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Abstract

The recognition and mapping of planar terraces on the York Moraine led to the belief
that these were shorelines of the Late Devensian proglacial Lake Humber and the
hypothesis that the progressive demise of the lake was recognisable from stillstands.
To test this, landform mapping was initiated across the Vale of York and the flanks of
the Wolds between Pocklington and Hessle to identify and record planar land
surfaces, which had distinct topographic boundaries resulting from erosional and

depositional processes.

The results of this study confirmed the early shoreline mapping and identified
strandlines, at lower elevations, down to a terminal lake level of 5.0 m OD. Erosional
and deposition effects associated with both stands and retreat stages of Lake
Humber have deposited a sand mantle up to 2.0 m thick on the southern face of the
York moraine from transgressive and regressive shorelines. In addition, two sets of
alluvial fans, originating from dry valleys in the Wolds from frost-fractured Chalk
formation were recognised. The older set were terraced by shorelines of Lake
Humber, in contrast to the younger set, which clearly post-dated Lake Humber.
Corroborative evidence for the existence of the shorelines has been provided by
photography and LIDAR imagery. An additional objective was to establish a
chronology for key mapped landforms based on luminescence dating of sand samples
from shoreline deposits and younger fluvial events. To achieve this 18 sand samples

were collected and dated.

The main conclusions of the research are that the older periglacial alluvial fans are
from an earlier cold glacial period (possibly MIS 8) and that the younger Late
Devensian (MIS 2) glaciation retreated north of the York Moraine about 17 ka BP
prior to the main phase of impounding Lake Humber. The dating of this event
conforms with OSL dating of c. 15.9 ka and c. 15.2 ka obtained from sand samples on
the York Moraine. The existing two stage model of proglacial Lake Humber has been
revised and mapped shorelines, of this lake, now define an 8-stage regressive decline
model for Lake Humber, from a high level Stage 1 at 42 m OD down to a low level

(partly fluvial) Stage 8 at 5.0 m OD. Mapping has also revealed that the decline
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sequence appears to have been punctuated by short-lived, modest rises in lake level
from oscillations of the blocking North Sea Ice Lobe. It has been established that the
southward slope of the Vale of York is testimony to Holocene flooding and not to

isostasy.

The landform mapping also indicates that the gravels forming the Crockey Hill ‘esker’
probably originated as a fan delta from a drainage gap in the York Moraine, south of
York, and that terraces in the Aire and Calder valleys are coeval with stands of Lake

Humber.

il



Acknowledgements

| wish to thank Sheffield University and in particular Professor Mark Bateman for
accepting me as an older aged Ph.D. student so that | could complete a research
project on post-glacial landforms in the Vale of York. The guidance and help provided
by Professor Bateman, in allowing me to generate a chronology for my mapped
landforms by Optically Stimulated Luminescence, is greatly appreciated, as it has
added significantly to my research and produced some totally unexpected results of
events not previously identified in the Vale of York. | would also like to thank Rob
Ashurst for his good humour while supplying me with endless support in the
preparation of my OSL samples in the laboratory. The patience of other post-
graduates in providing me with technical assistance is also appreciated. | would
finally like to thank Alison Rothwell for her expertise in typing and collating my Thesis.

v



Title Page
Abstract

Acknowledgements

Contents

PART 1

1. INTRODUCTION

2. HISTORICAL REVIEW OF THE QUATERNARY OF THE VALE OF YORK

3.  THE QUATERNARY GLACIAL RECORD

3.1.
3.2.

3.3.

3.4.

3.5.

4.  PHYSIOGRAPHIC EVOLUTION OF THE LATE DEVENSIAN EAST COAST

Summary
The Last British-Irish Ice Sheet

The Vale of York Glacial Record
3.3.1. Pre-lpswichian

3.3.1.1. Brayton Barff
3.3.1.2. The Snaith Ridge
3.3.2. Late Devensian
3.3.2.1. York Moraine
3.3.2.2. Escrick Moraine
3.3.2.3. Vale of York Till
Holderness
3.4.1. Humber Till

Lake Humber

PRO-GLACIAL LAKES

4.1.
4.2.
4.3.
4.4,
4.5.
4.6.
4.7.

