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ABSTRACT

Ostracods were obtained from two cores in the southern North Sea area: the Sand Hole
and Swarte Bank Formations of Tappin (1991) in BGS borehole 81/52A, cored from
the Inner Silver Pit, southern North Sea; and a core from Shoeburyness in Essex,
borehole SI.  The faunal assemblages in BH81/52A were dominated by
Sarsicytheridea punctillata, Elofsonella concinna and Acanthocythereis dunelmensis.

The assemblages recovered retlect a transition from glacio-marine conditions in the
Swarte Bank Formation up into a cold-temperate marine environment in the Sand Hole
Formation with deteriorating temperatures indicated at the top of the interval studied.

In BHS1 a freshwater to brackish transition occurred in the core, the freshwater section
being dominated by Darwinula stevensoni and Ilyocypris spp., and the brackish section
by Cyprideis torosa and Cytheromorpha fuscata. The palacoecology of the ostracod
assemblages recovered 1s compared to other palacoecological data from the same
sections 1n each core and to ostracod data from other Hoxnian/Holsteinian sites in north
western Europe. These data are also discussed in the light of evidence indicating that
there was a barrier across the southern North Sea when the sediments examined were

deposited.

Sarsicytheridea spp. and Cyprideis torosa were used for trace element (Mg:Ca, Sr:Ca)
and stable isotope (8'°0, 6"'C) analyses. A calibration equation for the calculation of
temperature from Mg:Ca ratio was successfully established from analysis of modern
Sarsicytheridea. Modern Sr:Ca data could not be used to establish a calibration for
salinity since there was too much scatter in the data. Cyprideis torosa has been used
for trace element and stable 1sotope work by other authors who have published
relationships between C)yprideis and the water chemistry. Ostracods were also
analysed down core to examine the changing ratios of Mg and Sr as a proxy for
temperature and salinity changes in the Hoxnian of the southern North Sea.

In BH81/52A, Mg:Ca data indicated a deterioration in temperature from 36.20 m to the
top of the section studied of 9°C. Oxygen stable isotopic analyses from the same
species, measured through the same core intervals, did not exhibit a trend, but their
values were indicative of normal marine salinities. Carbon stable 1sotope analyses,
performed at the same time as the oxygen analyses, indicate that there may have been
high productivity in the region of deposition of the Sand Hole Formation, implying
deposition in a region of freshwater influence. However, C/N analyses indicated that
the sediments in the Inner Silver Pit were deposited under fully marine conditions.

In BHS1, both the Mg:Ca and Sr:Ca data suggested that salinity had increased upcore.
However, there was a lot of scatter in the data, indicating that the estuarine

environment, under which the palacoecology suggests the sediments were deposited,
was a highly fluctuating one. These data compare favourably with previously
published records. Published partition coetticients were used to compare the trace

element data obtained to mean river and seawater values.

11



CONTENTS

List of tables and illustrations

Vi-ix
Acknowledgements Xt
Declaration Xit
Chapter 1 Introduction, Aims and Objectives ]
1.1 Introduction 1
1.2  Aims and Objectives 3
Chapter 2 Background information 6
2.1 Geological context of the study
6
2.1.1 The Quaternary 6
2.1.2 The Hoxnian 7
2.1.3 Marine Hoxnian deposits + sea-level changes 9
2.1.4 The Inner Silver Pit 12
2.1.5 Borehole 81/52A and vibrocores 15
2.1.6 Essex 19
2.1.7 Shoeburyness, and borehole S1
21
2.2  Ostracods for use in palacoecological studies 27
2.2.1 Survival strategies 27
2.2.2 Ostracod palacoecology 30
2.2.3 Carbonate geochemistry 32
a) trace elements 32
b) stable isotopes 34
2.2.4 Carbon/ Nitrogen (C/N) analyses 38
Chapter 3 Techniques 40
3.1  Palaeoecological methods 40
3.1.1 Ostracod analysis 40
3.1.2 Sampling and preparation of samples 41
3.1.3 Assemblage counting 4]
3.1.4 Classification and identification
41
3.1.5 Scanning electron microscopy 43
3.1.6 Taphonomic considerations 44
3.1.7 Recognition of life and death assemblages 45
3.1.8 Analysis and presentation of data 46
3.2  Geochemical techniques 47
3.2.1 Trace element methods
48
3.2.2 Stable 1sotope analyses
53

v



Chapter 4

58

Chapter 5
71

78

Chapter 6

Chapter 7

3.2.3 Carbon/ Nitrogen (C/N) analyses

Results: Inner Silver Pit
4.1 Palacoecology
4.2  Trace element analyses

4.2.1 Taxonomy
4.2.2 Shell preservation

4.2.3 Modern Mg:Ca ratios
4.2.4 Modern Sr:Ca ratios
4.2.5 Downcore Mg:Ca ratios
4.3 Stable Isotopes
4.3.1 Oxygen isotope data
4.3.2 Carbon isotope data
44  Carbon/ Nitrogen (C/N) ratios
4.5 Summary

Results: Shoeburyness, Essex

5.1 Palacoecology
5.1.1 Ostracods

5.1.2 Noding in Cyprideis
5.1.3 Foraminifera, Molluscs and Diatoms
52  Trace element analyses

>.2.1 Shell preservation

5.2.2 Modern Mg:Ca and Sr:Ca ratios
5.2.3 Downcore Mg:Ca and Sr:Ca ratios
5.3  Stable isotopes
5.3.1 Oxygen i1sotopes
5.3.2 Carbon isotopes
54  Summary

Discussion

6.1 Inner Silver Pit
6.1.1 Palacoenvironmental interpretations
6.1.2 Comparison with other sites

53

33
55

58
61
61
63
64
03
06
68
69
69

71
71
74
76

79
79
80
82
83
84
85

86
86
86
89

6.1.3 Calculation of past temperatures and salinities91

6.2 Essex
6.2.1 Palacoenvironmental information

6.2.2 Comparisons with other sites
6.3 Synthesis

Conclusions and further research
7.1 Conclusions

94
94
96

102

109
109



Appendix 1
Appendix 2
Appendix 3
References

a) Inner Silver Pit
b) Essex
7.2  Further research

Photographic plates
Laboratory protocols
Raw data index (appended as disc)

Vi

109
110
111



LIST OF TABLES AND ILLUSTRATIONS
Fig 1.1 Map of Britain and north west Europe with inset detail of Inner Silver Pit area.

