations. Waste disposal sites such as food waste middens 
result in enrichment of soil with carbon, phosphorus, and calcium (from artefacts 
such as shells and bones; see Fig. 2.13); similar enrichments have been attributed to 
the use of manures as fertilisers (Entwistle et  al. 1998; Davidson et  al. 2006; 
Sánchez-Pérez et al. 2013). Greater concentrations of calcium and associated ele-
ments may also be associated with the previous locations of hearths or cooking fires 
(Wilson et al. 2005). Human burial sites may also become enriched in major ele-
ments such as phosphorus (Pickering et  al. 2018) or calcium (Ottaway and 
Matthews 1988).

Table 2.1 Types of archaeological information available from analysis of urban soils

Target of analysis
Soil material 
analysed Information obtained Reference(s)

Artefact content Cultural layers Age of urban habitation; 
types of human activities

Alexandrovskaya and 
Alexandrovskiy (2000)

Organic carbon 
content

Soil profile Location of cultural 
layer; land use; activities 
in and around buildings, 
etc.

Lehmann et al. (2003) and 
Mazurek et al. (2016)

Nutrient (esp. P) 
content

Soil profile, 
surface soil

Type and location of 
human activities (e.g. 
cooking)

Alexandrovskaya and 
Alexandrovskiy (2000), Wells 
et al. (2000), and Mazurek 
et al. (2016)

Other major 
elements

Soil profile, 
surface soil

Type and location of 
human activities (e.g. 
fireplaces, buildings, 
roads)

Wilson et al. (2005)

Trace elements Soil profile, 
surface soil

Type and location of 
human activities (e.g. 
smelting); provenance of 
artefacts

Wilson et al. (2005, 2007), 
Hellemans et al. (2014), and 
Sylvester et al. (2017)

Organic 
compounds

Cultural layers, 
soil profile, 
grave sites

Individual human 
behaviour and activities 
(e.g. diet, health); soil 
redox conditions

Pickering et al. (2018)

Phytoliths Cultural layers, 
soil profile

Diet Vuorela et al. (1996)

Other 
microfossils: 
pollen, diatoms, 
ostracods

Cultural layers, 
soil profile, 
lake sediments

Sedimentary history, 
irrigation, erosion, diet

Vuorela and Hiekkanen 
(1991), Shen et al. (2006), and 
Fleury et al. (2014)
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Fig. 2.13 Distributions of phosphate (left) and organic fatty acids (right) in soil materials on the 
former floor of Donoratico medieval castle in Central Tuscany, Italy. (From Middleton et al. 2010 
and used with permission from Springer)

2.4.4  Archaeological Information from Trace Elements

The concentrations, and depth-wise and spatial distributions, of trace elements in 
urban soils can provide substantial information on (pre)historical human behaviour 
and activities. Ottaway and Matthews (1988) found that different trace elements 
were enriched (relative to the underlying unaffected soil) in different patterns in a 
soil profile, depending on the age of the anthropogenic stratum sampled (see also 
Fig. 2.14). They were able to relate enrichment of trace elements to the period of 
occupation: for example, early Neolithic samples (ca. 7000 years old) showed mini-
mal enrichment, whereas late Neolithic and Eneolithic samples (5000–5500 years 
old) showed enrichment of Cu and Zn. Enriched strontium (Sr) was related to the 
period of human occupation in general, with greater Sr concentrations in more 
recent medieval samples (Ottaway and Matthews 1988).

Trace element concentrations, especially of multiple elements, can also yield 
information about the function of different areas at archaeological sites. Wilson 
et al. (2005) showed that the concentrations of Ba, Cu, Sr, and Zn in surface soils 
could be used to discriminate areas such as fields, gardens, middens, byres, houses, 
and hearths. The Roman urbanisation of Calleva Atrebatum in Hampshire, UK (first 
century BC to fifth century AD), was studied by Sylvester et al. (2018), who showed 
that the entire historical city area was enriched in multiple elements, particularly 
gold and silver, relative to background soils. Localised high values of individual 
element concentrations or multi-element indices at Calleva Atrebatum were attrib-
uted to metal extraction activities such as smelting and cupellation. In a more recent 
context, Rate (2018) used multi-element signatures to delineate zones on an urban 
site which related spatially and logically to nineteenth- and twentieth-century land 
uses or contamination sources such as market gardening, dumping of glass waste, 
road traffic, and stormwater drainage.

2 Formation and Properties of Urban Soils
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The trace element signatures (comprising the concentrations of a suite of ele-
ments by which materials can be discriminated) of some anthropogenic items can 
yield information on the origins of these artefacts found in cultural layers of urban 
soils and therefore to infer patterns of commerce or migration (Hellemans 
et al. 2014).

2.4.5  Archaeological Information from Other 
Chemical Substances

More recently, organic chemical signatures have been used as archaeological trac-
ers. For example, various organic fatty acids (see Fig. 2.13) have the potential to 
provide information about food residues, manures, or sacrificial rituals and distin-
guish location based on these activities or materials (Middleton et al. 2010). In addi-
tion, Zou et  al. (2010) found that (1) polycyclic aromatic hydrocarbons (PAHs) 
could be used to indicate the presence and location of ancient fires; (2) PAH-like 
biomarkers such as the terpenoid organic compounds, cadalene and simonellite, 
were indicators of natural plant communities.

