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Perimarnine river valleys are a rich resource for studying palaeoecological change which may provide
information concerning catchment and sea-level change. This thesis reconstructs the environmental

history of the lower Aire valley during the Holocene, and investigates the factors influencing floodplain
and vegetational development.

Reconstruction of environmental change in the lower Aire valley in the mid- to late-Holocene is based on
lithological and palaeoecological records from three sites in the upper, middle, and lower parts of the

study reach. Techniques used include pollen, diatom, wood macrofossil, loss on ignition, and radiocarbon
analysis.

Paludification of the valley floor was time transgressive, apparently responding to gradually rising sea
level, beginning at ¢.7000 BP (¢.8000 to ¢.7600 cal. yrs BP) at the lowermost site, whereas conditions
were not wet enough for preservation of organic sediment in the upper reach until ¢.4200 BP (¢.5000 to
c.8500 cal. yrs BP). Accumulation of floodplain peat was interrupted by the deposition of finely
laminated humic clays some time after ¢.7000 BP (¢c.8000 to ¢.7600 cal. yrs BP) in the lower tract of the
Aire valley, near Goole, suggesting a change to lagoonal conditions. This was apparently caused by the
ponding of freshwater against the rising estuary. It is also possible that drainage was impeded, associated
with widespread deposition of organic sediment in the lower valley areas, which may have contributed to
the creation of a lagoonal environment. The lagoon had silted up by ¢.6000 BP (¢.7200 to ¢.6600 cal. yrs

BP), probably due to an increase in tidal asymmetry, and range, which resulted in a net surplus of
sediment into the floodbasins and enabled the re-invasion of fen carr onto the site.

The main period of organic sedimentation lasted for several millennia at each of the study sites, during
which time Alnus glutinosa fen carr communities dominated the wet floodplain backswamp areas. During
mid-Holocene times, the vegetation of the surrounding dryland, was colonised by a mixed woodland, with

Tilia, Ulmus, Quercus, and probably, Corylus avellana and Fraxinus excelsior. Pinus sylvestris was also
prevalent in the region.

Alnus carr was progressively replaced by fen meadow communities, and then saltmarsh or freshwater
reedswamp communities, due to a phase of positive sea-level tendency, which was recorded throughout
the lower Aire valley between ¢.4600 and ¢.2700 BP (¢.5500 to ¢.2700 cal. yrs BP). Remnants of a
possible upper peat unit and diatom evidence from the upper clastic sediment is tentatively interpreted as

indicating the contraction of estuarine conditions and a phase of negative sea-level tendency some time
during the late-Iron Age.
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Chapter 1 Introduction

1.1 Preamble

Palacoenvironmental investigations of floodplain and backswamp deposits contained within coastal river
valleys provide both ecological and chronological information regarding the Holocene evolution of such
systems. Long uninterrupted organic sequences are characteristic of these quiet water environments,

which can yield a variety of palacobotanical data.

The sequence of biogenic and clastic sediments occurring within the upper part of a tidal system has been
laid down as a direct consequence of the interplay between estuarine and fluvial processes, which control
the level of the water table. This area is called the perimarine zone, and can be defined as ‘the area where
the sedimentation or seditation (sic) took place under the direct influence of the relative sea-level

movements but where marine or brackish sediments themselves are absent’ (Hageman, 1969; 377).

Odum (1988) and Orson er al. (1992) have recognised the lack of research focusing on long term
biological and physical aspects of tidal freshwater and oligohaline marshes situated within the upper tracts
of estuarine systems. The physical conditions operating in this environment are ofien transient in nature
and complex. The lower reaches of river systems comprise an interesting environmental gradient,
between the upstream headwaters and lowland reaches, that changes in character both temporally and
spatially. The tidal freshwater zone occurring within this interface is characterised by severe
environmental stresses such as fluctuating salinity, reduced dissolved oxygen, and increased turbidity
(McLusky, 1994). Fluvial geomorphologists, marine ecologists, and palacoenvironmental scientists have
therefore avoided research into this important environment because they tend to either focus on the
freshwater fluvial dynamics where complications due to maritime tidal influence are absent, or on the

estuarine and marine processes that dominate seawards (Odum, 1988; Adam, 1990).
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The main focus of research into Holocene relative sea-level change has traditionally concentrated on
transitory muddy shores such as those found typically in estuaries, where the relatively quiet water
environments and fine sediment regime enable the deposition of intercalated layers of marine clastic
sediments and semi-terrestrial peats that directly record vertical changes in sea-level and proximity of
marine conditions (Shennan, 1992). Stratigraphic and micropalaeontological investigations of such
intercalated sequences allow the collection of sea-level index points which identify transgressive (marine
overlying terrestrial sediments) and regressive (terrestrial overlying marine sediments) sediment contacts
(Shennan, 1982; Tooley, 1982). Sea-level index points can be based on lithology (i.e. sedimentary
contacts, Heyworth & Kidson, 1982), but for higher precision they are more commonly identified by
microfossil analysis (biostratigraphic boundaries) which enables greater precision (Tooley, 1978a; 1978b,

1982; Devoy, 1979; 1982; Shennan, 1982; 1986a; 1986b; Long, 1992; Plater & Shennan, 1992; Long &

Innes, 1993; Long et al., 1998a).

The analysis of such sequences enables a detailed chronology for sea-level movements to be obtained
from coastal contexts, but gathering further palaecoenvironmental information regarding the nature of the
vegetation communities during different phases of coastal evolution is limited due to the discontinuous
nature of the biogenic horizons. This means that attention is focused on periods of changing sedimentary
environment over the lithologic contacts, which is restrictive when it is the intervening period which is of

palaecoecological interest. Furthermore, precise palaecobotanical information is lost from the record during

phases of marine deposition.

Tooley (1985a; 1986) highlights the importance of palaeoenvironmental studies in the perimarine area and

notes the largely untapped potential this environment has for study in the British Isles. His assertion is
based on the amount of palaeoecological and sedimentological data obtained from studies in the
perimarine zone in England by Godwin & Clifford (1938), Godwin (1941), and Godwin & Vishnu-Mittre
(1975) as well as in European countries such as Holland (Hageman, 1969; Jelgersma et al., 1979; van de
Plassche, 1982) and Germany (Behre et al., 1979). In the period since Tooleys’ pertinent observation and
the pioneering work of Sir Harry Godwin in the Fenland and Somerset Levels (see references above),

there have been notable studies of perimarine environments in Britain (Tooley, 1985a; Burrin & Jones,

1991; Passmore, et al., 1992; Waller, 1994a; 1994c; Hewlett & Birnie, 1996), although this still lags
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behind the excellent and ongoing research into the Dutch perimarine area (e.g. Verhoeven, 1992;

Tornqvist, 1993a).

Research in perimarine fluvial areas has many advantages owing to the diversity of information that can
be gleaned from the sediments regarding their palaeoenvironmental development. Not only are there long
organic sequences preserved on river floodplains (e.g. Waller, 1993; 1994a) but palaeochannel features,
river levees and backswamp lagoons also provide a plethora of information regarding the evolution of
coastal fluvial systems and their sedimentary and palaecoecological history (Van der Woude, 1983;
Tooley, 1985a; Jennings & Smyth, 1987; Hofstede et al., 1989; Passmore et al., 1992; Tornqvist, 1993a;

Weerts and Bierkens, 1993; Waller, 1994c¢; Janssen et al., 1995; de Klerk et al., 1997a; 1997b; Vos & van

Heeringen, 1997; Vos & de Wolf, 1997).

The onset of biogenic sedimentation in the perimarine hinterland often provides the first indirect evidence
for rising Holocene sea-levels (Hageman, 1969). However, the relationship between sea-level change,
sedimentation, and fluvial activity in the perimarine zone is far from simple (Berendsen, 1984a). For
example, in The Netherlands, Hageman (1969) posited that transgressions and regressions impacting on
the coastal zone had a direct response registered in the perimarine zone by the synchronous deposition of
alternating phases of clastic and biogenic sediments. These lithostratigraphic units relating to
transgressions and regressions were then formally classified into members of the Westland Formation and
correlated chronostratigraphically with the associated facies in the perimarine zone (Zagwijn & van
Staalduinen, 1975). The validity of this model has subsequently been challenged and tested with a large
number of radiocarbon dates, (Van der Woude, 1979; De Mulder & Bosch, 1982; Berendsen, 1984a;
1984b; 1993) which has lead to this conceptual model being rejected. It has been shown that differing
rates of sea-level rise or fall result in complex response patterns within the fluvial realm, such as shifis
from anastomosing to meandering river regimes and periods of increased avulsion, and not simply phases

of peat or clay deposition (Tornqvist, 1993a; 1993b; Berendsen, 1995).

Despite the complexity of the relationship between the marine and freshwater system, sediments from the

perimarine zone provide a range of environmental data on water-level changes, nutrient status and

vegetation history, which are intimately related to sea-level and tidal changes, thereby enlarging the
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potential area for sea-level studies (Tooley, 1986). The presence of peat deposits within a fluvial
catchment also allows insights into the vegetational and sedimentary history of the surrounding dryland
environment. Therefore, the perimarine zone of a fluvial area represents a unique resource for

palacoenvironmental study into both water-level changes and vegetation dynamics.

Chappell (1990) notes the highly vulnerable nature of riverine and coastal floodplains to future changes in
sea-level. He states that in order to estimate or model the effects of rising sea-level on coastal and riverine
lowland basins, it is necessary to establish and understand their behaviour during the Holocene. By
collecting data about past fluvial system responses to water-level changes during the Holocene, (which

were of similar magnitude to future predictions) engineers, biologists and geologists can plan and begin to

mitigate possible changes in the future.

This thesis examines the evolution of the lower tract of one of the main river valleys that drains the eastern
extent of the inner Humber estuary. The inter-relationship between long term floodplain development,

vegetation dynamics, and changing sea-level 1s investigated in detail.
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1.2 Background to the Study

The work presented in this thesis is part of a research plan set out in 1993 (Van de Noort, 1993), which
was intended to supplement the English Heritage funded Humber Wetlands Project (HWP). From the
outset of the wetlands survey, it was clear that specific palaeoecological questions could not be fully
addressed within the remit of the project. This was mainly due to the time constraints associated with the
size of the geographical area to be studied. As a result, the Department of Geography planned to fund
several PhD students to study certain aspects of the Humber wetlands in more detail, to compliment and
expand upon the palaeoenvironmental data already collected by the HWP. This research is the result of

the first PhD produced as part of this initiative, which has enabled a high spatial and temporal resolution

model of wetland development in relation to Holocene sea-level change to be obtained.

In addition to the HWP, this research also relates to the Land-Ocean Interaction Study (LOIS) funded by
NERC. In part, the LOIS project aimed to model Holocene depositional regimes in the western North
Sea. Another element of LOIS is the Land-Ocean Evolution Perspective Study (LOEPS). One project,
involving collaboration between the Universities of Durham, Edinburgh, Hull, Newcastle and St.
Andrews, 1s entitled ‘Holocene Evolution of the Humber Estuary’. This aimed to reconstruct the changing
land-ocean boundaries during the Holocene in the Humber and aid in the identification of the critical

geomorphological and ecological processes that determine that boundary. This type of holistic study is

critical 1n the understanding of broad-scale patterns of sea-level change and coastline evolution in the

Humber, but is lacking in high resolution data from the perimarine river valleys that drain into the inner

Humber Estuary.

This study will build on the framework established by the HWP and LOIS, with the focus on providing
new information concerning the timing and nature of peat development within marginal river
environments, and to establish the relationship of these deposits to Holocene sea-level change. Therefore,

this thesis is a contribution to the considerable amount of ongoing palacoenvironmental and

archaeological research currently being undertaken in the Humber region.
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1.3 Aims and Objectives

1.3.1 Aims

The aims of this thesis are to:

1. Identify sites that characterise the range of palaeoenvironments in the perimarine zone of the lower

River Aire valley, within the Inner Humber estuary.

There is a general paucity of data regarding the Holocene evolution of inner estuarine
environments. Data concerning the coastal evolution of middle and outer estuaries are abundant as are
those from upper reaches of catchment systems. However, the interface of these two important systems
has received scant attention. It is hoped that exploration into this enigmatic palaeoenvironment using
lithological and biostratigraphical techniques will shed light on the processes that operate in such

environments and the relative extent to which sedimentation and vegetation are controlled by fluvial or

estuarine processes.

2. Identify water-level changes within inner estuarine environments and assess the extent to which they

coincide with known periods of marine transgression and regression within the middle and outer estuary

during the Holocene.

The response of marginal fluvial riverine systems to Holocene sea-level changes is the subject of

much debate. Therefore, the registration of changes in water-level close to the tidal limit and the timing,
duration, and elevation of such changes are of particular interest. Godwin & Godwin (1933a) have shown
how subtle changes in the water table are manifested by distinct vegetative changes, which can be
observed within the biostratigraphic record. Research of this nature may then provide analogues for the

possible effects of predicted future sea-level changes which may be of similar magnitudes.
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3. Examine the composition of local riverine vegetation communities and character of the surrounding

vegetation.

To date, detailed palaeobotanical studies in the Humber basin have been based largely on lake
(mere) deposits (e.g. Beckett, 1981), raised mires (e.g. Smith, 1985a), the chalk uplands (Bush, 1986), or
fragmentary records from the shore of the Humber estuary (e.g. Gaunt & Tooley, 1974; Long et al.,
1998a). The only data available from perimarine river valleys is Smith’s (1958a; 1958b) work within the
Ancholme which, although an important contribution to our knowledge of environmental change in the

Humber river valleys, is now somewhat outdated and of limited use owing to the lack of a radiocarbon

chronology. This study aims to address this gap in information, by concentrating on the nature of the
vegetation colonising floodplain and backswamp areas within a river valley draining into the inner
Humber estuary, and identifying the forcing factors that influence vegetation change during the Holocene.