Fig 1.2 Relationship between the sedimentary formations of the Inner Silver Pit,
southern North Sea.

Fig 1.3 Borehole log, BH81/52A, Inner Silver Pit.
Fig 1.4 Summary Pollen diagram from Marks Tey, Essex (Turner, 1970).

Fig 1.5 Computer generated contour map of the London Clay surface showing
channels on the Southend Peninsula (Roe, 1994).

Table 1 Glacial - interglacial cycles in North West Europe.

Fig 2.1 Contour map of the southern North Sea around the Inner Silver Pit showing
greatest depths (@) of incision into the sea bed.

Fig 2.2 Extent of sedimentary formations around the Inner Silver Pit and position of
borehole and vibrocores.

Fig 2.3 Summary borehole log of BH81/52A showing the main sedimentary
formations mentioned 1n the text (Tappin, 1991).

Fig 2.4 Inner Silver P1t pollen diagram (Ansari, 1992).

Fig 2.5 Correlation between borehole and vibrocores on pollen evidence, Inner Silver
Pit.

Fig 2.6 Map of Essex showing sites mentioned in the text.
Fig 2.7 Borehole log, BHS1, Elm Road, Shoeburyness, Essex.

Fig 2.8 Section A-B through Pleistocene sediments around the Shoeburyness Channel
(adapted from Roe, 1994).

Fig 2.9 Summary pollen diagraml, BHS1, Shoeburyness, Essex (summarised from
Roe, 1994).

Table 2 Environmental preferences of the main faunal elements (Elofson (1941); Neale
and Howe (1975); Rosenfeld (1977); Whatley and Masson (1979); Athersuch ef al.
(1989)) P: Pleistocene; H: Holocene; M: Modern.

Vil



Fig 4.1 Concentrations and diversity counts of all ostracod species found in samples
between 41.42 and 30.405 m depth (average depths for each 2-3 cm sample) below the
sea floor in BH81/52A (Swarte Bank Formation and Sand Hole Formation of Tappin,
1991). Core recovery and lithology are shown on the left, ostracod zones and
explanation of symbols on the right of the diagram.

Fig 4.2 Zonation summary diagram (Knudsen, pers. comm.) (Summary of Ansari
(1992), Harland in Scourse ef al. (in press), Kristensen ef al. (in press) and Ingram (in

press)).

Fig 4.3 Sites from which modern Sarsicytheridea were obtained around the North
Atlantic.

Fig 44 a. Plot of visual preservation index against Mg:Ca ratios for modem
Sarsicytheridea shells; b. Plot of visual preservation index against Sr:Ca ratios for
modern Sarsicytheridea shells.

Fig 4.5 a. Plot of visual preservation index against Mg:Ca for down-core
Sarsicytheridea from BH81/52A; b. Plot of visual preservation index against Sr:Ca for
down-core Sarsicytheridea from BH81/52A.

Fig 4.6 Plots of Mg:Ca ratios in modern Sarsicytheridea against water depth,
temperature and salinity (temperature and salinity information from unpublished cruise

data).

Fig 4.7 Plot of Mg:Ca ratio in modern Sarsicytheridea against bottom water
temperature.

Fig 4.8 a. Plot of the regression line using just the effect of concentration of Mg on the
Mg:Ca ratio; b. Plot of the result of a double regression using Equation (2) for the
dependence of the Mg:Ca ratio on both Mg and Sr concentration in the water.

Fig 4.9 Plots of Sr:Ca ratios in modern Sarsicytheridea against water depth,
temperature and salinity (temperature and salinity information from unpublished cruise

data (as Fig 4.5)).

Fig 4.10 a. Plot of the regression line using just the effect of concentration of Sr on the
Sr:Ca ratio; b. Plot of the result of a double regression using Equation (2) for the
dependence of the Sr:Ca ratio on both Mg and Sr concentration 1n the water.

Fig 4.11 Plot of Mg:Ca ratio for down-core samples.(®, data points excluded from
analysis; A, main body of data).

Vill



Fig 4.12 Model diagram to show predicted changes in temperature (°C), sea-level,
Mg:Ca (mmol/mol) and §"O.

Fig 4.13a Oxygen isotopes for the Sand Hole Formation (8'°0, %o); b Carbon isotopes
for the Sand Hole Formation (8"°C, %o).

Fig 4.14 8"°C (%o) and 8"°0 (%) vales plotted for BH 81/52A (axes through 0,0 for
reference).

Fig 5.1 Ostracod abundance against sample depth and lithology.

Table 3 Species affinities and distributions from BH S1 (Henderson, 1990; Athersuch
et al., 1989). P: Pleistocene; H: Holocene; M: Modemn

Fig 5.2 Concentrations of all ostracod species found in samples between 14.60 and
5.25 m depth (average depths for each 2-3 cm sample) below the sea floor in BHSI,

Shoeburyness. Core recovery and lithology are shown on the left, ostracod zones and
explanation of symbols on the right of the diagram.

Fig 5.3 Schematic diagram showing the relationship between the diversity of ostracod
populations and salinity (after Remane, 1934 and Carbonel, 1988).

Fig 5.4 Relationship between noding in Cyprideis torosa and core depth, zonation at
same depths as Fig 5.2.

Fig 5.5 a. Plot of visual preservation index against Mg:Ca for down-core Cyprideis
from BHS1; b. Plot of visual preservation index against Sr:Ca for down-core Cyprideis

from BHS].

Fig 5.6 Plot of Sr:Ca ratio for down-core samples, transition from fresh to brackish
water marked.