Glacial Lake Wear

Glacial Lake Tees

Glacial Lakes Eskdale and Pickering
Yorkshire Wolds

Lake Fenland

Lake Humber

Summary

5. VALE OF YORK OBJECTIVES

il

v

11
11
14
19
19
20
21
24
26
34
36
37
41
43

49
51
51
52
52
53
54
56

57



PART 2

6. LANDFORM MAPPING

6.1.
6.2.

Introduction

Terracing and Planar Landforms
6.2.1. Previous Recognition
6.2.1.1. Glen Roy
6.2.1.2. Lake Agassiz
6.2.2. Mapping Methods
6.2.3. Analogues
6.2.3.1. Saimaa Lake

7. LANDFORM MAPPING RESULTS

7.1.
7.2
7.3.

7.4.

7.5.
7.6.
7.7.

7.8.

7.9.

52 Metre Strandline
42 Metre Terrace (Stage 1)

40 Metre Terrace (Stage 2)
7.3.1. York Moraine

7.3.2. The Wolds

7.3.3. Hotham Valley

7.3.4. Brayton Barff

33 Metre Terrace (Stage 3)
7.4.1. York Moraine

7.4.2. The Wolds

7.4.3. Brayton Barff

The 100 Foot Strandline (Stage 3)
30 Metre Formline/Strandline
25 Metre Terrace (Stage 4)

7.7.1. York Moraine
7.7.2. Escrick Moraine
7.7.3. The Wolds

20 Metre Terrace (Stage 5)
7.8.1. York Moraine
7.8.2. The Wolds
7.8.3. Triassic Ridges
7.8.3.1. Brayton Barff
7.8.3.2. Snaith Ridge

7.8.4. Eskers
7.8.5. Fan Deltas
15 Metre Terrace (Stage 6)

7.9.1. York Moraine
7.9.2. Escrick Moraine
7.9.3. The Wolds
7.9.4. Triassic Ridges
7.9.4.1. Brayton Barff
7.9.4.2. Snaith Ridge
7.9.5. The Permian Escarpment

60
60

62
62
65
66
67
69
69

71
71

73

74
75
78
79
80

81
81
85
89

89
94

95
95
98
98

99
100
103
106
107
107
109
112

114
114
115
115
117
118
118
121

Vi



7.10. 10 Metre Terrace (Stage 7)
7.11. 5 Metre Terrace (Stage 8)

7.12. Alluvial Fans
7.12.1. Older Alluvial Fans
7.12.2. Younger Alluvial Fans
7.12.3. Discussion

7.13. lIsostasy
7.14. Aire and Calder River Terraces
7.15. Dry River Valleys

7.16. Pre-Holocene Drainage

7.16.1 Transgressive Shoreline Erosion
7.16.1.1.Sand Screes

7.16.2. Damming Effects

7.16.3. Meltwater Channels
7.16.3.1.York Gap
7.16.3.2.Healaugh Gap
7.16.3.3.Askam Bog and Knavesmire
7.16.3.4.Lincoln Gap

7.16.4. Lateral Erosion Channels
7.16.4.1.York Moraine
7.16.4.2.Escrick Moraine

7.16.5. Underfit Valleys
7.16.5.1.Great Marsh
7.16.5.2.The Fleet
7.16.5.3.Stillingfleet Beck

LIDAR IMAGERY
8.1. Introduction

8.2. Landform Mapping
8.2.1. York Moraine
8.2.2. Everthorpe — South Cave
8.2.3. Conclusions

OPTICALLY STIMULATED LUMINESCENCE

9.1. OSL Dating

9.2. Sampling Strategy

9.3. OSL Sample Collection and Preparation

9.4. Dose Rate Determination

9.5. Determination of the Palaeodose or Equivalent Dose (De)
9.6. Recuperation

9.7. Preheating

9.8. Feldspar Contamination

9.9. OSL Dating Results

9.10. Conclusions

121
126

128
129
132

134
135
138
141

142
142
143
144
145
146
147
147
147
150
150
153
156
156
156
156

158
158

159
160
165
168

169
169
169
170
176
178
180
180
181
182
188

vii



PART 3

10. A REVISED STRATIGRAPHIC INTERPRETATION OF LATE
DEVENSIAN/EARLY HOLOCENE LACUSTRINE AND FLUVIAL
SEQUENCES

10.1.