Fig. 2.14 Depth profile of soil lead (Pb) concentrations at Calleva Atrebatum in Hampshire, UK, 
which was occupied from the first century BC to the fifth century AD. (From Sylvester 2017, based 
on original work by Dr Chris Speed at the University of Reading)

A. W. Rate



43

2.4.6  Archaeological Information 
from Geophysical Techniques

The most widely used geophysical techniques for characterising surface soils are 
electrical conductivity/resistivity-based techniques, measurement of variations 
in  local magnetic field (magnetometry), and ground-penetrating radar (Herz and 
Garrison 1998). Such techniques, with appropriate signal processing and numerical 
analysis, provide potentially powerful tools for assessing subsurface soil environ-
ments in a non-invasive and non-destructive manner.

Magnetic measurements are possibly the most commonly used geophysical 
method in archaeology: for example, Boschi (2012) described the use of magnetic 
gradiometry (i.e. measurements of magnetic field gradient) to delineate various 
buildings in the fifth-century AD town of Classe in Northeast Italy (44.395  N, 
12.219 E). Similarly, Cella and Fedi (2015 #160; see Fig.  2.15) used derivative 
magnetic gradiometry to obtain details of the buried ruins of buildings at the Torre 
Galli archaeological site in Calabria, Southern Italy (38.641 N, 15.939 E). Magnetic 
susceptibility measurements have also provided archaeological information 
(Fleisher and Sulas 2015).

The ability of subsurface layers to conduct (or resist) an electrical current has 
also been used to provide archaeological information. The simplest implementation 
is using an electromagnetic induction device which measures bulk soil electrical 
conductivity (Benech and Marmet 1999). More detailed archaeological data can be 

Fig. 2.15 An example of the use of soil magnetic measurements for geoarchaeology, from Cella 
and Fedi (2015). The large oblique rectangle on the map shows a mathematically processed mag-
netic field gradient of the soil, which is used to infer the historical location of walls of dwellings. 
(Used with permission from Springer)

2 Formation and Properties of Urban Soils
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acquired using electrical resistance tomography to create 2D or 3D images of the 
subsurface (De Giorgi and Leucci 2017).

Two- and three-dimensional images of subsurface archaeological structures can 
also be obtained using ground-penetrating radar (GPR). For example, Millaire and 
Eastaugh (2014) used GPR successfully to delineate walls and other structures in 
three dimensions (to a depth of 40 cm) in the pre-Hispanic city of Gallinazo, Peru 
(100 BC–AD 700).

2.4.7  Archaeological Information from Soil 
Microbial Properties

The microbial properties of soil such as microbial biomass, fungal biomass, and 
respiration rate have been found to vary between locations having historical human 
modification (Bronze Age; sixteenth to tenth century BC) and reference sites and 
within ancient anthropogenic soils themselves (Peters et  al. 2014). Using more 
advanced DNA-based, phospholipid fatty acid profiling and substrate-based diver-
sity techniques, Margesin et al. (2017) studied soils at Monte Iato in Western Sicily 
(occupied during the eighth to sixth centuries BC). The microbial analyses of the 
Monte Iato soils showed that the soil microbial community varied between anthro-
pogenically modified soils in terms of both functional, physiological, and genetic 
diversity.

2.5  Additional Reading

Amundson R, Jenny H (1991) The place of humans in the state factor theory of 
ecosystems and their soils. Soil Sci. , 151:99–109

Kaye JP, Groffman PM, Grimm NB, Baker LA, Pouyat RV (2006) A distinct urban 
biogeochemistry? Trends Ecol Evol 21:192–199

Morel JL, Heinrich AB, (2008) SUITMA-soils in urban, industrial, traffic, mining 
and military areas: an interdisciplinary working group of the ‘International 
Union of Soil Science’ (IUSS) dedicated to soils strongly modified by human 
activities. J Soils Sediments 8:206–207

2.6  Summary

• The processes of soil formation are similar for urban soils and non-urban soils. 
Both can be described by a combination of a state factor model and a soil fluxes 
approach. In urban soil environments, however, we can define soil anthropose-
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quences (or urbanisation gradients), where the state factor that changes is pre-
dominantly the human factor.

• Soil classification provides a structured conceptual framework for describing 
and understanding soil properties and soil formation. Soil classification schemes 
such as the World Reference Base include specific categories for soils modified 
by humans, which include urban soils. The most relevant broad category is that 
of the Technosols, soils which contain materials which have been manufactured 
or relocated by humans, such as impermeable surfaces, various waste materials, 
or geomembranes.

• The landforms in urban environments have been modified profoundly by human 
activity since ancient times. Wetlands, valleys, and even near-shore marine envi-
ronments have been filled in to flatten or extend usable land. Streams and rivers 
have been straightened or forced into artificial channels, even underground, and 
land may subside due to groundwater extraction. Mounds have been created to 
store wastes, move solid-earth material to different locations, or have grown as 
successive layers of urbanisation are built superimposed on one another. 
Conversely, elevated landforms such as hills have been cut through for transpor-
tation routes or even removed completely.

• Urban soils differ from non-urban soils when there have been substantial land-
form or land cover changes or when significant amounts of various materials and 
substances have been added. Some specific examples of distinctive soils which 
have been modified by humans and which occur in urban environments include 
reclaimed coastal soils, soils on landfills, and acid sulphate soils. Urban environ-
ments may require a widening of our usual concepts of soils to include wetland 
and drainage basin soils, green roofs, and soils developed from anthropo-
genic dusts.

• In an archaeological context, we can identify a cultural layer in many urban 
soils, an anthropogenic soil horizon which contains artefacts derived from human 
occupation and disposal of materials. The superposition of multiple cultural lay-
ers can be derived from separate phases of historical urban development. Soil 
cultural layers are also commonly enriched in carbon, nutrient elements such as 
phosphorus, and various organic marker compounds, from use and disposal of 
organic materials such as foodstuffs and manures. Urban soils may also become 
enriched in trace elements from early times, reflecting extraction and use of met-
als and associated elements. The physical presence of artefacts and building 
ruins in soils can be ascertained using a range of geophysical techniques. Finally, 
the chemical and physical changes due to human activity can be reflected in 
changes in soil microbial abundance and diversity.
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2.7  Questions

2.7.1  Checking Your Understanding

 1. What are the parameters in the state factor ‘c-l-o-r-p-t’ equation, and how does 
each one affect the material fluxes in, and therefore the properties of, soils? 
Which parameters are affected by urbanisation?