Fig 5.7 Plot of Mg:Ca ratio for down-core samples, transition from fresh to brackish
water marked.

Fig 5.8 Comparison of trace element data from this study to the published results of
Anadon and Julia (1991).

Fig 5.9 Comparison of data deduced from the results of this study, using partition
coefficients established by Chivas et al. (1986b), to mean sea and river water values of

trace elements (Broecker and Peng, 1982).

Fig 5.10 Oxygen and carbon isotope trends for BHS1 (6'°0, 8"°C, %o).

IX



Fig 5.11 8"C (%o) and 80 (%0) values plotted for BHS1 (axes through 0,0 for
reference).

Fig 6.1 Map of the southern North Sea and North Western Europe showing the

location of sites mentioned in the text [@, sites examined in this study; V, other
British Hoxnian sites (Stevens, 1960; Neale and Howe, 1975; Lord and Robinson,
1978; West et al., 1984; Mitlehner, 1992) A, Danish Holsteinian sites (Knudsen and
Penney, 1987); €, German Holsteinian sites (Woszidlo, 1962; Lord et al., 1993); I,
French 7Holsteinian site (Gibbard, 1995)].

Fig 6.2 Comparison between the marine record in the Nar Valley and the Inner Silver
Pit (for extended description see Scourse ef al., 199x)

Fig 6.3 Sections indicating the salinity characteristics of the east Essex channels
through interglacial time (cf. Tumer and West, 1968; adapted from Roe, in press).



Acknowledgements

I would like to express my gratitude to my supervisor, James Scourse, for his patience
in tuition in the finer points of stratigraphy and his helpfulness throughout my PhD.

Thanks are also due to a number of people, in different institutes in the UK and abroad
who gave me access to and use of equipment and donated their valuable time. They
are (in no order): Tom Cronin (USGS Reston), Jonathon Holmes (Kingston
University, UK), Colin Graham (BGS Edinburgh), Helen Glaves (BGS Keyworth),
Gary Dwyer (Duke University, N.C.), Hilary Kennedy and Graham Walker (U.W.B.,
supervisory committee), Jonathon Malarky (U.W.B.), Karen-Luise Knudsen and Peter
Kristensen (Aarhus University), Hans-Petter Sejrup (Bergen University) and Helen
Roe (University of Plymouth). I would like to say a separate thank you to Brian Long
(U.W.B.) who assisted in the preparation of some of the figures here-in.

[ am indebted to Andrew Peet, who has given me encouragement, criticism and
happiness in equal measure.

This work was funded by a NERC studentship [GT4/261/94/G], which 1s gratefully

acknowledged. 1 was also pleased to receive a Geological Society of America
Research Grant [5626-95](trace element work), and award from the Gilchnst
Educational Trust (travel to Denmark) and a QRA Young Researchers Award (1sotope

studies).

xi



Chapter 1: Introduction, Aims and Objectives

Chapter 1

Introduction, Aims and Objectives

This study concentrates on two Pleistocene interglacial sites within the North Sea basin,
one fully manne site from the Inner Silver Pit, and the other, containing a transgressive

overlap, from Shoeburyness on the Essex coast.

1.1 Introduction

Ostracods are small crustaceans which occur in practically every aquatic environment and
are particularly sensitive to changes in water temperature (Chivas et al., 1986a).

Temperature and salinity exhibit predictable shifts with changing water depth, circulation,
water mass and geographical area and these are paralleled by changes in ostracod

assemblages. The geographical distnibution of discrete assemblages thereby provides a

guide to different environments.

The speed of response of marine and freshwater ostracods to even subtle alterations to
their environment makes them one of the most sensitive organisms that fossilise in
abundance. Their microscopic size means that a great number of specimens can be easily
examined, allowing for a measure of quantification in such studies. The complexity of
ostracods and their relatively long life span (for a microscopic animal) lends information on

seasonality not possible from more simple protozoans such as foraminifera (Delorme
1969).

The Inner Silver Pit is an incision in the North Sea bed (Fig 1.1). As Fig 1.2 (Ch 2.1)
shows, it is surrounded by Quaternary sediments which are infilling a shallow saucer-like
depression in the sea-bed. The borehole log (Fig 1.3) indicates the formations present,

where sediment samples have been taken, and the 'classical' stratigraphy of the area. Pollen
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Chapter 1: Introduction, Aims and Objectives

assemblages studied by Ansari (1992) showed a series of floristic changes which indicated

an interglacial sequence from an estuarine or subtidal environment. It was clear from initial

foraminiferal analyses (Fisher ef al., 1969, Ansan, ibid.) that the main formation from the
Inner Silver Pit was of marine origin. On pollen grounds the sequence suggests a Hoxntan
signature similar to that of Marks Tey, Essex (Turner, 1970; Fig 1.4 herein). Amino-acid
stratigraphy (Sejrup, pers com) suggests an older age than this, which might indicate that

the sediments were lain down in a similar interglacial with the same pollen signature.

The site at Shoeburyness consists of a buried channel, in a series of similar channels (Fig
1.5) that were probably fluviatile in onigin. This fluvial incision 1s thought to postdate the
period when the Thames first entered southern Essex during the Anglian Stage of the
Middle Pleistocene (Bridgland, 1988) and to have occured in a periglacial climate, since no
evidence of glacial deposits has been found in the area. The channel has been infilled with
c. 10-20m of fine grained Middle Pleistocene sediment. This channel deposit was found to
be fossiliferous (Lake er al., 1977). Roe (1994) extensively examined this and other
deposits from Essex for pollen, and also performed a preliminary palacosalinity study using

ostracods to identify a freshwater to brackish transition at around 10 m below present
surface. The pollen spectra from Shoeburyness show two phases of vegetational
development, and again compare closely to the Marks Tey succession (Turner, 1970).

This would indicate that the cores at Shoeburyness and the Inner Silver Pit are related by a

similar pollen signature and, therefore, may be of similar Hoxnian age.