10.2.

Hemingbrough Glaciolacustrine Formation
10.1.1. Park Farm Clay Member

10.1.2. Lawns House Farm Sand Member
10.1.3. Thorganby Clay Member

10.1.4. Summary

Breighton Sand Formation
10.2.1. Bielby Sand Member
10.2.2. Skipwith Sand Member
10.2.3. Naburn Sand Member

11. MAMMALIAN DEPOSITS CHRONOLOGICAL IMPLICATIONS

11.1.
11.2.

11.3.

Ipswichian

Marine Isotope Stage 7
11.2.1. Bielsbeck Farm
11.2.2. Mill Hill - Elloughton

Brantingham Bone Fragment

12. RE-APPRAISAL OF THE EAST PENNINE SUITE OF GRAVELS

12.1.
12.2.

12.3.

PART 4

Younger Pennine Glacial Sand and Gravel

Thorne-Wroot Gravels

12.2.1. Glacial Association

12.2.2. Physiography and Stratigraphy
12.2.3. Age

Linton-Stutton Gravels

13.  SUMMARY

14. CONCLUSIONS

15. APPENDIX

16. REFERENCES

193

193
194
197
198
199

200
202
202
203

204
204

205
205
207

208

209
209

212
213
213
213

214

217

223
226

228

viii



MAPS Page

Figure 14. Geomorphological map of the York and Escrick Moraines 74b
Figure 15. Landforms in the region of Pocklington 77

Figure 16. Geomorphological map of the face of the Wolds between 80b
Market Weighton and Hessle

Figure 17. Geomorphological map in the region of Selby, Brayton Barff 82b

and Snaith
FIGURES Page
Figure 1. Location plan of landform mapping. 4
Figure 2. Map showing the extra-morainic or proglacial lake mapped 9
by Henry Carvill Lewis.
Figure 3. Oxygen isotope record (ODP 677). 13
Figure 4. Greenland (GRIP Summit) oxygen isotope record. 13
Figure 5. Modelled British-Irish Ice Sheet during the last glacial 16
maximum.
Figure 6. Reconstructed pattern of ice retreat following the last 17
glacial maximum.
Figure 7. Section through glacial deposits on Brayton Barff. 21
Figure 8. Glacial deposits on the Snaith Ridge. 22
Figure 9. Plan of east coast pro-glacial lakes. 49
Figure 10. The Market Weighton spillway. 53
Figure 11. Schematic diagram of the 2-stage decline model for Lake 57
Humber (after Gaunt, 1981).
Figure 12. Shorelines developed around Lake Agassiz, North America. 67
Figure 13. Diagram of the components of the landform mapping. 68
Figure 18. Erosional surface on the 33 Metre Surface at Street Houses. 85
Figure 19. Sand and gravel on the 33 m terrace near Everthorpe. 87
Figure 20. Location plan of the 100 Foot Strandline. 90

Figure 21. Section in a pit showing gravels on the 100 Foot Strandline. 91
Figure 22. Cross-bedded gravels in Prescott’s Pit. 105

Figure 23. Section near Great Heck Station showing cross-bedded sand 108
and gravel.



Figure 24.

Figure 25.

Figure 26.
Figure 27.
Figure 28.

Figure 29.

Figure 30.

Figure 31.

Figure 32.

Figure
33a-d.

Figure 34.

Figure 35.

Figure
36a-d.

Figure 37.

Figure 38.

Figure 39.
Figure 40.

Figure 41a.
and 41b.

Figure 42a.
and 42b..

Figure 43.

Figure 44.

Figure 45.

Figure 46.

Figure 47.

Diagrams of fan deltas from Nemec (1990a)

Section along the disused railway line between Selby and
York.

Schematic model of a basin undergoing differential isostasy.

Schematic diagram of the sand scree on the York Moraine.
Map of the Lincoln Gap.

Elevation changes of the 20 Metre Surface east of the York
Gap.

Drainage channel incised through the 20 Metre Surface.

Erosion channel along the northern face of the Escrick
Moraine.

Principles of LIDAR collection.

Geomorphology and LIDAR imagery on Mill Mound.

LIDAR profile graph A-B on the York Moraine below Mill
Mound.