 2. What would be the requirements for a landscape transect over which to measure 
soil properties on an anthroposequence?

 3. How would we determine if a particular urban soil was a Technosol? What are 
the various subcategories of Technosols?

 4. Choose an urban geomorphological change (e.g. valley filling, redirection of 
drainage networks, or large-scale excavation) and summarise the effects you 
would expect the changed landforms to have on the resulting soils.

 5. Make a table which lists the type of changes we see in urban environments in 
separate rows in the first column, with biological, chemical, and physical effects 
on soils identified in the next three columns for each type of change.

 6. How could we use archaeological soil information to determine layers of differ-
ent ages (e.g. differentiating pre-industrial from post-industrial and distinguish-
ing pre-urban from urbanised)?

2.7.2  Thinking About the Issues

 7. Is an anthroposequence a useful way of thinking about urban soils, in the same 
way as a more traditional toposequence or chronosequence? If so, why or, if not, 
why not?

 8. As well as acid sulphate soils forming in excavated dredge spoils and on drained 
coastal land, what other urban practices might result in the formation of acid 
sulphate soils?

 9. What processes or events might confuse, mask, or erase archaeological informa-
tion in urban soils?

2.7.3  Contemplating Urban Soils Creatively

 10. If we were able to travel forward through time for 5000 years, what might we 
find in our urban soils?

A. W. Rate



47

References

Alexandrovskaya EI, Alexandrovskiy AL (2000) History of the cultural layer in Moscow and 
accumulation of anthropogenic substances in it. Catena 41:249–259. https://doi.org/10.1016/
S0341- 8162(00)00107- 7

Almeida MSS, Borma LS, Barbosa MC (2001) Land disposal of river and lagoon dredged sedi-
ments. Eng Geol 60:21–30. https://doi.org/10.1016/S0013- 7952(00)00085- 5

Amundson R, Jenny H (1991) The place of humans in the state factor theory of ecosystems and 
their soils. Soil Sci 151:99–109. https://doi.org/10.1097/00010694- 199101000- 00012

Appleyard SJ (1993) Impact of stormwater infiltration basins on groundwater quality, Perth metro-
politan region, Western Australia. Environ Geol 21:227–236

Bellucci F, Bogner JE, Sturchio NC (2012) Greenhouse gas emissions at the urban scale. Elements 
8:445–450. https://doi.org/10.2113/gselements.8.6.445

Benech C, Marmet E (1999) Optimum depth of investigation and conductivity response rejec-
tion of the different electromagnetic devices measuring apparent magnetic susceptibil-
ity. Archaeol Prospect 6:31–45. https://doi.org/10.1002/(sici)1099- 0763(199903)6:1<31::
aid- arp112>3.0.co;2- n

Blume HP (1989) Classification of soils in urban agglomerations. Catena 16:269–275. https://doi.
org/10.1016/0341- 8162(89)90013- 1

Borma LD, Ehrlich M, Barbosa MC (2003) Acidification and release of heavy metals in dredged 
sediments. Can Geotech J 40:1154–1163

Boschi F (2012) Magnetic prospecting for the archaeology of Classe (Ravenna). Archaeol Prospect 
19:219–227. https://doi.org/10.1002/arp.1430

Bouzouidja R, Rousseau G, Galzin V, Claverie R, Lacroix D, Séré G (2018) Green roof ageing 
or Isolatic Technosol’s pedogenesis? J Soils Sediments 18:418–425. https://doi.org/10.1007/
s11368- 016- 1513- 3

Bowler D, Cachart R, Cheer P, Cox A, Smith C (1995) Tay Street, Perth: the excavation of an early 
harbour site. Proc Soc Antiqu Scotl 124:467–489

Brady NC (1974) The nature and properties of soils. Macmillan, New York
Browman DL, Givens DR (1996) Stratigraphic excavation: the first “new archaeology”. Am 

Anthropol 98:80–95. www.jstor.org/stable/682955
Brown EH (1970) Man shapes the earth. Geogr J 136:74–85. https://doi.org/10.2307/1795683
Brown S, Nicholls RJ (2015) Subsidence and human influences in mega deltas: the case of the 

Ganges–Brahmaputra–Meghna. Sci Total Environ 527-528:362–374. https://doi.org/10.1016/j.
scitotenv.2015.04.124

Cella F, Fedi M (2015) High-resolution geophysical 3D imaging for archaeology by magnetic 
and EM data: the case of the iron age settlement of Torre Galli, Southern Italy. Surv Geophys 
36:831–850. https://doi.org/10.1007/s10712- 015- 9341- 3

Cherubini F, Bargigli S, Ulgiati S (2009) Life cycle assessment (LCA) of waste management 
strategies: landfilling, sorting plant and incineration. Energy 34:2116–2123. https://doi.
org/10.1016/j.energy.2008.08.023

Clark MW, McConchie DM (2004) Development of acid sulfate soil in sub-aerially disposed 
dredge spoil at Fisherman Islands, Brisbane, Australia. Aust J Soil Res 42:553–567

Corrò E, Mozzi P (2017) Water matters. Geoarchaeology of the city of Adria and palaeohydro-
graphic variations (Po Delta, Northern Italy). J Archaeol Sci Rep 15:482–491. https://doi.
org/10.1016/j.jasrep.2016.08.001

