
CONTENTS

CHAPTER ONE

BACKGROUND TO THE RESEARCH AND REVIEW OF DENSITY AND TURBIDITY
CURRENT FLOW

1.1 Project rationale 1
1.2 Introduction to the review 2
1.3 The physical study of turbidity currents and turbidites 3

1.3.1 The definition of turbidity currents 3
1.3.2 The vertical sequence of sedimentary structures and fades models

associated with turbidites 5
1.3.3 Hydrodynamic interpretations of the Bouma sequence 8
1.3.4 Hydraulic jumps in turbidity currents 12
1.3.5 Measurements from natural turbidity currrents 14

1.4 The experimental modelling of turbidity currents 14
1.4.1 Experimental investigations using suspended sediment 14
1.4.2 Deposition of sediment 16

1.5 The mechanics of density current flow 17
1.5.1 Introduction 17
1.5.2 The motion of the head of a density current 17

1.5.2.Í Theoretical considerations 17
1.5.2.Ü Experimental investigations 20

1.5.3 The internal structure and mixing processes associated with
the head of a density current 22

1.6 The reflection of turbidity currents 24
1.6.1 Some examples of the reversal of turbidity currents 24
1.6.2 Experimental studies of the reflection of density currents 29

1.7 The hydrodynamic studies of bore formation 29
1.8 Internal solitary waves: theory and experimental studies 34

1.8.1 Introduction 34
1.8.2 Surface solitary waves 35
1.8.3 Internal solitary waves 37
1.8.4 Shallow water theory 38
1.8.5 Deep water theory 41
1.8.6 Finite depth theory 43
1.8.7 Experimental observations of internal solitary waves 44
1.8.8 Other theoretical and experimental considerations 46

1.9 Summary 46



VIII

CHAPTER TWO

EXPERIMENTAL STUDY OF THE INCIDENCE OF DENSITY
CURRENTS UPON RAMPS AND OBSTACLES.

2.1 Introduction and aims 49
2.2 Why turbidity currents are modelled and the problem of dynamic similarity 49
2.3 Procedures used in the present experiments 50

2.3.1 Apparatus used in the present experiments 50
2.3.2 Flow visualisation techniques used 55
2.3.3 Flow analysis techniques used 57

2.4 Sources of error in the experiments 57
2.4.1 Errors encountered during experiment set-up 58
2.4.2 Errors encountered during the experiments 58
2.4.3 Errors encountered during the analysis of the experiments 59

2.5 Outline of experimental programme 59
2.5.1 Experimental rationale and notation used in the experiments 59
2.5.2 Summary of experiments conducted 60

2.6 Characteristics of the Forward Flow 62
2.6.1 Introduction 62
2.6.2 Velocity profiles of the forward flow 62
2.6.3 Variation in the head height 64
2.6.4 Controls on the velocity of advance of the head of density currents 64
2.6.5 Variation of the body height behind the head 71
2.6.6 Flow within the tail of the forward flow 71

2.7 Nature of the current generated by the incidence of a restricted density current
upon a ramp 71

2.7.1 Introduction 71
2.7.2 Incidence of the density currents in experiments FE/1.068

and S15/1.068 on ramps of 15° 73
2.7.3 Flow motion at the ramp incurred by the incidence of a density current..80
2.7.4 Variation in the form of the reversed flow 84
2.7.5 Velocity profile of a type C reverse flow 89
2.7.6 Variation of crestal velocities of the reverse flow 91
2.7.7 The numbers of waves associated with a weak bore 95
2.7.8 Internal flow characteristics of the reversed flow 95

2.8 Processes involved in the generation of a reversed density current I05

2.8.1 Reverse flow genesis at the ramp 105



IX

2.8.2 Evolution of the reverse flow 109
2.8.2.Í Recap of the evolution of the reverse flow 109
2.8.2.Ü Generation of a bore by the gravitational collapse of a denser
fluid into a layered system I l l
2.8.2.iii The generation of bores by the intrusion of a density current
underneath a layered fluid system 113
2.8.2.iv Comparison of the generated bores with density current and
internal solitary wave theories 113

2.9 The incidence of unrestricted density currents upon planar ramps 117
2.10 The incidence of a restricted sediment suspension current upon a planar ramp 125
2.11 The generation of bores during flow stripping 128
2.12 Summary of the experimental investigations 132

CHAPTER THREE

A MODEL FOR THE INCIDENCE OF GRAVITY CURRENTS
ON OBSTRUCTIONS TO FLOW AND A DISCUSSION OF ITS

APPLICABILITY TO MODERN AND ANCIENT TURBIDITE
SYSTEMS

3.1 Introduction 137
3.2 A model for the incidence of density currents upon

flow obstructions 137
3.2.1 Introduction 137
3.2.2 A simplistic model 138
3.2.3 Applications of the model to more complex situations 141
3.2.4 Velocity characteristics of the generated bores 141

3.3 The model with respect to turbidity current systems 142
3.4 Bores and recent turbidity currents 144
3.5 Bores in the Windermere Group, England 147
3.6 Concluding remarks 150

List of references 153