The recognition of the off-site vegetation signal from this context may also provide a different perspective

on the character of the dryland vegetation communities within the catchment area.

4. Use empirical data to evaluate existing theories of floodplain development in perimarine

environments.

On a broad scale, patterns of deposition within coastal valley systems during the Holocene can be
considered paradoxical. Generally, the very early Holocene can be characterised by minerogenic
sedimentation during a time of rapidly rising sea-levels, a response to climatic amelioration, whilst the
mid-Holocene 1s dominated by the deposition of organic sediments as the rate of sea-level rise slowed.
Coastal environments during mid- to late-Holocene times usually register a switch to clastic sedimentation
during a period when the rate of sea-level rise is lower, when a continuation of peat forming conditions
may be expected. It has been suggested that the reasons for this apparent contradiction are related to the
increasing impact of human activity (Burrin, 1985; Brown, 1987a; 1987b; Jennings & Smyth, 1987). The
integration of litho- and biostratigraphic techniques is necessary to provide a link between changes in

vegetation and sedimentary environment which may shed light on the factors influencing sedimentation in

littoral environments.
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On a more local scale, previous hypotheses regarding the cause of late Holocene sedimentation within
catchment systems in the Humber basin has been based upon largely archaeological evidence from a
limited number of sites. It 1s hoped that the quantity of stratigraphic and palacoecological data gathered 1n
this study, in conjunction with a radiocarbon chronology, can contribute to this debate by critically
examining the validity of these informal conceptual models of floodplain alluviation to other valley

systems in the inner Humber area (Samuels & Buckland, 1978; Buckland & Sadler, 1985; Riley et al., 1995).
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1.3.2 Objectives

The specific objectives of this thesis are to:

1. Establish the pattern of Holocene sedimentation in the lower Aire valley through

lithostratigraphic exploration and schematic data displays.

2. Identify the range of sedimentary palacoenvironments within the perimarine zone and sample

sites suitable for palacoenvironmental analysis from the upper, middle and lower reaches of the

study area.
3. Reconstruct the palacoecological history of the study area using biostratigraphic techniques.
4. Identify regional trends in vegetational development.
5. Elucidate the palaeobotanical evidence for changes in vegetation communities within organic and

inorganic deposits as proxy data for changes in the altitude of the water table.

6. Employ "“C dating to establish an absolute chronology for vegetational history and the pattern of

Holocene water-level movements in the study area.

7. Study the evidence for tendencies of sea-level movements in the Humber estuary.

8. Analyse the evidence for synchroneity between the chronology of sea-level tendencies in the

middle and outer estuary against those identified from the study site within the inner Humber

estuary.

0. Critically examine previous models of floodplain development and sedimentation patterns in the

light of these results
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1.4 Structure of Thesis

This thesis presents the results of a palaeoecological study into environmental change within perimarine
environments from a riverine context. Data have been collected from three sites along the floodplain of
the lower Aire in the inner Humber estuary and are used to elucidate the relationship between sedimentary
and vegetational environments at the junction of the estuarine and fluvial catchment system. The thesis

has been organised into four main parts, consisting of a total of 11 chapters, as follows:

Part I Background

Following the present chapter, Chapter 2 provides the context for the work by introducing tloodplain
environments and reviewing previous concepts and ideas regarding the causal mechanisms controlling the
evolution of low-lying sedimentary river environments. Following this, an introduction to the terminology
and methodology of sea-level data is given, along with a consideration of how Holocene sea-level data is
interpreted and the possible problems with these interpretation methods in the perimarine zone. Chapter 3
is an introduction to the study area. The site locations are defined and the specific site conditions
(geology, land-use, climate etc.) associated with the area under investigation are outlined. In addition, the
Quaternary development of the landscape in the Humber region is reviewed and the physical
characteristics of the Humber estuary are also set out. The literature (archaeological, palacoenvironmental

and geomorphological) concerning research undertaken within the Humber basin in general is reviewed in

Chapter 4.

Part II Methods and Techniques

Chapter 5 addresses the methodology employed in all aspects of data collection, (the lithostratigraphic
approach is justified and the biostratigraphic investigations are introduced). The methodology used in the
pollen data collection is outlined and an account of the problems associated with interpreting
palynological data from perimarine riverine areas is given. Other methods such as diatom, loss-on-
1ignition and wood analysis are presented. Finally the principles of radiocarbon dating are considered and

the advantages and limitations associated with this technique in floodplain and coastal environments is

assessed.

10
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Part IIl Results

Chapter 6 is a summary of the coring program, with brief written descriptions of the sediments recorded
within the river valley, and the presentation of simplified schematic data displays. Chapters 7, 8, and 9 are

site reports from the three principal study areas, within which the litho- bio- and chronostratigraphic

results are described and interpreted.

Part IV Discussion and Conclusions

Chapter 10 provides a synthesis of the findings from the three sites in terms of the chronology of wetland
vegetation development and patterns of sedimentation. Broader scale inferences are also made as to the
character of the dryland vegetation communities within the study region. A chronology of sea-level
changes is presented and comparisons made between the study sites and other data from the outer estuary
areas. The dominant controls of floodplain development and local vegetation change are outlined and

inferences made as to the applicability of previous models of floodplain alluviation within the Humber

basin. The conclusions and recommendations for future research are given in Chapter 11.

11
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1.5 Conventions and Definitions

1.5.1 Chronological Framework

The timescale of this investigation spans the latter part of the Quaternary period. The Quaternary covers

the last 2.5 million years and is the most recent subdivision of the geological record (Lowe & Walker,
1997). Hedberg (1976) has formally designated two epochs within the Quaternary; the Pleistocene (up
until ¢.10000 radiocarbon years before present) and the Holocene, which covers the current warm period
in which we live (from ¢.10000 years ago until and including the present). The brief climatic oscillation
that occurred towards the end of Pleistocene in northwestern Europe 1s referred to as the Lateglacial. The
Lateglacial effectively marks the end of the last cold stage, and the term Postglacial is informally used to
designate the following warm stage. The term Flandrian is the formal name for the present interglacial
stage in Britain and some parts of northwest Europe (Lowe & Walker, 1997). This term is derived from
the European practice of naming temperate stages after characteristic marine transgressions; in this
instance on the Flemish coastal plain (Hyvérinen, 1978; West, 1979). However, because this term has not

been widely adopted internationally, the term Holocene is used hereafter to refer to the present interglacial

stage (Lowe & Walker, 1997).

The use of the term ‘before present’ (BP) has been adopted, whereby 0 BP (‘present’) is conventionally
defined as before 1950 AD. All ages are also expressed on a calendrical timescale (see section 5.10) and

have been calibrated using the CALIB 3.0 program of Stuiver & Reimer (1993). The beginning of the

Holocene is therefore referred to as ¢.11500 calibrated years BP (cal. yrs BP).

1.5.2 Nomenclature

Vascular plant nomenclature follows Stace (1997) and pollen nomenclature is based on the suggestions of
Bennett (1994a) and Bennett et al. (1994). Where other authors have used a different naming system, it

has been converted as far is possible to this method. Diatom nomenclature follows Hartley (1986). Place

names follow Ordnance Survey nomenclature.

12
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Chapter 2 Floodplain Development and Sea Levels

2.1 Introduction

This chapter outlines the physical and biotic characteristics of river floodplain and backswamp
environments. The influence of autogenic and allogenic factors are discussed in relation to the
development of Holocene floodplain vegetation. A review of the low-lying fluvial sequences investigated
by previous authors, and the different models of floodplain formation they advance are considered. In

particular, the debate concerning the relative contribution of climatic and anthropogenic factors in

determining the development of Holocene fluvial systems is discussed.

Information concerning the nature of both fluvial deposition and coastal processes is essential when
studying the evolution of sedimentary sequences in the perimarine zone where these two realms
interdigitate. Pethick (1988) notes that the majority of sediments in the Humber today are derived from

North Sea sources (particularly erosion of the Holderness coast), but what proportion was derived from

river or sea sources during the Holocene is not known. This is of particular significance, as changing

catchment processes will affect the supply of terrestrial and fluvial sediment to the coastal zone (Shennan,

1994), which plays an important role in the balance between terrestrial and marine sedimentation.

An understanding of sea-level change is particularly relevant to this study as this is a major control on
groundwater levels, and therefore floodplain development in coastal river valleys. The methodology and
terminology used in the reconstruction of Holocene sea-level change is dealt with in the latter part of this

chapter. 'The factors that influence the relative position of land-sea boundary, the methods of

reconstructing and interpreting former sea-levels, and the problems associated with these approaches in

the perimarine zone are then discussed.

13
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2.2 Holocene Floodplain Development

2.2.1 Definitions and Background

Floodplains can be defined as the flat areas adjacent to rivers liable to flooding (Brown, 1997). A study
of the alluvial facies of floodplains can provide valuable insights into factors influencing the natural
evolution of the fluvial system, provide evidence of climate change, ecological dynamics, and nutrient

status, and yield information regarding prehistoric human utilisation of such environments .

The term ‘floodplain’ is rather misleading. Fenneman recognised as early as 1906 that floodplains were
not solely the result of floods but also comprise deposits formed by river migration (Fenneman, 1906);
they are a product of both erosional and depositional processes. The floodplain is made up of a complex
array of features including levees, point bars, oxbows, terraces, pools, and backswamps; formed by a
variety of different lateral and vertical processes (Brown, 1997). In a coastal valley setting, the floodplain
evolves under the combined influence of physical (catchment, fluvial, and estuarine) and human
processes. Detailed investigation of environmental change from these transitional perimarine contexts can
provide information relating to a vanety of allogenic and autogenic biological processes (see section
2.2.3). It 1s important for the relative influence of fluvial and estuarine parameters to be considered

together, as they are fundamental to the understanding of the evolution of tidal floodplain environments.

2.2.2 Floodplain Sediments

The alluvial architecture of floodplain sedimentary sequences consists of a variety of sediment types,
derived from different depositional processes. In temperate regions, coarse grained clastic material such
as sand and gravel may derive from the inwash of colluvium (Bell, 1982; Brown, 1982; Burrin, 1988;

Waller et al., 1988; Brown, 1992), windblown dunes or river levees (Térnqvist, 1993a; van de Plassche,

1995), or reworked loess deposits (Burrin & Scaife, 1984). Channel fill deposits and peripheral

bank/valley side sediments are usually made up of such coarse grained material. Fine grained sediments

usually dominate the valley fills of low lying coastal river valleys.
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In the perimarine zone of coastal river valleys, clays and silts are deposited by tides in a low energy
environment, forming wide mud flats flanking the channel, with peat forming in the vegetated backswamp
wetland due to high water tables on the upper parts of the floodplain. Such sediments make up the majority
of Holocene floodplain sediments within coastal niver valleys, and can be over 10 metres thick in large
estuarine floodplains (see Gaunt & Tooley, 1974; Devoy, 1979). Channel switching and meander migration

result in palaeochannel features which are also usually infilled with fine sediments such as clay, silt, and peat.

Modern fen systems, which appear to closely resemble the Holocene wetlands within the perimarine river
valleys in low-lying areas, such as the Humber Wetlands, with similar morphological and biological
characteristics, are known as ‘floodplain fens’ (Wheeler, 1984). These are ‘topogeneous fens (i.e. with a

high watertable maintained primarily by the topography of the site), which developed on waterlogged, and

often peniodically inundated floodplains, alongside rivers and streams’ (Wheeler, 1984; 239).

2.2.3 Holocene Floodplain Vegetation

The most common community present on eutrophic floodplain wetlands is Alrnus carr (close modern
analogues are the Osmundo-Alnetum of Wheeler, 1980b and Alnus-Carex woodland (W5) of Rodwell,
1991). Alnus glutinosa is the only species of alder native during the Postglacial period in Britain
(Godwin, 1975a). Other tree species such as Corylus avellana and Salix are often important components
of Alnus carr (Rodwell, 1991), although such communities are often species poor due to their
impenetrable nature and high degree of canopy shading (Brown, 1997). Favourable conditions during
much of the mid-Holocene (e.g. waterlogging and substrate stability, Brown, 1988) made the Alnus
glutinosa woodland community very dense and almost non-invadable resulting in a low species diversity
(Brown, 1988; 1997). Whilst A/nus carr may dominate the central areas of floodplain, Wheeler (1984)
suggests taxa such as Glyceria, Filipendula, Urtica, Epilobium, Phragmites and Cyperaceae are

associated with silty substrates along the banks of lowland rivers, with Glyceria particularly prominent in

areas of strong tidal influence.

The development of vegetation patterns in wetlands are the product of both autogenic and allogenic
factors (Walker, 1970; Jackson et al., 1988; Singer et al., 1996; Bunting & Warner, 1998). Autogenic

factors are usually biotic processes which operate naturally within an ecosystem to dictate the direction of
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change in plant succession until the vegetation reaches ‘equilibrium’ with the environment. Tansley (1939)
identified sequential stages, or seres, from open water through to reedswamp, fen, fen ‘carr’ (a term used to
describe woody scrub vegetation) and ultimately a ‘climax’ vegetation consisting of mixed deciduous
woodland or raised bog. Godwin (1978) applied this theory to vegetation change in the Fenland, and
described a progressive series of vegetation succession whereby open water passes to reedswamp, sedge fen,

fen woodland, poor fen and then bog purely as a result of autogenic processes (see Figure 2.1a).