Davidson DA, Dercon G, Stewart M, Watson F (2006) The legacy of past urban waste disposal on 
local soils. J Archaeol Sci 33:778–783. https://doi.org/10.1016/j.jas.2005.10.017

De Giorgi L, Leucci G (2017) The archaeological site of Sagalassos (Turkey): exploring the mys-
teries of the invisible layers using geophysical methods. Explor Geophys 49:751–761. https://
doi.org/10.1071/EG16154

2 Formation and Properties of Urban Soils

https://doi.org/10.1016/S0341-8162(00)00107-7
https://doi.org/10.1016/S0341-8162(00)00107-7
https://doi.org/10.1016/S0013-7952(00)00085-5
https://doi.org/10.1097/00010694-199101000-00012
https://doi.org/10.2113/gselements.8.6.445
https://doi.org/10.1002/(sici)1099-0763(199903)6:1<31::aid-arp112>3.0.co;2-n
https://doi.org/10.1002/(sici)1099-0763(199903)6:1<31::aid-arp112>3.0.co;2-n
https://doi.org/10.1016/0341-8162(89)90013-1
https://doi.org/10.1016/0341-8162(89)90013-1
https://doi.org/10.1002/arp.1430
https://doi.org/10.1007/s11368-016-1513-3
https://doi.org/10.1007/s11368-016-1513-3
http://www.jstor.org/stable/682955
https://doi.org/10.2307/1795683
https://doi.org/10.1016/j.scitotenv.2015.04.124
https://doi.org/10.1016/j.scitotenv.2015.04.124
https://doi.org/10.1007/s10712-015-9341-3
https://doi.org/10.1016/j.energy.2008.08.023
https://doi.org/10.1016/j.energy.2008.08.023
https://doi.org/10.1016/j.jasrep.2016.08.001
https://doi.org/10.1016/j.jasrep.2016.08.001
https://doi.org/10.1016/j.jas.2005.10.017
https://doi.org/10.1071/EG16154
https://doi.org/10.1071/EG16154


48

De Miguel E, Llamas JF, Chacón E, Berg T, Larssen S, Røyset O, Vadset M (1997) Origin and 
patterns of distribution of trace elements in street dust: unleaded petrol and urban lead. Atmos 
Environ 31:2733–2740

Dent DL, Pons LJ (1995) A world perspective on acid sulphate soils. Geoderma 67:263–276
Department of Environment and Conservation (2009) Landfill waste classification and waste defi-

nitions 1996 (as amended December 2009). Government of Western Australia, Perth
Devos Y, Nicosia C, Vrydaghs L, Modrie S (2013) Studying urban stratigraphy: Dark Earth and 

a microstratified sequence on the site of the Court of Hoogstraeten (Brussels, Belgium). 
Integrating archaeopedology and phytolith analysis. Quat Int 315:147–166. https://doi.
org/10.1016/j.quaint.2013.07.024

Ehrenfeld JG (2000) Evaluating wetlands within an urban context. Ecol Eng 15:253–265. https://
doi.org/10.1016/S0925- 8574(00)00080- X

El Banna MM, Frihy OE (2009) Human-induced changes in the geomorphology of the north-
eastern coast of the Nile delta, Egypt. Geomorphology 107:72–78. https://doi.org/10.1016/j.
geomorph.2007.06.025

El-Fadel M, Khoury R (2000) Modeling settlement in MSW landfills: a critical review. Crit Rev 
Environ Sci Technol 30:327–361. https://doi.org/10.1080/10643380091184200

Entwistle JA, Abrahams PW, Dodgshon RA (1998) Multi-element analysis of soils from Scottish 
historical sites. Interpreting land-use history through the physical and geochemical analysis 
of soil. Journal of Archaeological Science 25:53–68. https://doi.org/10.1006/jasc.1997.0199

Evtuhov C (2006) The roots of Dokuchaev’s scientific contributions: cadastral soil mapping and 
agro-environmental issues. In: Warkentin BP (ed) Footprints in the soil: people and ideas in soil 
history. Elsevier Science and Technology, Amsterdam, pp 125–148

Fanning DS (1990) Salinity problems in acid sulfate coastal soils. In: Towards the rational use of 
high salinity tolerant plants. Kluwer Academic Publishers, Dordrecht, pp 491–500

Faust A, Katz H (2015) A Canaanite Town, a Judahite Center, and a Persian Period Fort: excavat-
ing over two thousand years of history at Tel 'Eton. Near East Archaeol 78:88–102. https://doi.
org/10.5615/neareastarch.78.2.0088

Fleisher J, Sulas F (2015) Deciphering public spaces in urban contexts: geophysical survey, multi- 
element soil analysis, and artifact distributions at the 15th–16th-century AD Swahili settlement 
of Songo Mnara, Tanzania. J Archaeol Sci 55:55–70. https://doi.org/10.1016/j.jas.2014.12.020

Fleury S, Malaizé B, Giraudeau J, Galop D, Bout-Roumazeilles V, Martinez P et al (2014) Impacts 
of Mayan land use on Laguna Tuspán watershed (Petén, Guatemala) as seen through clay and 
ostracode analysis. J Archaeol Sci 49:372–382. https://doi.org/10.1016/j.jas.2014.05.032

funambulator (2016) Homebush Bay perambulations I: a walk through ‘toxicity’ … munitions 
dumps and toxic mounds. http://www.7dayadventurer.com/2016/04/08/homebush- bay- 
perambulations- i- a- walk- through- a- history- of- munitions- dumps- toxic- mounds/. Accessed 11 
Aug 2019