Use of ostracods should help to develop a firmer palaecoenvironmental signature (in terms

of temperature and salinity) of the southern North Sea during the interglacial in which these

sediments were lain down.
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Chapter 1: Introduction, Aims and Objectives

1.2 Aims and Objectives.

The main aim of the project was to enhance the palacoenvironmental interpretations of the
two interglacial sites using ostracod palacoecology and assessing the potential for

biogeochemical techniques.

To recognise this potential the objectives of the project can be defined as follows:

1. To use ostracod palaeoecology to elucidate the local environmental histones of

the two sites.

2. To establish the relative ages of the sites by comparison of the faunal
assemblages found to other studies in the southern and central North Sea area, and to place

the sites within the broader context of changes observed elsewhere in the North Sea.

3. To set up a modern calibration equation for the use of Sarsicytheridea in trace

element studies.

4, To assess the use of biogeochemical techniques (trace-element composition,

stable isotopes) on fossil ostracod shells to provide data on palaco-temperature and
salinity.

5. To use the data obtained from the biogeochemical analyses to discover water
mass provenance in the southern North Sea in a previous interglacial and, for the Inner
Silver Pit, to use further geochemical techniques to assess the contnibution of marine and
terrestrial sediment input into the North Sea at the time of deposition of the Sand Hole

Formation.
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To achieve these aims the following steps were taken:

1. In order to obtain the fossil ostracod fauna from each of the boreholes it was
necessary to sample at a range of depths downcore, wash the sediment and pick out the
ostracods present. The ecology of the fossil ostracod faunas and of any other faunal
remains (echinoderm spines, plant macrofossils, molluscan fragments, foraminifera) was

considered. Their stratigraphical significance was also determined.

2. A modern collection of Sarsicytheridea was obtained from B.G.S. core tops
from the North Sea, University of Aarhus collections from the North Sea and the
Skagerak, sites in the Canadian Arctic and also the North West Atlantic (Cronin, pers.
comm.). Each ostracod analysed could be related to a certain water temperature and,
thereby, a calibration between bottom water temperature and Mg:Ca ratio in the ostracod

shells was set up. Calibration equations for Cyprideis torosa already exist in the literature.

3. Both trace element and stable isotope analyses were carried out on single genera
fossil ostracod shells from the faunas picked (Sarsicytheridea in the Inner Silver Pit; and a
single species, C)prideis torosa, at Shoeburyness) in order that there were two
independent signals indicating any water column changes that may have occurred. The
ostracod valves were examined for stable isotopes, since this should lead to greater

understanding of the palaeoenvironmental significance of the sites. This type of data can

also have the potential to lead to inferences about the chronostratigraphy of the area.

The thesis ts structured as follows:

Chapter 2 explains the geological context of the areas studied, and presents a summary the
previous research carried out at each site. The use of Ostracoda in palacoenvironmental

studies is also considered, with particular attention being drawn to the taphonomic history

recorded by ostracod shells.
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Chapter 3 outlines the methodology employed in obtaining and collating the data for each
of the techniques used.

Chapters 4 and 5 present the palaeoecological and biogeochemical results; Chapter 4 those
for the Inner Silver Pit, and Chapter 5 those for the Shoeburyness site.

Chapter 6 integrates the results with previous and current research in the area to suggest a

history of changes in the circulation pattern in the southern North Sea.

Chapter 7 presents the main conclusions of the study, and puts forward suggestions for
further work.
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Chapter 2

Background information

This chapter looks at the rationale behind the project and discusses the relevant literature in

the areas considered. The chapter also addresses the use of ostracods in Quatemary

research.

2.1 Geological context of the study

2.1.1 The Quaternary

The Quaternary is charactenised by a senes of climatic fluctuations which have served as
the basts for the stratigraphical division of the period. Historically, terrestrial records have
proved most important in the recognition of glacial-interglacial fluctuations (references in
West, 1980), however, more recently, deep marine records have become increasingly
important with the development of stable isotope techniques (Shackleton, 1974) to
recognise environmental oscillations. In spite of this progress, relatively little is known
about the continental shelves, which offer the potential to link oceanic and terrestnal

evidence.

In terrestrial records, for instance in north west Europe, it has proved possible to erect a
series of stages characterised by the development of temperate forest, which are separated
from one another by stages showing evidence of cold conditions - cold stages. Temperate
stage history is recorded palacontologically by a number of fossil groups in freshwater and

marine sediments. Cold stage history is recorded in glacigenic deposits, marine and fluvial

sediments and the occurrence of periglacial episodes.
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Chapter 2: Background information

As can be seen from Table 1 it is uncertain how many glacial-interglacial cycles occurred
between the Anglian/Elsterian and the Devensian/Weichselian cold stages. Pre-Elsterian
evidence 1s extremely fragmentary and will not be discussed here. The current British
stratigraphical scheme (Mitchell ef al., 1973) envisages that only interstadial environments
occurred between the Hoxnian/Holsteinian and Ipswichian/Eemian interglacial stages.

However, over the last two decades a considerable amount of evidence has been put
forward to support the existence of at least one additional temperate episode of interglacial
ranking, which was preceded and followed by colder conditions in this interval. This
evidence has come from two sources; first a re-evaluation of deposits traditionally placed in
either the Hoxnian/Holsteinian or the Ipswichian/Eemian (Sutcliffe, 1975, 1976, Bowen,
1978; Sutcliffe et al., 1987, Shotton, 1986; Wymer, 1988); and, second, from new sites
whose geomorphology, lithostratigraphy and biostratigraphy have not conformed to the
established succession (Tumer, 1975; Green ef al.,, 1984, Briggs et al, 1985). Many
indications have also come from improvements to geochronometric data (e.g. Wintle and
Huntley, 1982; Sejrup and Knudsen, 1993; Bowen et al., 1989) such as amino acid and
thermoluminescence dating techniques, the results of which are highly diverse, and are a

matter for active debate due to this vanation.