Early models of hydroseral succession, whereby waterbodies and wetlands gradually become
terrestrialised by autogenic mechanisms ( i.e. the accumulation of autochthonous organic and inorganic
sediments), only apply to closed systems and do not explain most patterns of floodplain vegetation
communities or other pathways of vegetation change. More recent authors have stressed the importance
of allogenic factors (external parameters) in determining the stages of hydroseral succession (e.g. Walker,
1970; Wheeler, 1984; Jackson et al., 1988; Burrows, 1990; Delcourt & Delcourt, 1991; Singer et al.,
1996 Bunting & Warner, 1998; Waller et al., 1999). Stratigraphic investigations provide evidence that
successional sequences are variable and often show reversals in direction and skipped stages in open systems,
controlled by allogenic processes (e.g. Walker, 1970; Delcourt & Delcourt, 1991; Bunting & Warner, 1998),
which may be physical or biotic, such as the dominant species first reaching a site (Walker, 1970). In fact, all
alluvial wetland successions in perimarine areas are influenced by a range of allogenic processes, such as the
sedimentation of allochthonous material (organic and inorganic), changes in groundwater level and quality,

flooding, climate change, subsidence, and vegetation disturbance due to human impact, which reflect the

interaction of coastal and terrestrial processes (e.g. Clark & Patterson, 1985; Clark; 1986).

One of the features of plant communities in coastal and floodplain wetlands is that they exhibit a spatial
zonation, which is related to elevation (i.e. distance from the river channel or the sea). This zonation can
be regarded as a spatial manifestation of vegetation changes occurring through time, that are recorded in

the biostratigraphic column (see Godwin, 1940; Shennan, 1986b; Waller, 1994c¢).

The most important allogenic factor controlling groundwater level, and thus sedimentation and vegetation

development in coastal river valleys, is sea-level change (Behre, 1986). Although sea level may be the

dominant regional control on watertable height, other factors influence the local groundwater level, such
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as the stratigraphy and hydraulic conductivity of sediments, the slope of the floodplain watertable, the
degree of rainfall and flooding, and the rate of evapotranspiration from plants and the ground surface
(Brown & Bradley, 1996). However, it 1s clear that the principal factor imtiating peat formation over
formerly dry basal surfaces was rising water levels during the early stages of the Holocene (e.g. Jelgersma,
1961; Hageman, 1969; Tooley, 1978a; van de Plassche, 1982; Pons, 1992; Shennan, 1994; Waller, 1994c;
Vos & van Heeringen, 1997). Indeed, basal peats were thought to be so intimately related to sea-level rise
that early curves charting the Holocene rise in sea-level in The Netherlands were derived entirely from
radiocarbon dates from the base of basal peats on the gently inclined Pleistocene surface (Jelgersma,
1961; van de Plassche, 1982), where the effects of compaction would be minimal. Although the vahdity
of sea-level curves derived in such a manner has recently been questioned (e.g. van Dyk et al., 1991;
Pons, 1992; Kiden, 1995; Vos & van Heeringen, 1997, see section 2.4.6), there can be little doubt that

change in vegetation from dryland to fen woodland (see Figure 2.1b) was driven by an allogenic process

(Waller, 1994c¢).

Behre (1986) has proposed a progressive and regressive series of vegetation changes for coastal areas (see
Figure 2.1). The direction of these vegetation changes have been taken to indicate rising or falling sea-
level. The progressive series, from intertidal environments, through reedswamp and finally into fen carr
(Figure 2.1c), may be explained as a consequence of allogenic factors such as falling sea levels, or
increasing allochthonous sedimentation rates, although the gradual build up of the ground surface may be
brought about by autogenic processes. The retrogressive series describes the sequence of vegetation
changes from fen carr, through reedswamp, into intertidal flats (Figure 2.1¢). An allogenic process, such
as rising sea level, can again be invoked to explain the shift from terrestrial to mudflat environment.
However, this explanation may not apply in all cases because the same vegetation change could result
from a decrease in rate of local sedimentation (either allogenic or allochthonous) during a period when the

rate of relative sea-level change remains constant. Therefore, the nature and direction of changes in

vegetation ‘are ultimately determined by the rate at which both allogenic and autogenic processes are

operating’ (Waller, 1994c¢; 42).
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Part I Chapter 2 Floodplains and Sea-Level Change

2.3 Theories of Valley Sedimentation and Floodplain Genesis

2.3.1 Definition of terms

Floodplain sequences have been subdivided into two broad categories by Macklin & Lewin (1986) who

classify British drainage basins into ‘upland’ and ‘lowland’ types.

Upland valley systems are characteristic of rivers in northern and western Britain where the landscape

has been glaciated several times during the Pleistocene. Such catchments generally have steeper

gradients and higher unit discharges than their lowland counterparts.

Lowland valley systems are characteristic of rivers in southern and eastern Britain which are

generally beyond the limits of Quaternary glaciation (or experienced glaciation only in their

headwaters). Such catchments have low relief, minimal gradients, and low unit discharges.

Burrin & Scaife (1984) divide lowland Holocene alluvial fills into two further categories:

The coastal zone sequence, which occupies the lowest portion of the valley tract. This sedimentary
sequence generally consists of deep interbedded clastic and biogenic deposits reflecting both
freshwater and estuarine depositional environments (e.g. Devoy, 1979; Heyworth & Kidson, 1982;

Jennings & Smyth, 1987; Smyth, 1986; Burrin, 1988; Burrin & Jones, 1991: Waller et al., 1988;
Hewlett & Birmie, 1996). These sequences occur within the perimarine zone and coastal parts of the
valley, where alluvium is deposited under the influence of sea-level movements. The processes

through which such coastal sequences form, and the debate concerning the interpretation of such

sediments in relation to sea-level change, is considered later in this chapter (Section 2.3.3 and 2.4.6).

The floodplain association, which consists of predominantly fine grained sediment overlying bedrock

or glacial drift deposits. Such sequences occur at the interface between the upper reaches of the

catchment and the coastal zone sequence (e.g. Beckinsdale & Richardson, 1964; Dury, 1964; Shotton,

1978, Hazelden & Jarvis, 1979; Burrin & Scaife, 1984; Buckland & Sadler, 1985; Burrin, 1988;
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Burrin & Jones, 1991; Waller, 1993; 1994a; Waller et al., 1988; Hewlett & Bimnie; 1996).
Beckinsdale & Richardson (1964) note that valleys narrow, and the sediments in such floodplains

typically shallow and become younger in an upstream direction. This feature is shown in the long

profiles presented in Burrin & Jones (1991) and Scaife & Burrin (1992).

The complex causal factors and mechanisms of valley fill alluviation have long been the subject of
considerable debate. In southern and eastern England, over the last 10000 years, there has been a general
vertical tendency of progressive alluviation of fine grained sediment, largely as a result of glacio-eustatic
relative sea-level rise (Straw & Clayton, 1979; Waller er al., 1988), itself a consequence of climatic
amelioration. However, later alluvial phases have often been attributed to increased catchment soil
erosion as a consequence of human activity (e.g. Shotton, 1978; Bell, 1982; Brown, 1983). Therefore it 1s

appropriate to consider the principal arguments put forward to explain valley alluviation in Britain during

the Holocene.

First 1t 1s necessary to consider each of the factors that combine to influence floodplain development.
Burrin & Scaife (1984) and Burrin (1985) define exogenic and endogenic factors, which influence valley

systems by initiating phases of alluviation and floodplain construction, and terrace development, or

periods of erosion.

Exogenic factors are external, environmental parameters, that are independent of the fluvial system.

These include:
e Sea-level and base level change
e Tectonic activity

e Climate change (e.g. affects flood frequency and magnitude)

e High magmtude, low frequency events (e.g. catastrophic events such as storm surges)

¢ Anthropogenic activity (direct and indirect — land-use change)

Endogenic factors are internal responses by the fluvial system to exogenic environmental change, which

often involve complex response mechanisms, including thresholds (Schumm, 1977; 1979) and autogenic

ProcCessces.
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2.3.2 Introduction to Geomorphological Change

Early models of geomorphic change in the late 19th century had climate as the primary control, until
Davis (1899; 1902) proposed that cycles of erosion and base-level changes were the major driving factors
in landscape change and floodplain evolution. Davis’ model applied over a geological timescale, and
floodplain formation was seen as the ‘old-age’ stage of landscape evolution after orogenic uplift. Baulig
(1935) also recognised the importance of base-level change in floodplain evolution, stating that glacio-
eustasy was a major control in defining the long profiles of river systems. These theories were important
as they suggested that factors other than climate were influential in driving landscape change. It is clear
that climate is the central factor concerning floodplain evolution over geological timescales, spanning
different glacial periods. However, the importance of smaller, catchment scale processes could not be

readily incorporated into, or explained by such models, that were essentially concerned with long time

periods.

Schumm & Lichty (1965) developed a model to explain geomorphic change on a historical scale. It

assumed that river environments operated as a process-response system, and variables such as sediment
load and water flow vary in response to a range of external environmental controls. The model includes
the fact that the status of the vanables differs with the timescale of the investigation. Over shorter
timescales, channel forms develop in response to both the amount of water and sediment supplied to the
system as well as valley characteristics inherited from geological time, such as gradient and valley fill

deposits. Therefore, major climatic episodes may have influenced the antecedent conditions of the

catchment, but other physical and/or anthropogenic processes must be invoked to explain smaller scale,

shorter term changes in river regime.

2.3.3 Causal Mechanisms and River Characteristics of Holocene alluvial systems
in Britain

During the late-Devensian, deglaciation occurred following climatic amelioration (Manley, 1964; Godwin,
1975a; Goudie, 1992) which resulted in rapidly rising Postglacial sea levels (Gaunt & Tooley, 1974;

Tooley, 1978a; Devoy, 1982; Heyworth & Kidson, 1982) and subsequently in valley aggradation and

floodplain formation (Straw & Clayton, 1979). There are many examples in Britain where floodplain
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aggradation reflects the elevation of local base levels in the perimarine area associated with rapid early to
mid-Holocene sea-level rise (e.g. Martin Mere, Tooley 1985a; the Brede valley, Waller et al., 1988; the
Sussex Ouse, Burrin & Jones, 1991; the lower Tyne, Passmore et al., 1992; the lower Severn, Hewlett &
Bimie, 1996). The similar pattern of fluvial activity, and widespread deposition of organic rich fine
sediments on coastal valley floodplains, are a corollary of their low gradients and perimarine location
(Passmore et al. 1992). Straw & Clayton (1979) suggest that aggradation of river floodplains upstream of
estuarine zones 1n eastern England was largely complete by ¢.5000 BP (¢.6000 to 5500 cal. yrs BP) or
earlier, in response to rising sea level, and prior to the establishment of significant vegetation cover on the
valley sides. However, apart from rather general remarks concerning valley evolution in coastal lowlands,
reflecting broad environmental changes (e.g. Beckinsdale & Richardson, 1964; Kidson & Heyworth,
1976; Straw & Clayton, 1979), detailed examination of how and when such activity occurred remained

elusive until the past few decades. Since this time, there has been considerable debate concerning the

precise causal mechanisms of floodplain activity.

Wolman & Leopold (1957) developed a model of floodplain formation from observations of a smali
meandering stream in the USA which was generally accepted for many years. They postulate that
floodplains are comprised largely of coarse point bar sediments, formed by lateral migration of river
meanders across the floodplain tloor. They reason that vertical accretion from overbank sediments
contributes only a minor component of the overall valley fill. In their model, fine overbank sediments
become progressively limited due to successive deposition of flood deposits raising the floodplain relative
to the channel, making later floods more and more infrequent. There are two important assumptions
inherent in this model that have subsequently restricted its applicability to many fluvial situations. First, it
requires there to be no within channel sedimentation, or channel bed aggradation, as this would facilitate a
constant rate of overbank deposition as the floodplain/river bed level would remain relatively the same.
Secondly, it assumes that the channel migrates evenly over the entire floodplain which most channels do

not do. The relative contributions of lateral and vertical overbank sediments to the floodplain fill depends

very much on the sediment type and supply (Schumm & Lichty, 1963), and the lack of knowledge

regarding the balance between vertical and lateral accretion has led to much uncertainty (Burrin & Scaife,

1984).
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Nanson & Young (1981) recognise that the processes of floodplain construction are variable, and
influenced by many exogenic and endogenic factors specific to certain geographical areas, and regard the
Wolman & Leopold (1957) model as inappropriate for an idealised model of general floodplain evolution.

Burrin (1985) advocates a move away from simplistic, generalised models of floodplain alluviation to

ones which reflect the complexity of the range of fluvial environments. It is now realised that there can be
no universal floodplain model (Brown, 1997) due to the different amounts of sediment, and types of nver
system. Although the Wolman & Leopold (1957) model may still accurately describe floodplains created
by a small meandering channel, a floodplain constructed by a low sinuosity, sandy, braided (unstable

multiple channel) system, is expected to exhibit a totally different fluvial architecture (e.g. Allen, 1970;

Brown, 1997).

This is an important consideration when evaluating the evolution of floodplain environments in the British
Isles, as there is evidence suggesting many low lying fluvial systems were characterised by fine grained
sediments during the earlier Holocene, formed primarily by overbank processes within silty braided
channels (Burrin & Scaife, 1984; Brown, 1987b), and not necessarily meandering systems. Many divided
channel systems (defined as anastomeosing river channels, ¢/ Smith, 1983) are evident in the Holocene
alluvial record but are rare or absent from Britain today (Burrin, 1985). Anastomosing systems consist of
multiple interconnected channels bordered by wetlands and floodbasins (Macklin & Needham, 1992) and
were common in many low gradient river valleys in south and east England, particularly during the mid-
Holocene period (e.g. Seale, 1979; Burrin & Scaife, 1984; Brown, 1987b; Limbrey & Robinson, 1988;
French et al., 1992). Such systems have also been identified in The Netherlands (Tomgvist, 1993a;

1993b) and Belgium (Kiden, 1991). Various authors (e.g. Smith, 1983; Miall, 1992) suggest that low

river gradients favoured the development of anastomosing fluvial systems, although clearly other factors
are equally important, since not all low gradient valleys are characterised by such multi-channel systems.
French et al. (1992) studied the Holocene anastomosing fluvial systems of the lower Welland and Nene
rivers 1n Cambridgeshire, and suggest that such systems are a reflection of the interaction between two
extrinsic factors. Firstly, the increase in local base levels associated with sea-level rise helped maintain

the dominance of vertical aggradation over lateral accretion, and secondly, the influx of clays and silts

provided cohesive stable banks, which inhibited lateral movement of the channel, and promoted the
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development of anastomosing systems (see Nanson & Young, 1981; Brown & Keough, 1992a; 1992b;

Térnqvist, 1993b).