Galloway DL, Burbey TJ (2011) Review: regional land subsidence accompanying groundwater 
extraction. Hydrogeol J 19:1459–1486. https://doi.org/10.1007/s10040- 011- 0775- 5

Gambrell RP (1994) Trace and toxic metals in wetlands – a review. J Environ Qual 23:883–891. 
https://doi.org/10.2134/jeq1994.00472425002300050005x

Gillham M (2017) View from East end of Little Garth past crushing plant further left (photo-
graph). https://www.flickr.com/photos/marygillhamarchiveproject/30491559003. Accessed 6 
Aug 2019

Grimm NB, Faeth SH, Golubiewski NE, Redman CL, Wu J, Bai X, Briggs JM (2008) Global 
change and the ecology of cities. Science 319:756–760

Gröger J, Proske U, Hanebuth TJJ, Hamer K (2011) Cycling of trace metals and rare earth ele-
ments (REE) in acid sulfate soils in the Plain of Reeds, Vietnam. Chem Geol 288:162–177

Hellemans K, Vincke A, Cagno S, Herremans D, De Clercq W, Janssens K (2014) Composition and 
state of alteration of 18th-century glass finds found at the Cistercian nunnery of Clairefontaine, 
Belgium. J Archaeol Sci 47:121–133. https://doi.org/10.1016/j.jas.2014.03.039

Herz N, Garrison EG (1998) Geological methods for archaeology. Oxford University Press, 
Oxford, 352 pp

A. W. Rate

https://doi.org/10.1016/j.quaint.2013.07.024
https://doi.org/10.1016/j.quaint.2013.07.024
https://doi.org/10.1016/S0925-8574(00)00080-X
https://doi.org/10.1016/S0925-8574(00)00080-X
https://doi.org/10.1016/j.geomorph.2007.06.025
https://doi.org/10.1016/j.geomorph.2007.06.025
https://doi.org/10.1080/10643380091184200
https://doi.org/10.1006/jasc.1997.0199
https://doi.org/10.5615/neareastarch.78.2.0088
https://doi.org/10.5615/neareastarch.78.2.0088
https://doi.org/10.1016/j.jas.2014.12.020
https://doi.org/10.1016/j.jas.2014.05.032
http://www.7dayadventurer.com/2016/04/08/homebush-bay-perambulations-i-a-walk-through-a-history-of-munitions-dumps-toxic-mounds/
http://www.7dayadventurer.com/2016/04/08/homebush-bay-perambulations-i-a-walk-through-a-history-of-munitions-dumps-toxic-mounds/
https://doi.org/10.1007/s10040-011-0775-5
https://doi.org/10.2134/jeq1994.00472425002300050005x
https://www.flickr.com/photos/marygillhamarchiveproject/30491559003
https://doi.org/10.1016/j.jas.2014.03.039


49

Huerta-Diaz MA, Carignan R, Tessier A (1993) Measurement of trace metals associated with acid 
volatile sulfides and pyrite in organic freshwater sediments. Environ Sci Technol 27:2367–2372. 
https://doi.org/10.1021/es00048a009

Isbell RF (1996) In: CSIRO (ed) The Australian soil classification, Australian soil and land survey 
handbook, 4. CSIRO Publishing, Melbourne, 143 pp

Isbell RF, National Committee on Soil and Terrain (2016) The Australian soil classification, 
Australian soil and land survey handbooks series. CSIRO Publishing, Clayton South

IUSS Working Group WRB (2014) World reference base for soil resources 2014, World soil 
resources reports food and agriculture. Organization of the United Nations, Rome

Jenny H (1941) Factors of soil formation: a system of quantitative Pedology, McGraw-Hill publi-
cations in the agricultural sciences. McGraw-Hill Book Co, New York, 281 pp

Jim CY (1998) Urban soil characteristics and limitations for landscape planting in Hong Kong. 
Landsc Urban Plan 40:235–249. https://doi.org/10.1016/S0169- 2046(97)00117- 5

Kottek M, Grieser J, Beck C, Rudolf B, Rubel F (2006) World map of Köppen-Geiger climate 
classification updated. Meteorol Z 15:259–263

Lehmann A, Stahr K (2007) Nature and significance of anthropogenic urban soils. J Soils 
Sediments 7:247–260. https://doi.org/10.1065/jss2007.06.235

Lehmann J, Pereira da Silva J Jr, Steiner C, Nehls T, Zech W, Glaser B (2003) Nutrient availability 
and leaching in an archaeological Anthrosol and a Ferralsol of the Central Amazon basin: fertil-
izer, manure and charcoal amendments. Plant Soil 249:343–357

Li J, Pu L, Zhu M, Zhang J, Li P, Dai X et al (2014) Evolution of soil properties following rec-
lamation in coastal areas: a review. Geoderma 226-227:130–139. https://doi.org/10.1016/j.
geoderma.2014.02.003

Ljung K, Maley F, Cook A (2010) Canal estate development in an acid sulfate soil-implications for 
human metal exposure. Landsc Urban Plan 97:123–131

Mapbox (2019) Mapbox data attribution. https://www.mapbox.com/about/maps/. Accessed 5 
July 2019

Margesin R, Siles JA, Cajthaml T, Öhlinger B, Kistler E (2017) Microbiology meets archaeology: 
soil microbial communities reveal different human activities at archaic Monte Iato (sixth cen-
tury BC). Microb Ecol 73:925–938. https://doi.org/10.1007/s00248- 016- 0904- 8

Mazurek R, Kowalska J, Gąsiorek M, Setlak M (2016) Micromorphological and physico-chemical 
analyses of cultural layers in the urban soil of a medieval city—a case study from Krakow, 
Poland. Catena 141:73–84. https://doi.org/10.1016/j.catena.2016.02.026