2.1.2 The Hoxnian

This interglacial stage (termed Hoxnian in the British succession, correlated with the
Gortian in Ireland and correlative to the Holsteinian in continental Europe) is classically

recorded as following the Anglian cold stage (Mitchell ef al., 1973) and has a number of
recognisable palynological features. The importance of Abies in the late-temperate
substage HollI forest in all areas is notable and, furthermore, the significant role of Picea in
eastern Europe and Pinus in Ireland in the early-temperate substage Holl forests whlst

Britain contained a mixture of deciduous trees is also likely to have been significant in
terms of climate (Turner, 1975). Recently there has been much discussion as to whether

there was only one post Anglian Hoxnian-type stage (Bridgland, 1994; Scourse ef al., in
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press). Oxygen isotope evidence has been provided to suggest that there were five
temperate stages after the Anglian, currently thought to be represented by Oxygen Isotope
Stage 12 (Bowen et al., 1986), the last being the Holocene. This implies that the Hoxnian
and Ipswichian type vegetational sequences recorded have been repeated during that time,
and that not all sites assigned to the Hoxnian or Ipswichian were necessarily lain down
contemporaneously (cf. Bowen ef al., 1989; Bridgland, 1994; Ashton et al., 1995, West
and Gibbard, 1995; Scourse ef al., in press). However, although the classical stages
defined by Mitchell ez al. (1973) and pollen signatures (Turner, 1975; West, 1980) may not
be unique, the stratigraphical succession of the stages is still assumed to be the same

(Scourse et al., in press).

Faunal data are sparse and come from scattered sites, however, similarities exist between
vertebrate remains of this age in Germany (Adam, 1954, 1975) and assemblages from
Hoxnian deposits at Swanscombe and Clacton in Essex (Singer et al.,, 1973; Sutcliffe,
1964, Stuart, 1982). Simuilanities between shallow marine fossil ostracod assemblages from
sites assigned Holsteinian age in Denmark (Knudsen and Penny, 1987) and Germany (Lord
et al., 1993) and Hoxnian sites on mainland Bntain (Lord and Robinson, 1978; Mitlehner,
1992; Horton et al., 1992) and offshore in the Inner Silver Pit (Ingram, in press; this study)

have also been observed.

Estimates of the age of the Hoxnian have reflected the available methods, dates and
correlations at particular times. Szabo and Collins (1975) obtained dates around 245 ka
BP, and in excess of 272 ka BP as a result of Uranium-series determinations on bones of
Hoxnian ‘'age’ from Clacton and Swanscombe respectively. Shackleton (1975) has
suggested that the Hoxnian temperate stage could be accommodated by Oxygen Isotope
Stage 11, which lasted from circa 428 to 352 ka BP, whereas Bowen ef al. (1986) elected
to correlate the Hoxnian with Oxygen Isotope Stage 9, from about 338 to 302 ka BP, a

view which was based on the equivalence of the Ipswichian/Eemian temperate stage with

Oxygen Isotope Stage 5, and the existence of another temperate episode between this and

8
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the Hoxnian. Griin ef al. (1988) established a date of 319 +/- 38 ka BP using the Electron-
Spin-Resonance (ESR) technique on teeth collected from Hoxne. Bowen et al. (1989)
have employed this date as a geochronometric control on the amino acid ratio data in non-

marine Mollusca from other sites representative of Pleistocene events, such as

Swanscombe, Kent and Stanton Harcourt, Oxfordshire. On these criteria the Hoxnian has

been assigned to Oxygen Isotope Stage 9.

On continental Europe, Zagwign (1975, 1989) considered that the Holsteinian occurred in
the Netherlands around 220 ka BP, while Bowen (1978) suggested an age range from
circa 500 to 400 ka BP in Northern Europe. Samthein ef al. (1986) used Th/U and ESR
techniques on marine molluscan shells from paratype and other localities of the Holsteinian

temperate stage to obtain dates of more than 350 to 370 ka BP. Shells from the Herzeele
marine unit ITI, believed to be an equivalent of the Hoxnian/Holsteinian or the Wacken
(Domnitz) warm stage in northemn France, revealed ages of between 300 and 350 ka BP,
indicating correlation of these two warm stages to Oxygen Isotope Stages 11 and 9

respectively.

The duration of the Hoxnian temperate stage is more easily resolved. Tumer (1975)
calculated a duration of 20 to 25 ka, based on the analysis of laminated sediments at Marks
Tey. This interval is comparable to that obtained by Miiller (1974) from the Holsteinian in
Germany of 16 to 17 ka, using the same method.

2.1.3 Marine Hoxnian deposits and sea level changes

A number of the sites investigated around the edge of the North Sea contain evidence of a
single major marine transgression of the Hoxnian/Holsteinian interglacial. In the Nar
Valley in Norfolk marine terraces from Ho IIIb have been found at 23 m O.D. (Ordnance
Datum) (Stevens, 1960; Ventris, 1985, 1986; Mitlehner, 1992), although the earliest

incursion appears to have been in Hoxnian substage Ho IIc (Ventris, 1986; West 1987).

9
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At Clacton channel deposits have recorded the onset of estuarine sedimentation quite late
in the interglacial, in substage Ho IIIb (Pike and Godwin, 1953; Tumer and Kemey, 1971),
however, sea-level continued to nise, allowing progradation of marine influenced sediments

up to 9 m OD. At Swanscombe, upstream from Clacton, the record of marine
sedimentation extends to circa 25 m O.D. (Kemey, 1971), providing an approximate

upper limit for the extent of the transgression.

At Woodston, near Peterborough, marine molluscs and ostracods clearly show the
presence of well established marine influence in Ho Ilc at between 11 and 14 m OD
(Horton et al., 1992). However, this site has complicated the conventional picture of
Hoxnian sea-level change, since the earliest marine influence seems to have been prior to
Ho IIc (Horton et al., ibid), which is difficult to reconcile to the neighbouring Nar Valley,
which is closer to the sea. There are implications of this incongruity; either the pattern of
Hoxnian sea-level change may have been more complicated than previously documented,
or regional tectonism between the two areas may have distorted the sea-level signal. It 1s
also possible that the Woodston beds may be a different age to those in the Nar Valley.