LIDAR profile graph C-D at ‘The Retreat’ on the York
Moraine.

Geomorphology and LIDAR imagery at Everthorpe.

Section and sample location plan; York Moraine to Escrick
Moraine.

Section and sample location plan; Brayton Barff to
Kellington.

Sample location plan near Pocklington.
Sample location plan; Market Weighton to Hessle.

OSL SAR growth and shine down curves.

Plots of OSL preheat test and recycling ratio.

Plots of De probability distributions.

Highly contorted beds of laminated clay at the York Railway
Station.

Distribution of laminated clays on the Selby 1: 50 000 sheet.

Distribution of the Breighton Sand Formation on the Selby
1: 50 000 sheet.

Section at the Bielsbeck Farm mammalian site.

113

123

136

143

149

151

152

155

159

161 & 162

164

164

166 & 167

172

173

174

175

178 & 179

180 & 181

189-192

195

198

201

205&206



Figure 48.
Figure 49.
Figure 50.
Figure 51.

Figure 52.

PLATES

Plate 1.
Plate 2.
Plate 3.
Plate 4.
Plate 5.
Plate 6.
Plate 7.
Plate 8.
Plate 9.
Plate 10.
Plate 11.
Plate 12.

Plate 13a.
and 13b.

Plate 14.
Plate 15.
Plate 16.
Plate 17.
Plate 18.
Plate 19.

Plate 20.

Section through the Mill Hill gravels at Elloughton.
Location plan of the Thorne-Wroot Gravels.

Location plan of the Linton-Stutton gravels.

Section through the Linton-Stutton gravels at Wingate Hill.

Schematic diagram of the proposed 8-stage decline model

for Lake Humber.

A column from the Roman basilica.

A boulder of Shap Granite in Museum Gardens, York.
Till overlying Triassic sandstone at Bilbrough.

Gravel covered till on Severs Howe.

Excavated till on the slope of the York Moraine.

Stacked boulders above the 40 m terrace at Bilbrough.

OSL sand sample site below Severs Howe.

OSL sample point in a roadcut east of Bilbrough.
Rabbit burrows in the sand scree at York University.
Till exposed in the Vale of York.

Laminated silts overlying grey till at Red Cliff.
Parallel roads of Glen Roy.

Erosional shorelines of Lake Saimaa, Finland

The 40 m strandline south of Bilbrough.
The 40 m strandline north of Bilbrough.
Sand and gravel in a roadcut below Mill Mound.

The 33m strandline below Siward’s Howe.

The back-wall of the 33 m terrace south of Bilbrough.

The 33m and 40 m strandlines in Hotham Creek.

The 30 m formline on Mill Mound.

208
212
215
216

220

Page

27
29

30

32
33
34
37
42

65

69 & 70

75

76

82

83

84

87

94

xi



Plate 21.
Plate 22.

Plate 23a.
and 23b.

Plate 24.
Plate 25.
Plate 26.
Plate 27.

Plate 28.

Plate 29.

Plate 30.
Plate 31.
Plate 32.

Plate 33.

Plate 34.
Plate 35.
Plate 36.

Plate 37a.
and 37b.

Plate 38.

Plate 39.

Plate 40.

TABLES

Table 1.
Table 2.
Table 3.

Table 4.

The back-wall of the 25 m terrace near York University.
The 25 m terrace west of ‘The Retreat’.

Back-wall of the 20 Metre Surface rising to the 25 m
terrace.

Back-wall of the 20 m terrace below ‘The Retreat’
Cross-bedded gravels in Prescott’s Pit.

Coarse, poorly sorted gravels near Middlethorpe.
Cross-bedded sands and gravels on Skipsea Till at Red Cliff.

Chaotic sand and gravel under the 15 Metre Surface at
Pollington.

Sand and gravel on Sherwood Sandstone below the 15
Metre Surface at Hensall.

Sand lens in laminated clay at Newton clay pit.

Back-wall of 5 Metre Surface south of Snaith.

Erosional scarp above the 5 Metre Surface at Camblesforth.

Interbedded sand and flint gravel in the North Cave
Wetlands.

Pocklington Gravel Formation in trenches at Pocklington.
Gravel pit in Younger Alluvial Fans near Market Weighton.
Flooding in Stillingfleet Beck.