McKenzie NJ, Jacquier D, Isbell R, Brown K (2004) Australian soils and landscapes: an illustrated 
compendium. CSIRO Publishing, Collingwood

Middleton WD, Barba L, Pecci A, Burton JH, Ortiz A, Salvini L, Suárez RR (2010) The study 
of archaeological floors: methodological proposal for the analysis of anthropogenic residues 
by spot tests, ICP-OES, and GC-MS.  J Archaeol Method Theory 17:183–208. https://doi.
org/10.1007/s10816- 010- 9088- 6

Millaire JF, Eastaugh E (2014) Geophysical survey on the coast of Peru: the early Prehispanic 
city of Gallinazo group in the Viru valley. Lat Am Antiq 25:239–255. https://doi.
org/10.7183/1045- 6635.25.3.239

Morel JL, Heinrich AB (2008) SUITMA-soils in urban, industrial, traffic, mining and military 
areas: an interdisciplinary working group of the ‘International Union of Soil Science’ (IUSS) 
dedicated to soils strongly modified by human activities. J Soils Sediments 8:206–207. https://
doi.org/10.1007/s11368- 008- 0023- 3

Morse JW (1994) Interactions of trace metals with authigenic sulfide minerals: implications for 
their bioavailability. Mar Chem 46:1–6

National Environment Protection Council (2013) Schedule B (1): guideline on the investigation 
levels for soil and groundwater. In: National environment protection (assessment of site con-
tamination) measure (amended). Commonwealth of Australia, Canberra

2 Formation and Properties of Urban Soils

https://doi.org/10.1021/es00048a009
https://doi.org/10.1016/S0169-2046(97)00117-5
https://doi.org/10.1065/jss2007.06.235
https://doi.org/10.1016/j.geoderma.2014.02.003
https://doi.org/10.1016/j.geoderma.2014.02.003
https://www.mapbox.com/about/maps/
https://doi.org/10.1007/s00248-016-0904-8
https://doi.org/10.1016/j.catena.2016.02.026
https://doi.org/10.1007/s10816-010-9088-6
https://doi.org/10.1007/s10816-010-9088-6
https://doi.org/10.7183/1045-6635.25.3.239
https://doi.org/10.7183/1045-6635.25.3.239
https://doi.org/10.1007/s11368-008-0023-3
https://doi.org/10.1007/s11368-008-0023-3


50

Oakley SM, Jimenez R (2012) Sustainable sanitary landfills for neglected small cities in develop-
ing countries: the semi-mechanized trench method from Villanueva, Honduras. Waste Manag 
32:2535–2551. https://doi.org/10.1016/j.wasman.2012.07.030

Ottaway JH, Matthews MR (1988) Trace element analysis of soil samples from a stratified archae-
ological site. Environ Geochem Health 10:105–112. https://doi.org/10.1007/bf01758678

Paul MJ, Meyer JL (2001) Streams in the urban landscape. Annu Rev Ecol Syst 32:333–365
Peters S, Borisov AV, Reinhold S, Korobov DS, Thiemeyer H (2014) Microbial characteristics of 

soils depending on the human impact on archaeological sites in the northern Caucasus. Quat 
Int 324:162–171. https://doi.org/10.1016/j.quaint.2013.11.020

Pickering MD, Ghislandi S, Usai MR, Wilson C, Connelly P, Brothwell DR, Keely BJ (2018) 
Signatures of degraded body tissues and environmental conditions in grave soils from a Roman 
and an Anglo-Scandinavian age burial from Hungate, York. J Archaeol Sci 99:87–98. https://
doi.org/10.1016/j.jas.2018.08.007

Plant R, Wilmot K, Ege C (2014) Contaminated soil wastes in Australia. [Prepared for the 
Australian Department of the Environment]. , Institute for Sustainable Futures, University of 
Technology, Sydney

Pons LJ, Van Der Molen WH (1973) Soil genesis under dewatering regimes during 1000 years of pol-
der development. Soil Sci 116:228–235. https://doi.org/10.1097/00010694- 197309000- 00011

Pouyat RV, McDonnell MJ, Pickett STA (1995) Soil characteristics of oak stands along an 
urban-rural land-use gradient. J Environ Qual 24:516–526. https://doi.org/10.2134/jeq199
5.00472425002400030019x

Pouyat RV, Yesilonis ID, Nowak DJ (2006) Carbon storage by urban soils in the United States. J 
Environ Qual 35:1566–1575. https://doi.org/10.2134/jeq2005.0215

Pouyat RV, Yesilonis ID, Russell-Anelli J, Neerchal NK (2007) Soil chemical and physical proper-
ties that differentiate urban land-use and cover types. Soil Sci Soc Am J 71:1010–1019. https://
doi.org/10.2136/sssaj2006.0164

Pouyat RV, Yesilonis ID, Szlavecz K, Csuzdi C, Hornung E, Korsós Z et  al (2008) Response 
of forest soil properties to urbanization gradients in three metropolitan areas. Landsc Ecol 
23:1187–1203. https://doi.org/10.1007/s10980- 008- 9288- 6

Rate AW (2018) Multielement geochemistry identifies the spatial pattern of soil and sediment con-
tamination in an urban parkland, Western Australia. Sci Total Environ 627:1106–1120. https://
doi.org/10.1016/j.scitotenv.2018.01.332

Roosevelt AC (2013) The Amazon and the anthropocene: 13,000 years of human influence in a 
tropical rainforest. Anthropocene 4:69–87. https://doi.org/10.1016/j.ancene.2014.05.001

Rossiter DG (2007) Classification of urban and industrial soils in the world reference base for soil 
resources. J Soils Sediments 7:96–100. https://doi.org/10.1065/jss2007.02.208