Reconstructions of sea-level changes in Britain have mainly been based on these sites in

East Anglia, where the estuarine and marine deposits have all been assigned to the latter
part of the interglacial (Ho IIc to Ho IIIb).

In continental Europe, Somme (1979) discussed marine deposits near Sangette on the
French Coast at an elevation of 10 to 12 m NGF (French mean sea-level), and at Herzeele
(Somme ef al., 1978) where the base of the deposits lies between 7 and 11 m NGF. Paepe

and Baeteman (1979) found similar marine and brackish sediments at the same heights in
Belgium. In the Netherlands and Germany the surfaces of marine Holsteinian deposits
occur at a wide range of heights from -25 to -40 m (van Staalduinen, 1977; Linke, 1986).

However, most Holsteinian deposits in Europe will have been affected by post-

depositional movements (Long et al., 1988), for example, in the Netherlands and Germany

10
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many sites were overridden by Saalian ice, so it is not possible to attach much significance

to their modern altitude.

One site which does justify further attention is Herzeele in France, where fine grained
intertidal sediments are thought to have been deposited in a shallow marine embayment.
The sediments are distributed in three sequences. The lower one, Series I has a sparse
pollen flora, and has been assigned to an early marine Holsteinian phase (Vanhoorne and
Denys, 1987) or to an older high sea-level event (Somme ez al., 1978). On pollen grounds
the upper two units, Series II and III, of the sequence are correlated to the early and late
temperate substages of the Holsteinian (Somme ef al., 1978), between the expansion of
Quercetum mixtum and the arnval and expansion of Abies. This sequence shares many
similarities with those in Eastern Essex (Roe, 1994) since the onset of the marine incursion
occurs prior to or during the early-temperate substage of the Hoxnian, and the
transgressive maximum occurs during the late-temperate substage of the interglacial in
sediments lying at 8 to 11 m NGF (Somme ef al., 1978). These marine and brackish water
deposits do not appear to extend into the Netherlands however and, due to a lack of
southern, warmer water Lusitanean species in these areas (Mejjer and Preece, 1995, this
study), it has been implied that there may have been a physical barrier across the Strait of
Dover. This would denote that there were two marine embayments in the southern North
Sea, one open to the south, via the Strait of Dover, and one with access to the north.

Evidence for the intervening landbridge exists in the form of a 'Rhenish' fauna (Roe, 1994),

a fluvial molluscan group found at sites in Eastern Essex and also in the southem
Netherlands.

The deposits at Herzeele have been dated with a number of geochronological techniques,

but the results remain equivocal. Amino-acid determinations on shells have revealed dates

equivalent to Oxygen Isotope Stage 9 (Bowen and Sykes, 1988), and Stage 7 (Miller and
Mangerud, 1985). Balescu and Lamothe (1993) obtained thermoluminescence (TL) dates

of 266 +/- 21 ka from sands in Series ITI, whereas Uranium series dates (Sarnthein ef al.,

11
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1986) from shells in that unit gave dates of between 300 and 350 ka BP, and so assigned

this upper unit to Stage 9. Sarnthein ef al. (1986) believe that an unconformity exists

between the top of Series II and Series III, implying that the middle unit represents an older
interglacial, perhaps Stage 11.

There have been few attempts to assess the importance of additional high sea-level events
in the context of the southern North Sea region (cf Long ef al., 1988). From existing
biostratigraphical data it is impossible to establish whether any extra events occurred.

However, some support has been given by amino acid dating of molluscs. For example,
the Woodston Beds appear to be younger than the interglacial beds at Clacton and
Swanscombe (Horton ef al., 1992), which compares favourably with Bowen et al. (1989)
who used aminostratigraphical data to assert that there were two temperate events in the
British record showing affinities to the Hoxnian (Fig 1 in Bowen ef al., 1989); an older

event at Swanscombe (Oxygen Isotope Stage 11) and a younger event at Hoxne (Stage 9)
to which the Woodston Beds are also correlated.

2.1.4 The Inner Silver Pit

The Inner Silver Pit is the longest of several trench-like enclosed basins in the North Sea
floor, east of the Humber. The Inner Silver Pit is over 50 km long, 4 km wide and up to 70
m deeper than the adjacent sea floor. It is incised into a thickness of Quaternary sediments
that fill a broad shallow basin in the southern North Sea (Fig 1.2). This basin is infilled

with the Swarte Bank Formation (SBK), the Sand Hole Formation (SH), the Egmond
Ground Formation (EH) and the Bolders Bank Formation (BDK) described by Tappin

(1991) (Fig 1.3).

12
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Origin of the valley in the area of Inner Silver Pit

Sedimentation in the North Sea basin has been dominated by glacial erosion and deposition
since the Middle Pleistocene. The Anglian glaciation was extremely extensive and had
widespread effects, overnding most of the North Sea (Fig 2.1), destroying or burying
existing deposits in most areas, and forming new surfaces beneath the ice by glacial and

glaciofluvial erosion (Cameron ef al., 1987, Stoker et al., 1985). The most characteristic

glacial feature left on the seafloor were conspicuous shallow subglacially eroded shallow
'valleys' or incistons, which have since been partially or entirely infilled (Stoker ef al.,
1985). Discussion on the origin of the valleys has dominated the literature and there are
three schools of thought; the first emphasising the significance of substrate, such as fault
lines and the soft nature of strata or subsurface processes and tidal scour (Hamblin, 1990);
the second concentrating on the importance of the local over-deepening of pre-existing
features, for example delta channels or niver networks (Smuth, 1985, 1989); and a third
concerning a compound process of origin in which the nature of the substrate, over-

deepening of pre-existing features and involvement of more than one glacial stage are

significant (Ansari 1992). Cameron ef al. (1987) stated that the features were most likely
to have been eroded subglacially under very high hydrostatic pressure by outburst of
meltwater beneath a continuous cover of melting ice, with slumping of moraines and the
deposition of glaciofluvial sediments in tunnel valleys. After the ice had retreated from the
area, a thick accumulation of glacio-lacustrine sediments, locally overlain by fluvial or
glacial marine deposits, infilled most of the channels. This is the most likely explanation for
the origin of the valleys. Similar sedimentary sequences to those found in the southemn
North Sea are well known from the onshore area of Britain (Ventris, 1985), the
Netherlands and Germany (Ehlers ef al.,, 1984). However, when the broad shallow basin

was formed is more uncertain, although it was probably cut into the Cretaceous Chalk in

an earlier phase of erosion (Scourse et al., in press).