Vegetation cover is also an important factor in determining channel style (Miall, 1992). Dense fen carr
vegetation on the floodplain (in particular Alnus carr) has been suggested as being a contributory factor 1n
promoting bank stability, thus maintaining anastomosing channel systems during the mid-Holocene, 1n the
Nene and Soar river valleys in the East Midlands valleys (Brown & Keough, 1992a, 1992b), the middle to
lower Trent valley (Knight & Howard, 1984; Howard et al., 1999), the middle reaches of the Thames at
Runnymede Bridge (Needham, 1992), the lower Severn (Brown, 1987b), and the rniver Gipping in Suffolk
(Rose et al., 1980). However, it may be very difficult to distinguish an anastomosed pattern in the

sedimentary record from successive single channel positions caused by periodic avulsion (Brown, 1987b;

Kiden, 1991).

A recent model of floodplain construction, the stable-bed, aggrading-banks hypothesis (SBAB),
applicable to the lower reaches of nver systems, has been proposed by Brown & Keough (1992a). This
model assumes that mid-Holocene vertical aggradation of the floodplain and channel margin, is related to
changing hydrological regime and an increase in fine sediment delivery. These conditions result in flat
floodplains with low gradients, and the development of cohesive clayey river banks inhibits lateral
channel migration. The theory is supported by stratigraphic evidence for limited reworking of floodplain
sediments within an anastomising fluvial regime, suggesting relatively stable channel networks.
Accretionary processes continue through overbank sediment diffusion (sensu Pizzuto, 1987), as long as
there 1s adequate supply of fine sediment and continued floods or rises in water level. This results in
relative channel incision due to increasing disequilibrium between the aggrading floodplain surface and
stable river bed, and an enlarged cross sectional area (cf. Brown, 1987b). Brown & Keough (1992a) note
that the processes that initiate such floodplain metamorphosis (i.e. rise in water tables, and increase in

sediment supply) can be explained in terms of both human activity and climate change (which may have

been an important secondary factor). The arguments in support of the relative importance of these causal

factors are discussed in section 2.3.4 below.
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2.3.4 The Climate Versus Human Activity Debate

There are two major schools of thought concerning the causes of Holocene floodplain development in
Britain and elsewhere (e.g. the Mediterranean, Vita-Finzi, 1965; 1975; Binthiff, 1975). One proposes that
climate is the main control and the other suggests human activity, although some authors have also stressed

the importance of local geomorphic conditions in explaining catchment history (e.g. Taylor & Lewin, 1996).

Zuener (1959) formulated a simple model whereby cold or dry periods are the principal cause of
aggradation (rivers removed exposed sediments in barren landscapes), and wet and warm phases are
associated with phases of erosion (vegetation colonisation hinders denudation, which restricts the
sediment supply, causing rivers to incise and erode deposits from the previous dry phase). However, this
model could only be applied to arid areas, away from the influence of changing sea level. Dury (1964;
1965; 1970; 1977; Dury et al., 1972) argued that valley sedimentation took place in response to stream
shrinkage caused by palaeohydrologic varnations, induced by climate change. However, subsequent

advances in geomorphology demonstrated the complex (often episodic) manner in which fluvial systems

can respond to environmental stimuli, often involving thresholds (Schumm, 1979).

There can be little doubt that climate is the major forcing factor underlying fluvial processes (Knox, 1995)

over Quaternary timescales. However, during the Holocene, although the role of climate change may be
important, the signal 1s less clear cut, and it is generally believed that human activity was the main agent
for change. Authors advocating anthropogenic activity as a hypothesis for explaining valley alluviation
have dominated the literature over the past two decades. Macklin & Needham (1992) attribute this bias to
the apparent small magnitude of climate change during the Holocene compared to earlier Quaternary
periods. Holocene climate change may be viewed as a contributory factor (Brown, 1988) but is often not
considered to have been of a significant magnitude to have affected the fluvial system (see reviews in Bell,
1982; Limbrey, 1983; Burrin & Scaife, 1988). The main physical features of many extant British valley
systems are ‘antecedent’ landforms, ‘inherited’ from the Pleistocene, which often have considerable
influence on later processes of floodplain formation (Brown, 1990; Croke & Nanson, 1991). These
morphological characteristics have remained relatively stable since the Pleistocene, giving the impression

that climate has been largely ineffective in reshaping the valley during the Holocene. Macklin &

Needham (1992) state that this has led to the assumption that fluvial systems have played a rather passive
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role in Postglacial alluviation in response to climate, and that significant changes in the nature and rate of

sedimentation coincided with, and were therefore to be attributed to, the expansion of human population

during the Holocene.

The 1mpact of prehistoric culture is seen as an 'unportant agent in both the cause and exacerbation of soil
erosion from the valley sides, and subsequent inwash onto the valley bottom (Brown, 1982). Hence, the
timing and magnitude of river sedimentation is often related to the scale, type and history of catchment
disturbance (Burrin & Scaife, 1984; Brown & Barber, 1985; Robinson & Lambrnick, 1984). Brown &
Barber (1985) have stressed the importance of catchment characteristics such as slope angle and so1l type

in influencing sediment yield and the timing of floodplain deposition.

The general principle of anthropogenically driven floodplain alluviation is simple. The clearance of

dryland woodland 1is likely to have caused a reduction in evapotranspiration rates, interception, and

infiltration, and an increase in surface run-off, which in turn gave rise to higher groundwater tables and
increased waterlogging of valley bottoms (Moore & Willmot, 1976). The consequence of this may be
enhanced valley floor peat formation, which has implications for the correct interpretation of peat
accumulation within valley fills, (stability or instability?, Scaife & Burrin, 1992). The increase in run-off
and stream flow 1s also likely to result in erratic flow rates and the increased likelihood of flooding
(Limbrey, 1978). The process of soil erosion is also facilitated by the loss of soil stability associated with

woodland destruction (Moore, 1985), which is also likely to lead to phases of minerogenic alluviation on

floodplains.

Floodplain studies by Scaife & Burrin (1983) and Burrin & Scaife (1984) stress the importance of
woodland clearance by Mesolithic populations in initiating soil erosion. This was cited as the reason for
increased colluvial inwash and sediment supply to valley bottoms, inducing alluviation at Sharpsbridge, in
the Sussex Ouse. They suggested that floodplain sedimentation occurred periodically, in relation to
intense phases of anthropogenic activity, interspersed with erosion phases. Similarly, Scaife & Burrin
(1985) consider that anthropogenic activity during the Neolithic period played an important role in the

development of the alluvial fill at Chiddingly in the adjacent Cuckmere valley. They suggest that the bulk

of the valley aggradation of the Sussex Ouse had taken place by the Bronze Age, and that there has been
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little floodplain development since (Burrin & Scaife, 1984). Scaife & Burrin (1987) and Burrin (1988)
investigated additional sites from the eastern Rother valley and were able to establish that prehistoric
human activity was widespread elsewhere in the High Weald, with erosion and floodplain alluviation

prominent from the Neolithic period (Burrin, 1985). Needham & Macklin (1992) also state that

alluviation had begun in most river valleys by ¢.4800 BP (¢.5700 to 5300 cal. yrs BP).

Other authors have identified similar phases of alluviation, but suggest that this sedimentation occurred
later, during the late-Bronze Age, Iron Age and Roman periods. These phases of floodplain construction,
dominated by minerogenic sediments, were also attributed to anthropogenic valley side clearance (e.g.
Limbrey, 1978; Shotton, 1978; Brown, 1983), and inferences were made as to the nature of the human

activities, such as expanding and changing agricultural practices (Burrin & Scaife, 1984; Buckland &

Sadler, 1985). The main reasons cited in most cases for the acceleration in alluviation during the mid- to

late-Holocene period are changing land-use due to an increase in agricultural utilisation of catchments,

which led to the increasing occurrence of floods, and erosive storms (Brown, 1997).

Brown (1987) and Barber & Twigger (1987) note that many sites in the Severn basin experience increased
alluviation during the late-Bronze Age/early-Iron Age period. In the Severn-Avon valley, Shotton (1978)

also suggests increased sedimentation between ¢.3100 and ¢.2600 BP (¢.3500 to ¢.2400 cal. yrs BP). This

i1s attributed to a change in agricultural practice (e.g. ploughing), which resulted in soil erosion, following

widespread deforestation, and was further substantiated by Brown (1983). Brown & Barber (1985) cite a
shift from pastoral to arable agriculture as the reason for the apparent acceleration in valley alluviation
between ¢.2900 and ¢.2300 BP (¢.3300 to ¢.2100 cal. yrs BP) in the Ripple Brook in the Upper Severn.

In a study of the alluvial history of the Severn around Welshpool, Taylor & Lewin (1996) attributed the
deposition of a sity alluvial umit (dated to 2850+60 BP, between 3148 and 2791 cal. yrs BP) as, in part, a

response to the human occupancy of the surrounding landscape. Brown et al. (1994) state that in the East

Midlands, all sites studied in the Soar and Nene valleys were undergoing alluviation by ¢.2500 BP (¢.2800

to ¢.2300 cal. yrs BP).

By the Iron Age there are further reports of valley sedimentation. In the Thames tributary valleys (e.g.

Windrush), Hazleden & Jarvis (1979) interpret fine grained floodplain deposits as a result of a rapid
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increase 1n local forest clearance and ploughed land. A date of 2660+85 BP (2938 to 22496 cal. yrs BP)
provides a terminus post quem for this phase of alluviation. Robinson (1992) and Lambrick (1992)
confirmed the earlier work by Robinson & Lambrick (1984) that alluviation, due to a rise in water table
and 1ncreased flooding in the Upper Thames valley, was particularly severe during the late Iron Age
(c.2400 BP, between ¢.2700 and ¢.2200 cal. yrs BP), and continued into the Roman period. Lambrick
(1992) establishes links between the palaeoecological record of vegetation disturbance from the Oxford
region (Day, 1991), and the alluviation phase, which is attributed to human interference with the
hydrological cycle through deforestation, rather than a climatic cause. A combined hypothesis of
anthropogenic activity and estuarine activity has been suggested as the causal mechanism in floodplain
evolution in the Combe Haven valley in East Sussex (Smyth, 1986; Jennings & Smyth, 1987; Smyth &

Jennings, 1988; 1990). Iron Age forest clearance, which released colluvial material enabling floodplain

development, has been held responsible for increased river discharge (reduced evapotranspiration and

increased run-off) and a subsequent marine incursion in to the lower course of the Combe Haven valley

(Jennings & Smyth, 1987).

Roman occupation has also been invoked as a cause of increased alluviation. Samuels & Buckland (1978)
and Buckland & Sadler (1985) suggest changing agricultural practices, during the late-Roman period are a
major factor in the enhanced erosion of soil and deposition of oxidised alluvium which buried the Roman
site at Sandtoft on the river Idle floodplain in the Humberhead Levels. Increased minerogenic
sedimentation has also been noted at this time from elsewhere in the Humber region; at Brough-on-
Humber (Wacher, 1969), North Ferriby (Buckland et al., 1990), the river Trent (Salisbury et al., 1984;
Riley et al., 1995), and from other areas such as the Sussex Ouse (Burrin & Scaife, 1984), and Fengate in
East Angha (Pryor, 1984); (although a radiocarbon chronology is lacking in most cases). Robinson &

Lambrick (1984) associate increased alluviation with the development of Roman villas and extensive

arable field systems in the Cotswolds.

Reviews by Bell (1982), Limbrey (1983), and Burrin & Scaife (1988) all consider that the diachronous
nature of floodplain alluviation excludes any climatic control. They concluded that climate change during

the Holocene was not of a sufficient magnitude to have significantly influenced fluvial sedimentation.

However, recent work has begun to suggest otherwise. Macklin et al. (1992a) explain the difference
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between the nature of early-, mid- and late-Holocene valley alluviation in the Tyne basin as a reflection of
the varniation in sediment supply (i.e. increased erosion and delivery of sediment to valley floors following
agricultural intensification from the Neolithic onwards). However, they suggest that the redistribution of
this material occurred during abrupt climate shifts characterised by major changes in flood frequency and
magnitude. Similarly, Passmore et al. (1992) suggest that vanations in the rate and nature of
sedimentation in the lower reaches of the Tyne coincide with rising sea level and periods of catchment
change during the early- to mid-Holocene, but that changes to the hydrological regime during the late-
Holocene are attributable to climatic deterioration (i.e. the Little Ice Age). Macklin & Lewin (1993)
acknowledge that anthropogenic ecosystem disturbances (e.g. agricultural practice and forest clearance)
are important in initiating soil erosion, which is the obvious precursor to accelerated floodplain
alluviation, but believe that the rates of sediment delivery to rivers, and the timing of valley floor
sedimentation, are related to climatic controls characterised by major changes in the magnitude and
frequency of storms and floods. Thus the combination of human and climatic factors may be important,
whereby human activities create the environmental instability, and climatic events are responsible for the

transportation and redistribution of the sediment (Macklin & Needham, 1992; Macklin & Lewin, 1993).