Salmon SU, Rate AW, Rengel Z, Appleyard SJ, Prommer H, Hinz C (2014) Reactive transport 
controls on sandy acid sulfate soils and impacts on shallow groundwater quality. Water Resour 
Res 50:4924–4952. https://doi.org/10.1002/2013WR014404

Sánchez-Pérez S, Solleiro-Rebolledo E, Sedov S, de Tapia EM, Golyeva A, Prado B, Ibarra-Morales 
E (2013) The black San Pablo paleosol of the Teotihuacan Valley, Mexico: Pedogenesis, fertil-
ity, and use in ancient agricultural and urban systems. Geoarchaeology 28:249–267. https://doi.
org/10.1002/gea.21439

Schaetzl RJ, Anderson S (2005) Soils: genesis and geomorphology. Cambridge University Press, 
New York

Schrader S, Böning M (2006) Soil formation on green roofs and its contribution to urban biodi-
versity with emphasis on collembolans. Pedobiologia 50:347–356. https://doi.org/10.1016/j.
pedobi.2006.06.003

Semmens S, Perrin ND, Dellow G, Van Dissen R (2011) NZS 1170.5:2004 site subsoil classifi-
cation of Wellington City. Ninth Pacific conference on earthquake engineering: building an 
earthquake-resilient society. New Zealand Society for Earthquake Engineering and University 
of Auckland, Auckland, New Zealand

A. W. Rate

https://doi.org/10.1016/j.wasman.2012.07.030
https://doi.org/10.1007/bf01758678
https://doi.org/10.1016/j.quaint.2013.11.020
https://doi.org/10.1016/j.jas.2018.08.007
https://doi.org/10.1016/j.jas.2018.08.007
https://doi.org/10.1097/00010694-197309000-00011
https://doi.org/10.2134/jeq1995.00472425002400030019x
https://doi.org/10.2134/jeq1995.00472425002400030019x
https://doi.org/10.2134/jeq2005.0215
https://doi.org/10.2136/sssaj2006.0164
https://doi.org/10.2136/sssaj2006.0164
https://doi.org/10.1007/s10980-008-9288-6
https://doi.org/10.1016/j.scitotenv.2018.01.332
https://doi.org/10.1016/j.scitotenv.2018.01.332
https://doi.org/10.1016/j.ancene.2014.05.001
https://doi.org/10.1065/jss2007.02.208
https://doi.org/10.1002/2013WR014404
https://doi.org/10.1002/gea.21439
https://doi.org/10.1002/gea.21439
https://doi.org/10.1016/j.pedobi.2006.06.003
https://doi.org/10.1016/j.pedobi.2006.06.003


51

Shen J, Jones RT, Yang X, Dearing JA, Wang S (2006) The Holocene vegetation history of Lake 
Erhai, Yunnan province southwestern China: the role of climate and human forcings. The 
Holocene 16:265–276. https://doi.org/10.1191/0959683606hl923rp

Simonson RW (1959) Outline of a generalized theory of soil genesis. Soil Sci Soc Am J 23:152–156. 
https://doi.org/10.2136/sssaj1959.03615995002300020021x

Sohlenius G, Öborn I (2004) Geochemistry and partitioning of trace metals in acid sulphate soils in 
Sweden and Finland before and after sulphide oxidation. Geoderma 122:167–175

Soil Survey Staff (2014) Keys to soil taxonomy. Natural Resources Conservation Service, United 
States Department of Agriculture, Washington, 362 pp

Sulas F, Madella M (2012) Archaeology at the micro-scale: micromorphology and phyto-
liths at a Swahili stonetown. Archaeol Anthropol Sci 4:145–159. https://doi.org/10.1007/
s12520- 012- 0090- 7

Sylvester GC (2017) The application of high resolution mobile metal ion (MMI) soil geochemistry 
to archaeological investigations: an evaluation of its effectiveness. PhD thesis, The University 
of Western Australia, Perth, 417 pp

Sylvester G, Mann AW, Rate AW, Wilson CA (2017) Application of high resolution soil geochem-
istry to archaeological investigations: an example from a Roman metal working site, Somerset, 
United Kingdom. Geoarchaeology 32:563–574. https://doi.org/10.1002/gea.21618

Sylvester GC, Mann AW, Cook SR, Wilson CA (2018) MMI partial extraction geochemis-
try for the resolution of anthropogenic activities across the archaeological Roman town of 
Calleva Atrebatum. Geochem Explor Environ Anal 18:58–74. https://doi.org/10.1144/
geochem2017- 009

Taylor MP, Mackay AK, Hudson-Edwards KA, Holz E (2010) Soil Cd, Cu, Pb and Zn contam-
inants around Mount Isa city, Queensland, Australia: potential sources and risks to human 
health. Appl Geochem 25:841–855

Tifafi M, Bouzouidja R, Leguédois S, Ouvrard S, Séré G (2017) How lysimetric monitoring of 
Technosols can contribute to understand the temporal dynamics of the soil porosity. Geoderma 
296:60–68. https://doi.org/10.1016/j.geoderma.2017.02.027

U.S.  EPA (2017) LFG energy project development handbook. United States Environmental 
Protection Agency (Landfill Methane Outreach Program), Washington, DC

Vepraskas MJ, Vaughan KL (2016) Morphological features of hydric and reduced soils. In: 
Vepraskas MJ, Craft CB (eds) Wetland soils: genesis, hydrology, landscapes, and classifica-
tion, 2nd edn. CRC Press LLC, Boca Raton, pp 189–217

Vepraskas MJ, Polizzotto M, Faulkner SP (2016) Redox chemistry of hydric soils. In: Vepraskas 
MJ, Craft CB (eds) Wetland soils: genesis, hydrology, landscapes, and classification, 2nd edn. 
CRC Press LLC, Boca Raton, pp 105–131