The Hemingbrough clay pit.

Quarry section of the ‘Younger Glacial Sand and Gravel’ at
Hensall.

Cross-bedded, rippled and horizontally bedded sand above
the ‘Younger Pennine Sand and Gravel’ at Pollington.

Thorne-Wroot Gravels on cryoturbated Sherwood
Sandstone at Lindholme Hall.

Summary of chronological data.
Chronological data relevant to Lake Humber.
OSL results.

Chronology of the multi-stage demise of Lake Humber.

96
97

101

102
106
112
117

119

120

125
127
128

131

133
134
157

196

210

211

214

Page
47
48

177

225

xii



PART |
1. INTRODUCTION

Historically the Vale of York, and in particular the York Moraine, first came into
prominence when in 69AD Petilius Cerialis, the commander of the Ninth Roman
Legion ‘Hispana’, marched northwards from Lincoln along a route which is now the
A15 (Ottaway, 2001). The Legion crossed the Humber in the region of Brough and
eventually, about 71AD, reached a slightly elevated plateau of land (the York Moraine)
between the Fosse and Ouse rivers where a fortress was established (Ottaway, 2001).
The fortress named Eboracum became the City of York (Ottaway, 2001). The chosen
site had a number of advantages: it provided a good vantage point looking south down
the Vale of York and the steep slopes, on the southwestern side of the fortress, leading
down to the River Ouse, could be easily defended. The navigable River Ouse also
provided good communication to the Humber Estuary and the North Sea. The Romans
had some awareness of geology and even if they were unaware that the hills around
Eboracum had no natural source for building stone this fact would have soon become
apparent to them. Initially this would have been of little consequence, as the defence of
the fortress would have consisted of a ditch and rampart topped by a timber palisade. It
is probable that the only building inside the fortress to be built of stone, apart from the
bath house, would have been the basilica — a great aisled hall with arcades supported by
stone columns. One of these columns, found where it fell, was discovered in
excavations below York Minster and has since been re-erected near the south door of

the Minister (Ottaway, 2001; Plate 1).



Plate 1. A column from the Roman basilica re-erected near York Minster.
The red tiles used to repair the column were probably made from laminated
clays worked from pits in the Vale of York. (Photograph. W.A Fairburn.)

The stone quarried to build this column (and presumably the first building stones to ever
be used in York) is Millstone Grit, which may have been quarried from outcrops west of
Wetherby (Ottaway, 2001) or even possibly from the Skell Valley near the site for
Fountains Abbey. When the wall around the fortress was built about the middle of the
ond century stone was brought to York from quarries in the Permian Magnesian
Limestone near Tadcaster: the stone being transported by barge down the River Wharfe
and on the rising tide up the River Ouse to York (Knight, ¢.1950). Other natural
resources worked by the Romans included gravel and cobbles from the York Moraine
for use in road construction (Ottaway, 2001), and laminated clays, possibly excavated
from clay pits near Hoggs Pond [SE 581 492] or elsewhere on Hob Moor [SE 584 505]
(north of Askam Bog, Fig. 14) at elevations below 10 m above OD, used in the

manufacture of tiles for building and decorative purposes.



Petilius Cerialis, at Eboracum, would not have been aware that he was looking down a
glacial valley the framework of which had been established between the Late Devensian
and the early part of the Holocene, or that much of the Vale of York would be below sea
level, but for the covering of till and glacial sediments over glacially-eroded bedrock.
As pointed out by Parsons (1887), the Vale represents the most recent page in the

evolution of the region ‘where geology merges into history’.

My personal interest in the York Moraine and the Vale of York commenced during the
summer of 2006 while traversing over the York Moraine near York University.
Observations at the time included two facts which seemed to be at variance with or were
not included in the published literature of the region (e.g. Kendall & Wroot, 1924;
British Geological Survey, 1983b). These were:

» the flanks of the moraine were sand draped and essentially stone free below about
30 m above OD. Above this level, gravels overlying till could be observed in crestal
locations partly facilitated by road works and other excavations. In places,
concentrations of glacial cobbles suggested reworking of the moraine and the
accumulation of lag deposits;

= the moraine also appeared to be a tiered feature with laterally continuous horizontal
terracing conspicuous at 20 m and 25 m above OD. Crestal regions of the moraine

were also planar, in part, between 30 m — 35 m above OD.