Macklin & Needham (1992) and Macklin & Lewin (1993) review all relevant literature concerning
Holocene river activity (archaeological, geomorphological, and palaeoecological) and note significant
regional and national patterns in sedimentation that apparently occur synchronously, which may suggest
climatic control. Macklin & Lewin (1993) present a frequency histogram showing the timing and duration
of sigmficant phases of Holocene river activity, which they use to evaluate the links between factors such
as climate, vegetation and land-use, and periods of alluviation. Three phases of river activity are
identified, which they consider to be relatively synchronous (Macklin & Lewin, 1993). The period
between ¢.8000 and ¢.5000 BP (c.9200 and ¢.5500 cal. yrs BP) was characterised by channel stability or
incision and a lack of alluviation. A significant change in fluvial activity is marked at ¢.5000 BP (¢.6000

to ¢.5500 cal. yrs BP) with alluviation recorded in most valley floors by ¢.4800 BP (¢.5700 to ¢.5300 cal.

yrs BP), but this phase slowed or had ceased by ¢.4200 BP (¢.5000 to ¢.4400 cal. yrs BP). Between
c.3800 and ¢.3300 BP (c.4400 and ¢.3300 cal. yrs BP) deposition of gravel and later fine grained alluvium

was widespread. Major alluviation phases also occurred between ¢.2800 and ¢.2400 BP (¢.3200 and

¢.2200 cal. yrs BP) in southern and parts of northen Britain, but the most important phases of river
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activity took place between ¢.2000 and ¢.1600 BP (¢.2300 and ¢.1300 cal. yrs BP) and ¢.1200 to ¢.800

BP (c.1300 to ¢.600 cal. yrs BP). Work by Brown (1988; 1990) and Macklin et al. (1991; 1992a) on the

pattern of alluviation and nver channel change also provides evidence in support of these phases of

sedimentation.

The frequency of dated British Holocene alluvial units and phases of Postglacial river activity identified
by Mackiin & Lewin (1993) correspond well with the timing of climatic discontinuities identified by
Wendland & Bryson (1974) in the USA, and with marked periods of hydroclimatological change in
Britain (Macklin et al., 1992a). Furthermore, there appear to be international correlations, with
simultaneous climate changes occurring in Scandinavia (Karlen, 1991), and similar alluvial discontinuities
in central and northern Europe (Becker & Schirmer, 1977; Starkel, 1991a; 1991b) and in the USA (Knox,
1983). Clear parallels in river history between countries and continents led Macklin & Lewin (1983) to

suggest that the widespread synchrony of fluvial events is a reflection of climatic control. Certainly, the

short history of land disturbance in the USA is more likely to imply that correlations there are driven by

climate (Knox, 1995).

Macklin et al. (1992a) suggest that anthropogenic and climate causes are not to be viewed as competing
hypotheses, but a continuum between two factors, each of which can exhibit a control on alluviation.
Furthermore, the broad synchrony in Holocene fluvial episodes leads Macklin & Lewin (1993) to suggest
that climate was the principal driving mechanism, with the degree and nature of the fluvial response

varying spatially because of catchment physiography and anthropogenic manipulations of vegetation.

They conclude that the British fluvial record is one that has been “climatically driven but culturally
blurred” (Macklin & Lewin, 1993, p 119). Tipping et al. (1999) consider this compromise an adequate

generalisation but question whether human activity is always of secondary importance to climate.

A closer and more critical inspection of the evidence by Brown (1997) reveals that the apparent
synchroneity of these fluvial events is not as clear cut as Macklin & Lewin (1993) suggest. For example,
major climatological and hydrological change occurred in northern Europe during the Bronze Age/Iron

Age transition (van Geel et al., 1996), between ¢.2600 and ¢.2300 BP (c.2900 and ¢.2100 cal. yrs BP)

which 1s not recorded in North America. In North America the nearest climatically induced period of
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fluvial activity 1dentified by Knox (1983) occurs between ¢.2000 and ¢.1800 BP (¢.2300 and ¢.1500 cal.
yrs BP). Such disparities are perhaps inevitable when attempts are made to relate regionally continuous
phases of alluviation to global climatic discontinuities. However, there are also methodological problems,
since some of the synchronous phases of fluvial activity may be a product of the clustering of radiocarbon
dates during phases of 4¢c overproduction (c.f. Bartlein et al., 1995; Van Geel et al., 1996), which may
give rise to false patterns and correlations. This 1s more pertinent to some Holocene periods than others
(e.g. Bronze Age/Iron Age transition, ¢f. Pilcher, 1991). Coincidental and spurious correlations may also

be attributable to the ‘suck in’ and ‘smear’ eftects described by Baillie (1991).

Brown (1997) notes that considering the number and duration of the many climatic and alluvial
discontinuities, 1t may be statistically improbable for such events not to overlap in some cases. Significant
lags may also exist in the response of the fluvial system which further complicate any attempt at
chronological correlation. The chronological model Macklin & Lewin (1993) propose is also open to

criticism because, as they admit, it only marks accretionary events and not periods of incision or erosion,

which appear as depositional hiatuses in the stratigraphic record.

Synchroneity remains the major test for climatic causation, but phases of alluviation in the British fluvial
record are seldom dated by more than one control (Tipping et al., 1999). Brown (1997) suggests that the
dating control used by Wendland & Bryson (1974) and adopted by Macklin & Lewin (1993) for

comparison 1S not truly independent of climate change. The basis of their climatic discontinuities come

from both radiocarbon dates from peats within alluvial units and ‘cultural’ dates, neither of which are
independent or direct evidence of climate change (Brown, 1997). A good source of data for testing the
anthropogenic/climate hypotheses (see Macklin er al., 1992a; Tipping et al., 1999) is changing peat
humification recorded mn raised peat bogs, which are dependent upon rainfall and sensitive to direct
changes in climate (Barber, 1981; 1982). Barber et al. (1994) develop a bog wetness curve (based on the

humification record) for the last 2000 years from a bog in Cumbria which has been transformed into a

proxy climate record using general linear modelling, which is highly correlated with known periods of

climate change.
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Despite these dating problems, parallels between the Holocene alluvial record of Britain and North
America do seem to exist, which Macklin & Lewin (1993) suggest reflect large scale (hemispheric)
atmospheric circulation patterns exerting a climatic control. Further support for the influence of
continental teleconnections has since been provided by Van Geel et al. (1996). There does seem to be
widespread agreement of a relative lack of alluviation and channel stability common to both Europe and
North America between ¢.8000 and ¢.5000 BP (¢.9200 and ¢.5500 cal. yrs BP), and to a certain extent
between ¢.5000 and ¢.4500 BP (¢.5500 and ¢.4900 cal. yrs BP, Knox, 1983; Starkel, 1991a; 1991b;
Macklin & Lewin, 1993). However, there are always dangers inherent in making such correlations, given
that temporal coincidence does not necessarily imply causality. Correlation of fluvial events with climatic

shifts on this basis alone must be viewed with caution (Brown, 1997).

Bell (1992) notes that a clear dichotomy has emerged between those who favour climate or human activity
as the responsible agency for fluvial change. This bias is partly due to personal preference but is also
perhaps a product of the fact that many studies take place in an archaeological context (Bell, 1992), in
which case any environmental disturbances are often simply attributed to the effects of land-use and
anthropogenic disturbance, rightly or wrongly. This debate has not stagnated progress in research, but
rather stimulated further analysis. Knox (1995) favours the climate change hypothesis but acknowledges
that climatic variables contribute strongly to a plethora of other multiple explanatory factors that influence
fluvial change, such as vegetation, tectonic and eustatic base-level, anthropogenic factors, intrinsic
thresholds, and geomorphic stability (c¢f. Patten & Schumm, 1981). However Gregory (1995) and Tipping

et al. (1999) still regard human activity as fundamental in interpreting the cause of change in fluvial

systems.
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2.3.5 Conclusions

It is obvious that there is not a simple relationship between climate, anthropogenic activity, hydrological
regime, and processes of floodplain construction (Burrin (1985). In reality chimate and human activity are
variables which are not truly independent of one another, because climatic events (such as non-random
decadal scale fluctuations in rainfall, Macklin et al., 1992b) are responsible for the transport and
redistribution of sediment (Macklin & Lewin, 1993), which may or may not have been mobilised by
human activity (Brown, 1997). Therefore it is difficult to draw firm conclusions concerning the relation
between climatic and cultural controls on Holocene fluvial activity. Brown & Quine (1999) suggest that

the key to which cause dominates is controlled by their relative magnitude and state of the system.

Floodplain deposits are a product of spatially variable interactions between people and physical factors,
such as climate change, ecological dynamics, and soil development (Brown, 1997), which operate over
different spatial and temporal scales. Climate is seen as being an unequivocal forcing factor influencing
floodplain development over long timescales (that span different glacial periods), but over shorter
timescales many other factors are important. Scale is an equally important consideration in this respect .

As Schumm & Lichty (1965) note, the status of the variables in process-response systems (i.e. the river

system) varies with the timescale of the operation.

Shennan (1992) explains how the sentiments associated with Schumm & Lichty’s model are also
applicable to studies of coastal zone evolution. The coastal system is dependent on the interaction of
global scale factors such as glacial/interglacial climate change, regional scale parameters such as glacio-
1sostasy, and local scale effects including coastal morphology, sediment type and supply, tidal regime,
meteorological conditions, river discharge, and vegetation dynamics. The inter-relationship of

sedimentation between river and coastal systems is central to the theories of floodplain evolution put
forward by Smyth (1986), Jennings & Smyth (1987), and Smyth & Jennings (1988; 1990), which are

testimony to the complex nature of the perimarine system, and the need for an holistic, multidisciplinary

approach to reconstructing such environments.

33



Part 1 Chapter 2 Floodplains and Sea-Level Change

2.4 Holocene Sea-Level Change

2.4.1 Introduction

The river and floodplain ecosystem can be regarded as a continuum from headwaters within upland

reaches of the catchment downstream to the sea (Brown, 1997). The perimarine zone therefore constitutes
an important link between the fluvial and coastal environment. As highlighted by Ashley & Renwick
(1983), the influence of sea level extends from the marine realm to the head of the tide, which can be
situated many kilometres inland within the fluvial system (Pizzuto & Rogers, 1992). In the Humber
Estuary, the tidal length is approximately 140 km on the River Ouse (Pethick, 1990), but this 1s an
artificial limit set by locks and weirs, so the natural extent of the tide would be even longer, and the effects
of sea-level change will be felt at least this far inland. Therefore, a record of Holocene sea-level change 1s

preserved not only in coastal sedimentary environments, but also in freshwater and brackish tidal rnivers

within the inner estuary, where increases and decreases in marine influence are reflected by changes in

vegetation community {Godwin & Godwin, 1933a).

The importance of sea-level change as an allogenic control on vegetation and sedimentation patterns in the
perimarine zone is clear (Behre, 1986). The following sections address the methodological aspects of

Holocene sea-level investigations, and highlight some of the complications associated with reconstructing

sea-level change from sediments in the perimarine zone.

2.4.2 Operational Definitions in Sea-Level Studies

The vertical extent of a tidal oscillation (tidal range) ranges between the lowest astronomical tide (LAT)

which occurs within the subtidal zone, to the highest astronomical tide (HAT) which is situated within the

supratidal zone, which is inundated only occasionally (see Table 2.1).

Mean tide level (MTL) is calculated from the mid-point of the tidal range, and may vary from mean sea-

level (MSL) if the tide is asymmetric. Because most tides in the world are asymmetrical, due to shallow

water distortion of the tidal wave, MSL actually occurs slightly above or below MTL. Jardine (1986) has
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pointed out that sea-level curves that are constructed using MSL are actually based on MTL. MSL for the ‘2'9

UK is referenced to the tide gauge at Newlyn, Cornwall, and is based on the average level of the sea
recorded between 1915 and 1921 (Jardine, 1986). For any given location, a tide level can be calculated,

ranging from the LAT, to the HAT, using Newlyn as the national reference.

Supratidal Zone

Highest Astronomical Tide
Mean High Water Spring Tide

Mean High Water Neap Tide

Mean Sea Level

Intertidal Zone
Mean Tide Level

Mean Low Water Neap Tide
Mean High Water Spring Tide

Lowest Astronomical Tide
Subtidal Zone

Table 2.1 Tide levels within the intertidal zone (adapted from Jardine, 1986)

The transition between fresh-terrestrial and brackish-marine (saltmarsh) environments occurs al
approximately the level of MHWST. Therefore, in terms of analysis of past sea-level change, MHWST is
ecologically the most important tide level because, unlike MSL indicators, microfossil assemblages occur
in and around MHWST that leave a long term record in sediments that allows this level to be identified in
the stratigraphic record. This is the most frequently adopted sea-level indicator used to reconstruct past

tide levels (Tooley, 1978a; Kidson & Heyworth, 1979; Kidson, 1986; Long, 1992; Shennan, 1992; Zong,

1992; 1997, 1998; Zong & Tooley, 1996; Zong & Horton, 1998; 1999).
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2.4.3 Terminology and Methodology of Holocene Sea-Level Studies

In the last few decades, advances have been made to avoid the ambiguous usage of the various terms used
to describe sea-level changes, to enable effective international comparison of data between researchers.
For instance, the terms ‘transgression’ and ‘regression’ have long been synonymous with sea-level studies,
but their inconsistent use, in different contexts, has led to confusion (Shennan, 1980; 1982; 1983a;
Tooley, 1982; 1985¢c). Shennan (1980; 1982) and Tooley (1982) develop strict operational definitions
that are now been widely adopted and applied in the recommended manner (e.g. Shennan, 1986a; 1986b;

Long, 1992; Plater & Shennan, 1992; Long & Innes, 1993; 1995). These are outlined below:

Transgression and regression are descriptive terms that are used to refer to a landward or seaward

migration of the coastline, due to any combination of factors. They should not be used as formal litho- or

biostratigraphic units.