Völkel J, Murray A, Leopold M, Hürkamp K (2012) Colluvial filling of a glacial bypass chan-
nel near the Chiemsee (Stöttham) and its function as geoarchive. Z Geomorphol 56:371–386. 
https://doi.org/10.1127/0372- 8854/2012/0070

Vuorela I, Hiekkanen M (1991) The urban milieu of the late- and postmedieval town of Porvoo, 
southern Finland investigated by means of pollen analysis. Ann Bot Fenn 28:95–106

Vuorela I, Grönlund T, Lempiäinen T (1996) A reconstruction of the environment of Rettig in the 
city of Turku, Finland on the basis of diatom, pollen, plant macrofossil and phytolith analyses. 
Bull Geol Soc Finl 68:46–71. https://doi.org/10.17741/bgsf/68.2.005

Wei B, Yang L (2010) A review of heavy metal contaminations in urban soils, urban road 
dusts and agricultural soils from China. Microchem J 94:99–107. https://doi.org/10.1016/j.
microc.2009.09.014

Wells EC, Terry RE, Parnell JJ, Hardin PJ, Jackson MW, Houston SD (2000) Chemical analy-
ses of ancient Anthrosols in residential areas at Piedras Negras, Guatemala. J Archaeol Sci 
27:449–462. https://doi.org/10.1006/jasc.1999.0490

White RE (2006) Principles and practice of soil science: the soil as a natural resource. Blackwell 
Science, Malden

2 Formation and Properties of Urban Soils

https://doi.org/10.1191/0959683606hl923rp
https://doi.org/10.2136/sssaj1959.03615995002300020021x
https://doi.org/10.1007/s12520-012-0090-7
https://doi.org/10.1007/s12520-012-0090-7
https://doi.org/10.1002/gea.21618
https://doi.org/10.1144/geochem2017-009
https://doi.org/10.1144/geochem2017-009
https://doi.org/10.1016/j.geoderma.2017.02.027
https://doi.org/10.1127/0372-8854/2012/0070
https://doi.org/10.17741/bgsf/68.2.005
https://doi.org/10.1016/j.microc.2009.09.014
https://doi.org/10.1016/j.microc.2009.09.014
https://doi.org/10.1006/jasc.1999.0490


52

Wilson CA, Davidson DA, Cresser MS (2005) An evaluation of multielement analysis of historic 
soil contamination to differentiate space use and former function in and around abandoned 
farms. The Holocene 15:1094–1099. https://doi.org/10.1191/0959683605hl881rr

Wilson CA, Davidson DA, Cresser MS (2007) Evaluating the use of multi-element soil analysis in 
archaeology: a study of a post-medieval croft (Olligarth) in Shetland. Atti della Soc Toscana di 
Sci Nat Mem Ser A 112:69–77

Zhang MK (2004) Phosphorus accumulation in soils along an urban-rural land use gradient in 
Hangzhou, Southeast China. Commun Soil Sci Plant Anal 35:819–833. https://doi.org/10.1081/
CSS- 120030360

Zhang G-L, Yang F-G, Zhao Y-G, Zhao W-J, Yang J-L, Gong Z-T (2005) Historical change 
of heavy metals in urban soils of Nanjing, China during the past 20 centuries. Environ Int 
31:913–919. https://doi.org/10.1016/j.envint.2005.05.035

Zou S, Li R, Xie S, Zhu J, Wang X, Huang J (2010) Paleofire indicated by polycyclic aromatic 
hydrocarbons in soil of Jinluojia archaeological site, Hubei, China. J Earth Sci 21:247–256. 
https://doi.org/10.1007/s12583- 010- 0089- x

A. W. Rate

https://doi.org/10.1191/0959683605hl881rr
https://doi.org/10.1081/CSS-120030360
https://doi.org/10.1081/CSS-120030360
https://doi.org/10.1016/j.envint.2005.05.035
https://doi.org/10.1007/s12583-010-0089-x

	Chapter 2: Formation and Properties of Urban Soils
	2.1 Introduction to Urban Pedology and Pedogenesis
	2.1.1 State Factors and Soil Formation
	2.1.2 Soil Fluxes and Soil Formation
	2.1.3 Pedogenesis of Urban Soils

	2.2 Soil-Related Changes in Urban Geomorphology
	2.2.1 Modification of Surface Hydrology
	2.2.2 Coastal Land Reclamation
	2.2.3 Other Built-up Landforms
	2.2.4 Landforms Modified by Removal of Material

	2.3 Characteristics of Urban and Anthropogenic Soils
	2.3.1 Urban Soils with Minimal Modification
	2.3.2 Distinctive Properties of Soils in Urban Environments
	2.3.3 Coastal Reclaimed Soils
	2.3.4 Soils on Landfills
	2.3.5 Soils on Dredge Spoils and Coastal Acid Sulphate Soils
	2.3.6 Soil-Like Materials

	2.4 Archaeological Features of Urban Soils
	2.4.1 Archaeological Anthropogenic Landforms
	2.4.2 The Soil ‘Cultural Layer’
	2.4.3 Archaeological Information from Major Elements
	2.4.4 Archaeological Information from Trace Elements
	2.4.5 Archaeological Information from Other Chemical Substances
	2.4.6 Archaeological Information from Geophysical Techniques
	2.4.7 Archaeological Information from Soil Microbial Properties

	2.5 Additional Reading
	2.6 Summary
	2.7 Questions
	2.7.1 Checking Your Understanding
	2.7.2 Thinking About the Issues
	2.7.3 Contemplating Urban Soils Creatively

	References