13
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Chapter 2: Background information

Recently Wingfield (1990) controversially presented an alternative 'finger lakes' model and
proposed that each incision was created separately at a lowland or tidewater ice sheet
margin as a plunge pool which cut back and unroofed into the ice margin. Wingfield
(1990) has attempted to explain processes outside, inside and at the margin of the ice sheet

and states that there 1s a close relationship between the existence of the palaeovalleys and

the limit of the ice sheet of the corresponding glacial stage. He cited the following

evidence:

1. The valleys follow a NNW-SSE trend in the centre of the southern North Sea (Balson
and Cameron, 1985). They range from long anastomosing valley systems to short isolated
oval channels.

2. The palacovalleys are of similar dimension and morphology, and are the direct
continuation of the Elsterian subglacial valley system of East Anglia and the continental
part of north west Europe (Ehlers et al., 1984; Balson and Cameron 1985).

3. The valleys have not been identified south of 52 SO'N in the UK sector and are most
extensively developed between 53° and 54°N and west of 2°E (Balson and Jeffrey, 1991).
4. All of the valleys have been completely filled with Anglian and younger sediments

(Tappin, 1991).

The similarities in the geometry, the size and the lithological infill of the palacovalleys
suggest that they were created by common processes. Therefore, it was proposed that the
palacovalleys were formed during the later period of the optimum phase of a cold stage,
under very strong hydrostatic pressure of melt water, and at or in the margin of an ice sheet
(Wingfield, 1990; Balson and Jeffrey, 1991). Donovan (1973) suggested that tidal scour
may have played a major role in modifying the form of pre-existing subglacial valleys

during the Flandrian marine transgression.

Glacigenic deposits of Anglian age directly overlie Cretaceous Chalk in the broad basin
that surrounds the Inner Silver Pit. In the Bntish sector of the southern North Sea these
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glacigenic deposits infilling the channels are usually of one or more of three units of the
Swarte Bank Formation (SBK), defined in terms of their geophysical signal and by
composition of the sediment (Cameron ef al., 1987). A series of Pleistocene sediments
overlie the SBK around the Inner Silver Pit. These terminate in the BDK, which is when
the Inner Silver Pit must have been incised. The age of the BDK is contentious, since

thermoluminescence dating (Bateman and Catt, 1996) appears to contradict the traditional
view that it was incised in the Late Devensian/Weichselian (Cameron ef al., 1987). The
implication that the BDK 1s of Saalian/Wolstonian age or later indicates that the Inner

Silver Pit must therefore have been incised in the Saalian/Wolstonian or later (Scourse ef
al., in press). The area is overridden by strong currents and active tidal scour (Lee, 1980)
at the present day, which would account for the lack of Holocene sediments in the region.

Scourse et al. (ibid) also suggested that it was possible that the Inner Silver Pit has been
enhanced by tidal scour since it was first initiated. No sedimentary evidence exists to lend

support to this theory, however, and it is possible that any matenial has been removed by

strong Holocene scour.

2.1.5 Borehole 81/52A and vibrocores (53/00/962, /1103, /1104). borehole logs and

palaeobotanical information

This investigation is concermed with the Inner Silver Pit area whose location 1s detailed on
the 'Spurn sheet' of the British Geological Survey offshore series (Tappin, 1991). Borehole
81/52A was located on the eastern flank of the Inner Silver Pit, close to its margin at

53°31.855'N and 0°44.291'E in a water depth 0f 20.20 m, and penetrated up to SOm below
the sea bed (Fig 2.2). The recovered sequence included deposits of Cretaceous chalk and
Pleistocene till, silty-clay, sand and gravel.

The area appears to be subject to strong tidal currents that have swept mobile sediment
into nearshore areas of sediment accretion, such as The Wash and large ofishore

sandbanks. Most of the seafloor is covered by coarse, winnowed lag deposits and is
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relatively flat with the exception of the elongated valleys or 'pits' described above, of which
Inner Silver Pit is the largest. Sediments infilling these valleys can be ascnbed to three
different facies:

1) the basal infill of the valleys is characterised by chaotic reflectors on seismic
profiles (Tappin, 1991). This unit is represented by poorly sorted, gravelly coarse grained
sands, diamictons and re-sedimented tills thought to have been deposited
penecontemporaneously with the incision of the valleys.

i) the laminated sediments overlying the basal infill are characterised by parallel to
subparallel reflectors which drape over underlying irregularities, infill the uppermost parts
of the valleys, and in some cases extend onto the adjacent valley shoulders (Tappin 1991).
These sediments are thought to represent quiet water, probably glacio-lacustrine

conditions.

iii) in places an upper unit, characterised by cut and fill structures and inclined
reflectors, is incised into the underlying beds. 1t is considered that this is a product of
shallow, relatively high energy glacial-marine sand and mud sedimentation (Tappin, 1991).

The incisions, infill sequences and associated SBK provide strong evidence for a major

glaciation of the southern North Sea, an event that has been correlated with the

Anghan/Elsterian cold stage of the European sequence (Gibbard et al., 1991).