Transgressive and regressive contacts are lithostratigraphic descriptive phrases that are used to define
the boundaries between marine-brackish and freshwater-terrestrial sediments at a single location. A
transgressive contact describes a change in lithology within a core from semi-terrestrial to a marine
deposit, and a regressive contact refers to the replacement of marine conditions by semi-terrestrial

sediments in a core. It is not appropriate to use these terms when sedimentary boundaries are disturbed or

eroded. Although such terms are most often used in conjunction with lithological expressions, a

biostratigraphic transgressive or regressive contact may be located from microfossil analyses. When such
a change 1s observed between a series of cores or along a section, the above terms are referred to as

transgressive and regressive overlaps.

The terms transgressive contact and overlap only describe a process, which may be associated with a
variety of factors. Their use does not imply any vertical change in sea level (which it may indeed reflect,
but this must be supported with additional evidence). For example, a rising sea level will not cause a
retreat in coastline if the rate of sedimentation is greater than the rate of sea-level rise (Wilks, 1979).

Similarly, shoreline advance may occur during periods when the rate of sea-level rise is accelerating, if the
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rate of terrigenous sediment supply (i.e. peat accumulation) exceeds the rate of sea-level rise (see

examples in Shennan et al., 1983; Gerrard et al., 1984).

The tendency of sea-level movement refers to the nature of the change in sea-level which may be
inferred from a single sea-level indicator. It describes whether the point records an increase or decrease in
water level or salinity (Shennan, 1983b). A tendency is interpreted as a reflection of the movement of
marine water towards or away from a site, but such movements do not necessarily equate with rises or
falls in relative sea level (Nelson et al., 1996). A positive sea-level tendency reflects an apparent
increase in marine influence and a negative tendency is the apparent decrease in proximity of marine
conditions. Tendencies of sea level are usually manifest as lithological or vegetational stratigraphic
changes, therefore transgressive contacts are commonly interpreted as indicating a positive tendency and

regressive contacts as periods of negative tendency. However, a study of biostratigraphic fossil

assemblages is required to confirm such lithostratigraphic interpretations.

Changes in microfossil assemblages within a homogeneous lithostratigraphic unit may also mark a
tendency. For example, changes in diatom zones indicative of a shift from MHWST to HAT within
saltmarsh sediments provides evidence for a negative sea-level tendency (Zong, 1997; 1998). Ths
approach, in addition to the traditional use of transgressive and regressive contacts, can provide additional
information concerning sea-level changes (Zong, 1997; 1998). A positive tendency may be first recorded
several centimetres below a transgressive contact, possibly in biostratigraphic evidence, or a gradual
increase in salinity and/or water depth (Long, 1992; Nelson et al., 1996). A freshening of the depositional
environment within a minerogenic unit (Jordan, 1987) or within a clastic unit below a regressive contact

may reveal the onset of a negative tendency which may then continue across the contact into the overlying
unit (Smith et al., 1981; Shennan et al., 1995a). The biostratigraphic record of positive or negative

tendencies within and/or across boundaries of dated units allows rates and the direction of changes in

water depth and salinity to be estimated (Nelson et al., 1996).

The correlation of tendencies from a number of sites in a region through radiocarbon dating of index

points can help establish the dominant tendency during particular time periods (Shennan et al., 1983;

Shennan, 1986a; 1986b; Long, 1992). The consistent application of this methodology can then be used to
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establish the importance of local and regional factors in determining the relative sea level chronology of

an area (Shennan, 1983b; 1992; Shennan et al., 1983).

2.4.4 Determination of Former Sea Levels

Sea-level investigations rely on the collection and analysis of Sea-Level Index Points (SLIPs). A sea-
level indicator is a sample which may be used to indicate a past sea level. However, a sea-level indicator
only becomes a SLIP when certain criteria are met, and only then can the sample be used to establish a fix

on a past sea level. A SLIP, must comprise four components:

e A known geographical location
e A known age

e A known altitude that can be related to a former sea level (i.e. indicative meaning and range)

e A known sea-level tendency

Various lithostratigraphical and biostratigraphical techniques can be employed as sea-level indicators.
Detailed stratigraphic descriptions of transgressive and regressive overlaps can enable basic mapping of
coastline palaeogeography (Shennan, 1994; Waller, 1994d), and the analysis of microfossils (such as
diatoms, foraminifera, and pollen) provide the precise environmental information necessary for the
accurate identification of SLIPs. For exampie, the proximity of marine conditions is often indicated by
the occurrence of saltmarsh associated pollen types within an assemblage, such as Chenopodiaceae,
Poaceae, Plantago maritima, Glaux maritima, Armeria maritima, Limonium, Artemisia-type and certain

members of the Asteraceae family. The presence of a combination of these pollen types is characteristic

of transgressive and regressive contacts.

To enable the construction of a sea-level graph showing age/altitude information, the SLIP must have an
indicative meaning. The indicative meaning of an index point describes the altitudinal relationship
between the local depositional environment in which the sample accumulated and a contemporaneous
reference water level (Shennan, 1982; 1986b; Shennan et al., 1994; van de Plassche, 1986; Horton,
1997). The reference tide level assigned to transgressive and regressive contacts is usually taken to

approximate MHWST (Tooley, 1978a), although see Godwin (1940), Heyworth & Kidson (1982), and
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Shennan (1986b) for alternatives. For example, Godwin (1940) suggests that the transition from
reedswamp to fen wood peat will occur at MHWST in a coastal fen, but in a backwater area, local

groundwater may be the controlling factor which may be around MTL (Shennan, 1986b).

In addition to this uncertainty, the reference tide level may not be constant, and therefore an indicative
range must be incorporated into any interpretation. This accounts for the uncertainty regarding the
accuracy of the tide level to which the index point is referenced. Errors are most likely on coasts with
large tidal ranges, or where there are significant spatial variations in tidal level, for example in estuaries
(Kidson, 1982; 1986; Shennan, 1986b). Shennan (1986b) suggests that the indicative range can be
reduced by dating the level at which microfossil and stratigraphic evidence exhibits a change in
sedimentary environment. Therefore, the indicative meaning can vary according to the type of

stratigraphic evidence, and is expressed in terms of an indicative range (typically, vertical ranges for
transgressive/regressive contacts are ¢.0.20m (Shennan, 1982), and a reference water level to which the

assemblage is assigned (e.g. MHWST, MTL, HAT, etc., van de Plassche, 1986).

Shennan (1982; 1986b) determines the reference water levels and indicative ranges for a varety
depositional contexts and suggests some correction factors. For example, where a Phragmites peat occurs
directly above a fen wood deposit, the reference water level is assigned to MHWST-10 cm with a vertical
indicative range of 20 cm. The accurate determination of the indicative meaning of coastal samples is
hindered by the lack of information on the contemporary relationships between tide levels and the
succession of coastal plant communities which lead to the formation of transgressive or regressive
overlaps of peat and clay beds (Tooley, 1978a). The indicative meaning of indicators within a saltmarsh
sequence are also complicated by ecological and habitat processes (Allen, 1990a; 1990b). However,
recent work on contemporary coastal zonation of diatoms, foraminifera, testate amoebae, and pollen will
enable a more precise quantification of the indicative meaning of such samples (Gehrels, 1994; Shennan et

al., 1995b; 1996; 1998, Haslett et al., 1997; Charman et al., 1998; Horton, 1997; Horton et al., 1999a;

1999b; in press; Zong and Horton, 1998, 1999).

SLIPs can potentially be produced from a wide variety of palacoenvironmental data including

archaeological evidence (Louwe Kooijmans, 1980; Flemming & Webb, 1986; Devoy, 1990; Fulford et
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al., 1997) and morphological features such as raised beaches (Sissons & Dawson, 1981; Smith & Dawson,
1983; Firth, 1989) and marine notches (Pirazzoli, 1986). By far the most common type of sea-level index
point used in the analysis of sea-level change in North-west Europe (and are used in this study) are
transgressive and regressive contacts, identified from bio- and lithostratigraphic changes in boreholes,
marking distinct environmental and lithological changes between fresh terrestrial and marine littoral

deposits (Tooley, 1978a; Devoy, 1979; 1982; Shennan, 1986a; 1986b; Long, 1992; Long & Innes, 1993;

1995; Zong & Tooley, 1996).

2.4.5 Controls on Sea-Level

Regional sea-level changes at a site are a product of the interplay between various long- and short-term
controls on coastal evolution (Long & Roberts, 1997). The long-term controls identified by Fairbridge
(1961) can include oceanic (or ‘eustatic’) variables (1,11,i11 below) which control the global volume of

water in the oceans and crustal variables (1v,v below) and are defined below following Mérner (1980;

1987):

i) Glacio-eustasy. This includes changes in ocean volume caused by the build-up and decay of land-

based ice masses.

ii) Geoidal-eustasy. This is the change in distribution of ocean water due to differential gravitational

attraction over the surface of the earth associated with planetary forces, and the uneven distribution of

matenials of different density within the crust and mantle of the earth.

iii) Tectono-eustasy. This is sea-level change as a result of long-term changes in the size of ocean basin

size associated with ocean ridge spreading and tectonic uplift.
iv) Glacio-isostasy. This is associated with crustal movements due to ice loading and unloading.

V) Hydro-isostasy. This 1s sea-level change associated with crustal movements due to water

loading and unloading effects.

Shorter term local to regional changes in sea-level are caused by a combination of oceanographic,

meteorological, hydrological, and sedimentological factors such as changes in tidal regime, ocean
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temperature and currents, air pressure and wind, river discharge, sediment supply, and vegetation patterns

(Tooley, 1985b; Long & Roberts, 1997). Changes in weather such as air pressure can affect the geodetic

sea level by up to 2 m (Momer, 1981) and exceptional storm conditions can raise sea water levels by over

3 m (Rossiter, 1962; Kidson, 1982).

Recognition of these controlling factors, which are not only spatially and temporally variable but difficult

to quantify accurately, lead to objections to a single globally valid sea-level curve (Tooley, 1985¢). The
concept of ‘global eustasy’ has been questioned and discredited by Mérner (1976), who drew attention to
geoidal deformation. He subsequently redefined eustasy as ocean-level changes, irrespective of cause,
which are determined by climate, earth movements, and gravity (Morner, 1980). The geoid can be
defined as the surface of the constant geopotential (combined potential of the gravitational attraction and

rotational acceleration of the earth) which, over the seas, coincides with MSL (Morner, 1976). The
geodetic sea-level or equipotential surface of the geoid has been shown to be unstable in both space and

time, and possesses an irregular configuration, with swells and depressions with a maximum calculated

range of 180 m at any one time (Mdrner, 1976).

2.4.6 Interpretation of Former Sea-Levels

The Coastal Zone

Two established methods of studying former sea-levels are time/altitude analysis and tendency graphs.
The first method provides information on the former altitude of sea-level (e.g. Godwin, 1940, Fairbridge,
1961; Tooley, 1978a; 1978b; Devoy, 1979; 1982) and the SLIPs used must possess all four attributes
listed 1n section 2.4.4. Tendency analysis provides information on the timing of increases or decreases in

marine influence, and is based solely on the age and tendency of the index points (Morrison, 1976;

Shennan et al., 1983; Long 1992).

The data used for the construction of sea-level curves in north-western Europe are similar but their
interpretations differ (Tooley, 1978b). Many stratigraphic sequences record alternating marine inorganic
and semi-terrestrial organic deposits but the extent to which the changes between these types of deposit
represent distinct oscillations in sea-level is debatable. The construction of time/altitude diagrams,
showing a single line sea-level curve, resulted in polarisation and two opposing views as to the nature of
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sea-level recovery during the Postglacial period. Some researchers accepted the ideas of Fairbridge
(1961), who proposed that Holocene sea-level rise was characterised by a series of transgressions
separated by regressive phases which could be linked with fluctuations in climate (Morner, 1969, Ters,
1973; Tooley, 1974; 1976; 1978a; 1978b; 1979; Devoy, 1979). While they accept that some of the

alternations between peat and marine clays may be explained by local site morphological characteristics,

such as the breaching of coastal barriers, they interpret the intercalating layers of sediments as reflecting

actual changes in sea level.

Other researchers suggest sea-level recovery took the form of a smooth exponentially rising curve
(Jelgersma, 1961; 1966, Shepard, 1963; Hawkins, 1971; 1972; Kidson & Heyworth, 1973; 1976; 1978;
1979; Kidson, 1977). They interpret alternations in sediment stratigraphy in terms of local geomorphic
changes and/or consequences of differential rates of sea-level rise, sedimentation and isostatic rebound

(see Kidson, 1977; Heyworth, 1978). For instance, Godwin (1956) interpreted the thicker marine clays

found on the coastal fringes of the Somerset Levels in terms of a renewed transgression in the late-
Holocene (Romano-British transgression). However, Kidson & Heyworth (1978) suggest these deposits
were explained by the cumulative effects of occasional high sea levels caused by increased frequency of

large storm surges and long periods of high tides. Beckett & Hibbert (1979) suggest, that such

explanations are too generalised.

Jelgersma (1966) rejects oscillating sea-level curves on the basis of inadequacy and insufficiency of the
data. Tooley (1978a) acknowledges the presence of minor oscillations in his North-west England sea-
level curve, but proposes that these low amplitude fluctuations reflected local factors such as sediment
compaction, and that high amplitude oscillations were primarily eustatic in origin. There is now a
growing body of evidence from subsequent coastal investigations in the Mersey Basin of the existence of
former sand dunes, forming a discontinuous coastal bérrier during the md-Holocene, behind which many
of the deposits dated by Tooley (1974, 1976, 1978a, 1978b, 1980) were laid down (Plater et al., 1999).
The original findings of Tooley, whilst remaining the definitive work for the area, have been revised in the

light of this evidence, and the evidence for an oscillating sea-level is equivocal (Huddart, 1992; Plater et

al., 1999).
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Recent theoretical and methodological advances in sea-level studies have largely dispelled the earlier

debate on smooth or oscillating sea-levels (Devoy, 1982; Heyworth & Kidson, 1982; Shennan, 1982;
Tooley, 1982). Little progress was made as this debate ensued, and the controversy stagnated sea-level
research. Shennan (1982) believed the way forward was to develop a standard methodology for litho- and
biostratigraphical ana_lysis of sea-level data and produced a flow diagram of research methods based upon
continual assessment of errors (Shennan, 1983b). It was realised that significant errors were incorporated

in the calculation of vertical and horizontal components of SLIPs, which meant that sea-level curves based

on a single line gave a misleading impression of precision (Kidson, 1982, Shennan, 1982, Heyworth &
Kidson, 1982). Shennan (1982) has estimated the magnitude of errors affecting the measured altitude of
stratigraphic boundaries based on data from the Fenland. Altitudinal errors included the identification and
measurement of the height of the stratigraphic boundary; levelling to the benchmark and its accuracy to
OD, and non-vertical sampling. Long (1992) has assumed vertical errors of + 1 m for each data point,

designed to approximate altitudinal errors caused by post-depositional compaction, as well as errors
involved in sampling and levelling. In addition, the age estimates of SLIPs have errors associated with
them, such as the calibrated '*C age standard deviations error, counting error set by the laboratory, and

non-counting errors such as contamination.

Other errors concern the indicative meaning of the sample due to a lack of information concerning the
uncertainty surrounding the relationship between sea level and contemporary plant communities (Tooley,
19782). Modern data are lacking due to the effects of drainage, construction of sea-defences, and

industrial development of saltmarsh areas. Extensive alteration of coastal areas has largely destroyed the
saltmarsh to fen transitional environment (although see Ranwell, 1974). The assumption that tidal range

has not changed through time is a further simplification.

An appreciation of these uncertainties resulted in the plotting of error boxes (Kidson & Heyworth, 1979;
Stretf, 1979, Devoy, 1982; Shennan, 1982; Tooley, 1982) or ellipses (Heyworth & Kidson, 1982 ). This
permits the identification of only a broad sea-level band and it is therefore not possible to elucidate minor

or individual fluctuations in sea level. Shennan et al. (1983) note it is difficult to evaluate the accuracy of

chronological correlation schemes based on a comparison of sea-level curves from a broad sea-level band.

For example, two SLIPs, one transgressive and the other regressive from the same borehole, separated by
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20 cm of marine clay, will have error boxes that greatly overlap. When such SLIPs are plotted on a graph

in a band, they will be hidden within the general trend and will not indicate their differing tendencies.

An alternative approach i1s tendency analysis which i1s based on direct investigation of the timing of

changes in marine influence (Morrison, 1976; Shennan, 1983b). Shennan (1980) suggests the
construction of local sea-level chronologies based on the tendency concept to overcome the problems
associated with time/altitude analysis. This method utilises only the age and tendency of index points,
ignoring altitude altogether (Roeleveld, 1974; Griede, 1978). Tendencies provide an objective framework
for the correlation of regional sea-level chronologies between rising and subsiding areas (Shennan, 1982;
1986b; Tooley, 1982; Long, 1992) and also allow the application of statistical techniques to sea-level
studies (Shennan et al., 1983). The method also relies on the consistent definition of the terms
transgression and regression. The relationship between transgressive and regressive overlaps and former
sea-levels has been questioned by Godwin (1975a), Tooley (1978a), and Long (1991). For example, a
change 1n tendency of sca-level movement from negative to positive will take place within the organic
sediments and the actual lithological change from semi-terrestrial to a marine or brackish deposit will be a
point within the continuous process of a positive tendency (Long, 1991; Long & Shennan, 1994). This
highlights the importance of microfossil analyses in identifying the onset of sea-level tendencies, which do
not always coincide with lithological boundaries. Extensive collection of corroborating data is needed to
confirm the meaning of a particular sea-level indicator. Also, unless the method of definition is clearly
stated, then the correlation between sites and regions is meaningless. This is particularly important as the

great advantage of the tendency approach is that it can incorporate a range of SLIPs from a variety of

palacoenvironments, thus increasing the scope of sea-level investigations.
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The Perimarine Zone

Although sea-level change is likely to be the major allogenic factor influencing vegetation change on
perimarine floodplains, the relationship between the water table in the perimarine zone and sea level is not
at all clear (see Tooley, 1978a; van de Plassche, 1982; Berendsen, 1984a; 1984b; van Dijk et al., 1991;
Pons, 1992; Torngvist, 1993a; Kiden, 1995; Vos & van Heeringen, 1997). Tooley’s (1978) reservations
have been confirmed by research into the Rhine-Meuse system in the Dutch perimarine area. The
variation in height of basal peats used for the construction of early sea-level curves in this area (Jelgersma,

1961; 1966) were imitially thought to be related to differences in tidal range or tectonic subsidence.

However, van de Plassche (1980; 1982) has shown that basal peat formation there is mainly governed by
local hydrological conditions and challenges the validity of sea-level curves based on such criteria (e.g.
Jelgersma, 1961). The use of basal peat samples for the analysis of age-altitude trends in sea level 1s
problematic where groundwater induced peat growth occurs above contemporancous sea level (Pons,
1992; Kiden, 1995; Vos & van Heeningen, 1997). The altitudinal position of stratigraphic contacts in the

perimarine area is also affected by tidal irregularities associated with their inland location (see section

2.4.7).

The simple relationship between trangressive and regressive phases, and synchronous deposition of
alternating layers of clastic and organic sediment, in the perimarine zone of The Netherlands (Hageman,
1969) has been disproved (Berendsen, 1984a; 1984b; 1993; 1995; Torngvist, 1993a, see section 1.1).
The relationship between sea-level change, sedimentation, vegetation systems, and fluvial activity in the
perimarine zone can be complex (Berendsen, 1984a; Tornqvist, 1993a) and are, in part at least, related to
the groundwater conditions. Groundwater levels are a function of a large number of factors, such as tidal
range, river gradient, permeability of subsurface sediments (seepage), coastal morphology, size of

sediment units, precipitation, and drainage, which can lead to irregularities over short distances, and can

also be variable over time (Tornqvist, 1993a).

Further complications arise when attempting to assign a reference water level to the dated sample which
can vary from MTL, through MHW to MHWST (Godwin, 1940; Kidson & Heyworth, 1979; van de

Plassche, 1980; 1982; Shennan, 1982; 1986b; 1987). Shennan (1994) also points out that the inception of

peat growth itself can influence the local groundwater conditions.
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2.4.7 The Floodbasin and River Gradient-Effect

Van de Plassche (1980; 1982) has observed that some sea-level index points collected from tidally
influenced river valleys within the Dutch perimarine area do not plot within the expected band depicting
coastal MHW (Jelgersma, 1961; 1966; 1979; Louwe Kooijmans, 1974; van de Plassche, 1980). In fact,
the data collected from peats formed on ‘donken’ (buried river dunes and levees) converge with the MSL
curve in an irregular manner. The fact that peat growth on the donken has occurred under strong influence
of river water was thought to be indicated by the peat composition (fen wood) which suggests formation 1n
eutrophic freshwater environments. However, it is clear that local MHW level curves do not always plot

at the same level as coastal MHW curves (Kiden, 1989).

The data points from the donken in the Brandwijk and Brandrecht area of the Rhine-Meuse delta plot
above the curve for MSL due to the presence of a river gradient-effect. Due to the distinct seaward
slope characteristic of rivers in the early to mid-Holocene, MHW and other tidal levels tend to be raised in
an upstream direction. Louwe Kootijmans (1974) called this the river gradient-effect. Hageman (1969)
suggests that this effect is less marked before ¢.5000 BP (¢.6000 to ¢.5500 cal. yrs BP), because the rivers
were forced to deposit much of their load upstream, which caused a tendency for the gradient to maintain
itself. Therefore, the greater the distance from the coast, the greater the river gradient-effect. Van de
Plassche (1980) depicts this effect schematically (see Figure 2.2). Figure 2.2a illustrates the progressive
decrease in river gradient with time as a result of the rising sea-level and simultaneous raising of the river
bed due to fluvial deposition. As river gradients level off towards the mid to late-Holocene, the data

collected from river valleys in the perimarine area gradually converge with the MSL curve (Figure 2.2b).
Van de Plassche (1980) calls this a gradient-effect reduction curve. A similar pattern of convergence of

water levels in the Holocene between the outer and inner Thames estuary is also evident (Devoy, 1979).
In a funnel-shaped estuary, tidal amplitude often rises landward anyway, due to confinement of the tidal

wave as it progresses up estuary. This has been termed the estuary effect by Fairbridge (1961).
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Figure 2.2; a) Illustrates the river gradient effect associated with the lower reaches
of river valleys in the perimarine area; b) shows the decrease in river gradient

effect over time as a result of estuarine infilling, (Adapted from van de Plassche,

1980). See text for full explanation.

Conversely, some samples from Brandrecht and Brandwijk plot below the contemporaneous coastal
MHW curve.- Jelgersma (1980) accepted that, since ¢.4800 BP (¢.5700 to ¢.5300 cal. yrs BP), the mean

tidal range along the mid-western Netherlands coast has not changed significantly (although see Roep &
Beets, 1988 for more recent evidence to the contrary), so this effect could only be ascribed to the
reduction in tidal amplitude as the tidal wave moves inland (van de Plassche, 1984). Van de Plassche

(1980) attributes this to frictional dissipation of energy caused when the tidal wave moves into a lagoon or
wide estuary. This phenomenon has been termed the floodbasin effect (Van Veen, 1950; Zonneveld,
1959). This refers to the reduction in the tidal amplitude and lowering of local MHW caused by strong
frictional dissipation of tidal energy at the water-bed interface (Allen et al, 1980) and/or the increase in
storage capacity of storage basins and lagoons within estuaries, which can absorb part of the flood volume

entering (that part of) the estuary (van de Plassche, 1980; Kiden 1989). This effect is shown

schematically in Figure 2.3. Van de Plassche (1984) has even observed the coexistence of a steep river

gradient-effect in a reach and a floodbasin effect downstream of that reach.
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Figure 2.3; a) Illustration of the rise of MHW up an estuary with no floodbasin
effect, and b) a marked floodbasin effect. Adapted from van de Plassche (1980).

See text for full explanation.

Van Dijk et al. (1991) have evaluated the general trend of Holocene water-level changes in the Rhine-
Meuse delta and attempted further explanations for the irregularities in evolution of this trend using a
relatively large number (45) of '*C dates. The plot of isochrones of peat formation on river dune sand
shows a distinct knick-point with a sea-level dominated downstream part and river gradient dominated
upstream part (van Dijk et al., 1991). All curves converge upon MSL which is consistent with a gradually
decreasing river gradient-effect (van de Plassche, 1980; 1982). Compared to an adjusted MSL curve, the
water level curves from the downstream area show slight gradients that are more closely related to MSL

than MHW which confirms the reduction of tidal amplitude inland caused by the floodbasin effect.

The presence of these effects has been noted elsewhere along the south-western North Sea coast. In

Belgium, Kiden (1989; 1991) notes a significant floodbasin effect in the perimarine area of the River
Schelde near the Dutch-Belgian border from ¢.4500BP (¢.5500 to ¢.4900 cal. yrs BP). He ascribes a later

rise in MHW level, and upstream penetration of tidal conditions, as the result of a decreasing floodbasin
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effect in the late-Holocene. Elsewhere on the Belgian coastal plain, no pronounced river gradient-effect is

noticeable, but rather a lowering of tide levels with increasing distance from the sea (Denys & Baeteman,

1995) is inferred.

Studies of the inner Severn estuary by Hewlett & Birnie (1996) note that the contact between the extensive
floodplain peat and overlying clay decreases in altitude inland and not seawards as would be expected
with a river gradient-effect. Detailed palacoecological analyses of the sediments suggest that a rise 1n
water table began after ¢.3100 BP (¢.3500 to ¢.3000 cal. yrs BP) as a result of rising relative sea level,
which allowed sediment-charged tidal waters to penetrate inland and inundate the former wetlands
forming extensive pools of standing water. The lowering of the tide height due to the expansion of the

tide into a series of floodbasins is suggested as the reason for the decrease in contact height inland

(Hewlett & Birnie, 1996). This floodbasin hypothesis may also account for the fairly sharp sedimentary

contact over this horizon due to sudden flooding upon breach of a threshold.

2.5 Summary

The background to the processes affecting floodplain development has been presented. Sea level 1s a
major control on groundwater level and paludification within coastal river valleys. Therefore analysis of
the litho- and biostratigraphic record of sediments within perimarine environments can potentially provide
sea-level indicators which extend the effective area for sea-level studies (Tooley, 1986). Similarly, the
collection and evaluation of data from such transitional environments can provide information on the
importance of catchment processes in the evolution of the fluvial system. Former penods of fluvial
activity or sea-level change may be examined with reference to transitions between floodplain fen peats
and brackish estuarine sedimentation, although relationships are not always precise. For example,
variations in past tidal regimes, wave climates, and sediment supply mean that alternations between
terrigenous organic deposits and estuarine sediments are not always indicative of sea-level change.

Within coastal valley systems there are further complications for determining former altitudes of river or

sea-level due to the river gradient and floodbasin effects (van de Plassche, 1980, 1982).
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Chapter 3 The Study Area

3.1 Introduction

This chapter introduces the geographical setting of the three principal study areas. The geological
background of the region is summarised, followed by an account of the late-Quaternary evolution of the

Humberhead Levels and Vale of York area. This is based on the conceptual model of Postglacial

landscape development proposed by Gaunt et al. (1971). This is important because processes acting on
the landscape during this period were influential in shaping the landforms and creating the physical valley
characteristics evident in the present topography. A brief summary of the available information regarding
the Holocene palacoenvironmental history of the area before this investigation is presented. The physical

aspects of the Humber estuary are given, and the sediment supply discussed. The history of attempts at

land drainage are briefly considered, in addition to modern factors such as land-use, soils, and climate.