The main section of sediment in the section of borehole studied is the Sand Hole Formation
(SH) (Fig 2.3) which underlies 16m of grey-brown, fine to medium grained 'sands and
gravels' of marine origin called the Egmond Ground Formation (EG). On the basis of
seismic records, this formation has been compared by Tappin (1991) to similar lithologies
found on adjacent sheets and correlated to the Holsteinian Egmond Ground Formation of
Laban et al. (1984) in the Dutch Sector of the southern North Sea. Overlying the EG is a
till thought to be of Weichselian age called the Bolders Bank Formation. This appears to be
the lateral equivalent of the Huntstanton Till of East Anglia and the tills at Holderness,
north of Spurn (Tappin 1991), which lithologically resemble it. Underlying the Sand Hole
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Fig 2.3 Summary borehole log of BH81/52A showing the main sedimentary formations
mentioned in the text (Tappin, 1991).
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Formation ts another till, the Swarte Bank Formation (SBK), which infills the subglacial
valleys cut during the Elsterian glaciation (Cameron et al., 1987) and rests directly on

Upper Cretaceous chalk. In borehole 81/52A, the SBK is made up of a stiff grey-brown

diamicton.

Hoxnian sediments are absent from most of the British sector of the southern North Sea,
with the exception of the Inner Silver Pit, which contains marine muds assigned to the
Hoxnian by Fisher et al. (1969) on the basis of pollen analysis. All samples analysed by
Fisher et al. (ibid) also contained abundant foraminifera, together with ostracods, cirripede
valves and fragments of bryozoans, echinoids and molluscs. The dominance of Elphidium
clavatum suggested relatively shallow water (<20 m) at the time of deposition, although a
lack of Cibicides lobatulus and other species of Elphidium seemed to indicate the presence
of a sublittoral environment. Climatically all the samples indicated full interglacial

conditions, based on the abundance of the temperate Ammonia becarii (Fisher et al., ibid).

It was clear that the sediments of the Sand Hole Formation were of marine origin from the
foraminiferal evidence (Fisher ef al., 1969; Ansari 1992) and preliminary ostracod studies
of this project. Before fossil pollen zones and vegetational history from a marine sequence
can be reviewed, the taphonomy of the pollen must be considered, since in marine
environments water movement and turbulence are important in the distribution of pollen
and there is a tendency for winged conifer pollen to be over-represented through flotation
(Stanley 1969) and to be aenally transported for long distances out to sea (Nichols et al.,
1978). The sequence analysed palynologically from BH81/52A was thought to be
estuarine/subtidal (Fisher et al., 1969; Ansari, 1992; Scourse ef al., in press), and therefore
would have been subject to fluvial influences. This means that the pollen assemblages may
have a large regional source area, and since pollen is affected by the different dispersal rates
of taxa (West, 1980) the assemblages may be biased. This site was also found to contrast
with sites away from fluvial influence in the central North Sea such as those in BH 81/34
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Chapter 2: Background information

and 81/29 (Ansan 1992; Ekman, 1994, in press) and also the record of a cold stage in
BH81/26 from the northern North Sea (Ekman and Scourse, 1993).

The pollen assemblages studied by Ansari (1992) showed a series of floristic changes

which enabled the pollen diagram produced to be divided into four major pollen zones and
five further subzones (Fig 2.4). These show that there is a gradual shallowing of sea level
towards the top of the part of the core studied from the Sand Hole Formation. High
frequencies of Picea, Abies and Empetrum, and the presence of Pterocarya made
correlation of this pollen with the Ipswichian/Eemian interglacial stage unlikely (Tumer,
1970; Ansan 1992). It appeared that correlation with the Hoxnian/Holsteinian stage was
more likely. The BH81/52A sequence of pollen did not show a vegetational record of a
complete temperate cycle, but it did record the presence of two out of the four interglacial
substages. Above 35.7 m the pollen assemblages were better preserved and were
indicative of fully temperate conditions. This was partly based on the high frequencies of
tree taxa, and also on the presence of thermophilous angiosperms, such as Alnus,
Pterocarya and Quercus, albeit at lower frequencies. At the top of the section studied
there s a distinctive decrease in the frequencies of arboreal taxa, and concurrant increase in
the ericaceous taxa such as Empetrum (Fig 2.4). Tumer and West (1968) state that this
indicates an opening of the vegetation usually associated with deterioration of climate or
soil degradation in an area characteristic of the post-temperate substage in an interglacial
cycle. This pollen evidence suggests that the Sand Hole Formation records the end of an
interglacial and is supported by the foraminiferal (Kristensen et al., in press) and ostracod
(Ingram, in press; this study) results.

Detailed palynological investigation (Ansari 1992) of three vibrocores from the Inner Silver
Pit area indicated that the sediments were representative of the silty-clay sequence of the
Sand Hole Formation (SH) of Tappin (1991) which has only been identified in the area of

the Inner Silver Pit. The vibrocores revealed a very similar pollen assemblage to that found
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Chapter 2: Background information

in the silty-clay sequence of the borehole. The pollen diagrams from the vibrocores could

clearly be correlated with various parts of the pollen diagram of BH 81/52A (Fig 2.5).

2.1.6 Essex

The area around the second site investigated in this study consists of a broad tract of land
running parallel to the coastline of eastern Essex, extending from the Thames Estuary in
the south to the Blackwater Estuary in the north (Fig 2.6). The bedrock topography of
the Southend Peninsula is dominated by the broad arcuate nidge which curves between
Southend and Canewdon. The ndge is flanked by two steeply incised, channel-like
depressions. The first trends eastwards past Shoeburyness and onto the coast where it
widens and deepens achieving a maximum depth of ¢. -15 m O.D. The second is a larger
feature which forms an arc around Rochford (Roe, 1994). Only the former depression and
its associated deposits will be considered in this study. Most of the region around
Shoeburyness is lowland, the highest ground in the area occuring on the west of the
Southend Peninsula at 40 m O.D. It declines gradually to the east toc. 15 m O.D.

History of Pleistocene research in eastern Essex

Most of the early work in eastern Essex focussed on the origins of the terrace gravels. The
first major study was that of Wood (1866a), who described a "broad sheet of gravel”
stretching between Kent and the Blackwater Estuary. He considered that this 'East Essex

gravel' "intimately resembled the Thames gravels of the London area, both in constituent
material and thickness" (Wood, 1866b). Later these ideas were dismissed by Whittaker
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