3.2 Site Location and Description

The sites under investigation lie within the lower tract of the rivers Aire and Ouse in Yorkshire (Figure
3.1). The Ouse begins north of York, beyond the confluence of the rivers Swale, Ure and Nidd, which
drain the western Pennines. It flows down the Vale of York, where it usurps the rivers Wharfe, Derwent
and Aire, before entering the Humber at Goole. The headwaters of the river Aire occur in the central
Pennines. It onginates near Malham in the southern Yorkshire Dales, passes through Leeds and

Castleford, and continues eastwards towards the lowland catchment, where it combines with the Quse to

form the eastern extent of the inner Humber estuary.
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Figure 3.1 Location map of the study area within Britain and the Humber region,

showing the position of the borehole transects.
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The current study investigates a reach from close to the tidal limit of the Aire at Hirst Courtney, to the
Ouse at Airmyn (Figure 3.1). Detailed analysis has concentrated on three sites, named after villages,
farms, or other landmarks in the immediate vicinity of the study area. The sites at Hirst Courtney village
(OS Gnd Reference, SE605245), and Eskamhorn (SE670230), east of Rawcliffe, lie within the floodplain
of the river Aire, whilst the site at Hook Lane (SE7352550) is situated within the floodplain of the river

Ouse north of Goole, downstream of the confluence with the Aire at Airmyn (Figure 3.1). A long transect
of cores has been undertaken down the length of the Aire floodplain, past Rawcliffe and Airmyn, linking

Eskamhorn with Hook Lane. Although the study reach impinges on the Ouse floodplain, the study area is

referred to as the lower Aire valley hereafter.

For the administrative purposes of the HWP, the Humber area has been divided into wetland regions

(Figure 3.2). The sites investigated in this study broadly lie within the southern-most tract of the Vale of
York, and the northern limits of the Humberhead Levels (Figure 3.2), and form the arbitrary boundary
between these two geographical areas (Van de Noort & Davies, 1993). Detail is given to the sequence of

environmental changes within these two genenc areas during the late-Quaternary period in section 3.4 and

3.5 below.
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Figure 3.2 Location of the wetland regions in the Humber Basin (according to Van

de Noort & Davies, 1993) and the principal palaeoenvironmental sites mentioned

in the text.
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3.3 Geology

Much of the solid geology that underlies the study area (Figure 3.3) comprises north-south trending bands

of Triassic Sherwood Sandstone (formerly known as Bunter Sandstone), which overlie Upper Magnesian
Limestones and Upper Permian Marls in the western margin of the area (Kent & Gaunt, 1980; Gaunt,
1994). Along the lower Ouse east of Goole, and in the eastern Humberhead levels, Triassic Mercia
Mudstones (formerly known as Keuper Marls) overlie the Sherwood Sandstone (Gaunt, 1994). Between
the lower Trent and Ancholme valleys, the Triassic strata are overlain by Jurassic marls, limestones,

sandstones and clays, and form the Lincoln edge (Ellis, 1998). In the east of the Humber estuary the

Jurassic strata are overlain by, Liassic Oolitic Limestones and Cretaceous Chalk.

The Humber is divided by the narrows of the Humber Gap, where the estuary cuts through the chalk
escarpment of the Yorkshire and Lincolnshire Wolds (Figure 3.2). Throughout much of the area however,
this bedrock is coated with a veneer of much younger Quaternary drift deposits (see Figure 3.5 and 3.6),
relating mainly to the Devensian glaciation and subsequent Holocene epoch (Ellis, 1997). There are some
outcrops of pre-Devensian deposits within the study area which are probably remnants of the Ipswichian

interglacial or Anglian glacial period (Ellis, 1997). The ongins of these sands and gravels are considered

in the next section.
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Figure 3.3 The solid geology of the Humber basin (based on Kent & Gaunt, 1980

and Gaunt, 1994).
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3.4 Quaternary Landscape Development

There are no early-Quaternary deposits in existence in the Humber basin. Gaunt (1994) states that there
are deposits originating from mainly the last three stages of the Quaternary (the Ipswichian, Devensian,
and Holocene), and also an older pre-Ipswichian glacial period (probably the Anglian). The evolution of

the Humberhead Levels and southern Vale of York during this time period is summarised here.

The occurrence of clay till containing erratics (and other denuded fluvioglacial, and sub-glacial channel
sand and gravel deposits, deeply incised into bedrock) within the Vale of York, Doncaster area, and
elsewhere, 1s thought to be remnant of the deglacial phase of a pre-Ipswichian cold stage (Gaunt, 1994).
Such deposits occur locally, overlain by river terrace deposits containing fossils of known Ipswichian age

(c.130 to 10 ka yr BP), which suggests they belong to an earlier glacial period (Gaunt, 1994). This glacial

period has been provisionally correlated with deposits of Anglian age (¢.480 to 430 ka yr BP) east of the

Lincolnshire Wolds by Gaunt et al. (1992).

The margins of the river Aire floodplain west of the study area are delineated by the Snaith ridge which
occasionally outcrops at the surface of the floodplain between Hensall and Snaith (see Figure 3.5). This
ridge is comprised of Sherwood Sandstone running in a south-easterly direction, but is covered by ¢.5 m
of sand (often clasts of weathered Carboniferous Sandstone) and gravel with some silt, clay and abundant
coal particles, eroded from coal measures to the west. These deposits are thought to be of fluvioglacial
origin, and associated with the pre-Ipswichian glacial phase mentioned above (Gaunt, 1994). Processes
operating upon deglaciation reworked these sediments into terrace-like features which are of Ipswichian or
early-Devensian age, and buried in most localities by thick late-Devensian deposits (Gaunt, 1994). A

buried extension of the Snaith ridge runs under Rawcliffe station towards Goole (Gaunt, 1994) at the

southern margin of the study site.

Fluvial deposits of Ipswichian age occur throughout the Humberhead Levels and Vale of York region,
consisting of sand, clay and gravel, and are fossiliferous. Plant and wood remains have been recorded,

with high frequencies of Carpinus among the pollen types preserved, indicating a temperate Ipswichian
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climate (Jones & Keen, 1993; Gaunt, 1994). These lithostratigraphical units have been formally named as

‘older river gravel’ (Gaunt, 1994) and form extensive spreads and terrace-like features, for instance, where

the river Aire enters the Vale of York near Knottingley.

The vast majority of sediments extant within the Humber basin have a Devensian origin. Evidence from
marine records suggest that this last cold stage started ¢.120000 years ago, and lasted until ¢.10000 BP
(¢.12300 to ¢.10600 cal. yrs BP, Imbrie et al., 1984). Major ice sheets formed in northern Britain during
this time but the main phase of glacier expansion took place during the late-Devensian, after ¢.25000 BP
(Bowen et al., 1986). Gaunt (1994) states that there are few, if any, Devensian deposits older than
c.18000 BP (¢.22300 to ¢.20600 cal. yrs BP), due to fluvial incision (sea level had fallen as low as 120 m
below its present level, Fairbanks, 1989), denudation, and severe periglacial conditions, so most of the

sediments of Devensian age in the Humber region relate to this final phase of glacial activity.

During the late-Devensian period, the Vale of York and Humberhead Levels underwent considerable
landscape change. The timing of this ice-advance is transgressive across the region but most dates
indicate glacial activity soon after ¢.18000 BP (c.22300 to ¢.20600 cal. yrs BP, Penny et al., 1969).
Radiocarbon dates from organic silts beneath late-Devensian boulder clay at Dimlington Farm near
Easington, Holderness, the mean of which is 18730 BP (Madgett & Catt, 1978), indicate that ice reached
this point after this time. This late-Devensian stage of the Quaternary is termed the Dimlington Stadial

after this type site (Rose, 1985). During this stadial, ice approached the Humber from the north down the
Vale of York (see Figure 3.4) almost as far as Doncaster (Gaunt, 1976), and from the western part of the

North Sea over Holderness and the Lincolnshire Marsh (Catt, 1990). A minimum age for ice retreat from
this area is provided by a radiocarbon age of 13045+270 BP (16299 to 14596 cal. yrs BP) from basal
sediments infilling a kettle hole at Roos Bog, Holderness (Beckett, 1981). The main stages in the late-

Quaternary evolution of the region are outlined below and are based on the conceptual model proposed by

Gaunt et al. (1971).
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Figure 3.4 The ice limits during the Dimlington Stadial of the Devensian glaciation

in East Yorkshire (based on Madgett & Catt, 1978 and Catt, 1990).
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The Lake Humber Phase ¢.21000 to ¢.12000 BP (>c.23000 to c.13300 cal. yrs BP). The expansion of
the North Sea ice sheet on the eastern side of the Yorkshire and Lincolnshire Wolds, which reached a
height of ¢.60 m OD (Catt, 1990) during the Dimlington Stadial, caused a drainage blockage across the
Humber gap. Since ice was also occupying the Vale of York, meltwater was impounded and a large lake
developed (Lake Humber) in the southern Vale of York and Humberhead Levels (Figure 3.4). Initially,
the lake level rose to over 30 m OD (Catt, 1991), with sand and gravel deposited at the margins (Gaunt,
1994). During this high lake level stage, dated to between ¢.21000 and 18000 BP (>¢.23000 to ¢.20600
cal. yrs BP, Gaunt, 1974; 1994), the ice tongue extended down the Vale of York (the Stainmore-Vale of
York ice advance), partly floating on the lake, and deposited sand and gravel into the water (Gaunt, 1976).

After this initial surge, the ice retreated northwards and stabilised at Escrick, forming an arcuate morainic

ridge of till (Catt, 1990; 1991) and the lake level stabilised around 9 m (Gaunt, 1994).

As the ice front slowly wasted, drainage of Lake Humber was inhibited by the blocking of the Humber gap
by glacial deposits, allowing the lake to survive after the melting of the ice ¢.13000 BP (16300 to 14500
cal. yrs BP). Lake Humber eventually disappeared ¢.11100 BP (¢.13400 to ¢.12600 cal. yrs BP). This is
the age of a radiocarbon date obtained from a buried soil located between Lake Humber deposits and
blown sand at West Moor (Gaunt et al., 1971). The demise of Lake Humber was deemed to be a result of
sediment infilling, rather than draining by breaching the moraine (Gaunt, 1981). The exact timing of this

event may be earlier, since insect assemblages from a peat sealing the lake deposits at Sandtoft, indicate

the lake was wetland ¢.12500 BP (¢.15600 to ¢.13800 cal. yrs BP, see Buckland in Dinnin, 1997a).

The sediments that infilled Lake Humber as it silted-up are termed ‘25 foot drift’ by Gaunt (1994) and
form most of the flat plain of the southern part of the Vale of York, and Humberhead Levels area, at a
height not exceeding 25 feet or c.8 m OD (Gaunt, 1994). Sand is present towards the base of this unit,
and reaches a variable thickﬁess, between 1 and 7 m, in the area of Drax Power Station (Gaunt, 1994).
Overlying the sand are up to 20 m of blue-grey to red-brown laminated silty clays, with sand and coal
particles locally abundant. The thickest sequences are found within deeply incised river valleys. These
late-Devensian drift deposits attain thicknesses of ¢.5 to 10 m in the region of the river Aire between

Snaith and Goole (Gaunt, 1994). An upper sand is often found resting on the silt and clay of the ‘25 foot
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drift’, which is generally not more than 2.5 m thick (Gaunt, 1994). In some areas it is clayey and contains

coal particles.

The Braiding Phase ¢.12000 to ¢.10500 BP (¢.14900 to ¢.11000 cal. yrs BP). After the disappearance
of Lake Humber, rivers and streams began to flow across the emergent plain towards the Humber gap.
These rivers did not incise into the drift and lake deposits but actually aggraded, reworking the upper
lacustrine deposits, forming sandy levees either side of their braided channels (Gaunt ez al., 1971; Gaunt,
1981). The lack of incision suggests that rivers were responding to a regional drainage base-level that was
at about the same height as the emergent plain. This provides additional evidence that the lake did not
drain suddenly by breaching a barrier of glacial deposits but rather silted up with sediment (Gaunt, 1981).
This also suggests that the knick point of the estuary was well out into the present North Sea basin, and

had not yet transgressed westwards through the Humber gap (Van de Noort & Davies, 1993; Dinnin,

1997a).

These levees form ridges and mounds with a linear distribution visible along the flanks of present rivers

(see Figure 3.5). The fact that old river courses can be recogmsed from these sand levees led Gaunt

(1987) to suggest that rivers such as the Aire and Ouse followed essentially the same course during the
early-Holocene as today. A levee is evident along the river Aire from Hirst Courtney to Carlton (Figure
3.5), and further remnants are visible above the floodplain surface of the river Aire between Rawcliffe and
Airmyn (see section 6.3). The duration of this phase 1s bracketed by dates of 11100+200 BP (13444 to

12615 cal. yrs BP) from soil on top of lacustrine clays at West Moor (Gaunt et al., 1971) and 1046960

BP (12569 to 12142 cal. yrs BP) from peat between levee deposits and blown sand at Cawood in the Vale

of York (Jones & Gaunt, 1976).
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Figure 3.5 The Snaith ridge and the distribution of Lateglacial river levee deposits
in the proximity of the study area (after Gaunt, 1994).
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Aeolian Sand Phase ¢.10500 to ¢.10000 BP (c.13000 to ¢.10600 cal. yrs BP). The exposed sandy
ridges within the Vale of York and Humberhead Levels were partly reworked by aeolian action during the
Lateglacial and early-Holocene times, which gave rise to the formation of blown sand (coversand)
deposits and extensive dune systems (Gaunt, 1987; Halkon, 1990). There are problems associated with

the chronology of this phase of reworking, which relate, in part, to contamination, and the uncertainty

regarding radiocarbon dating this period, which has resulted in a large spread of ages.

Radiocarbon dates from the base of the a