In addition to the above features, the base of the moraine provides a distinct and
mappable boundary, at about 15 m above OD, against the level surface of the plain of

the Vale of York.

These observations, while forming only an early part of an on-going investigation, led
to the development of a hypothesis that reworking had taken place on the moraine along
shorelines of a regressive lake margin (i.e. pro-glacial Lake Humber). Preliminary
mapping of these features resulted in the preparation of a landform based map of part of
the Vale of York covered by the North Sheet of the 1:25 000 Ordnance Survey map
(Sheet 290) of York, Selby and Tadcaster. This area of about 500 km? straddles a
central part of the Vale of York and lies within parts of the British Geological Survey



1:50 000 series sheets of Harrogate (1987), York (1983b), Leeds (2003) and Selby
(2008) as shown on Figure 1.
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Figure 1. Location plan of landform mapping. The extent of the glacial lake deposit and the limit of Late Devensian ice are
adapted from Ford et al. (2008).

Publication of the mapping was contained in an article for the Yorkshire Geological
Society (Fairburn, 2009). For the purposes of the current text, this early mapping has
been modified slightly to conform with more recent mapping (Fig. 14). This landform
mapping was later extended to cover an additional 400 km? over the South Sheet of the
1:25 000 Ordnance Survey map Sheet 290, an area that covers the southwestern corner
of Selby (British Geological Survey, 2008), the southeastern corner of Leeds (British
Geological Survey, 2003) and two ridges of Triassic sandstone that extend across the

Vale of York at Brayton Barff and west of Snaith (Fig.17).

Additional mapping, also part of the original study of the northern part of the Vale of
York, was an investigation of the geometry of the Older Littoral Sand and Gravel
described by Gaunt (1981) in the region of Pocklington and Barmby Moor and depicted
on the older Selby 1:50 000 geological sheet (British Geological Survey, 1973b). The

results of this work, covering just over 100 km?, were published by the Quaternary



Research Association (Fairburn, 2011), and indicated that the Older Littoral Sand and
Gravel was more likely to be of fluvioglacial origin, with the sediment forming distinct
fans, as indicated by Ford et al. (2008). An updated copy of the mapping is included
here in Figure 15. This mapping was later extended to include an area of nearly 150 km?
along the western slope of the Yorkshire Wolds between Market Weighton and Hessle
(Figs 1 and 16). Altogether this work has involved hundreds of hours in the field and
hundreds of miles of traversing over every accessible road, track or right-of-way in the

mapped area.

The aim of the mapping and the principal purpose of this thesis is to present a re-
interpretation of the Late Devensian to early Holocene physiographic evolution of the
Vale of York, based on a multi-stage decline system for Lake Humber punctuated by
modest rises in lake level. Such a model would have to include an explanation for the
planar landforms or terracing on the York Moraine, referred to above, as well as
fluvioglacial deposits on the Wolds. This contrasts with the two-stage lake withdrawal
model of Gaunt (1976b), which does not recognise any terracing in the Vale of York
between his two lake stages (i.e. between high-level and low-level Lake Humber, Fig.
11). Based on the results of research by Hughes (2008), which details the retreat of the
Last British-Irish Ice Sheet, an explanation for fluctuations in the level of Lake Humber
can most likely be provided by oscillations of the North Sea ice lobe during its

northward retreat and not by moraine in the Humber Gap.



2. HISTORICAL REVIEW OF THE QUATERNARY OF THE VALE OF YORK

A brief historical review of research in the Vale of York and related areas, including
that preceding acceptance of a glacial origin for the Vale of York, has been included to
highlight the work of the early pioneers. Much of the detailed work that was

accomplished is still relevant at the present day.

For more that 180 years the nature, origin and depositional history of superficial
deposits masking bedrock in the Vale of York and in the Yorkshire Dales has been a
matter of debate. Even at the present day, despite increased knowledge gained from
detailed mapping by the British Geological Survey (BGS) and a wider based
chronology gained by new dating methods, controversy still exists on the recognition,

extent, dating and correlation of these deposits.

Prior to 1840, there was a general belief that these deposits (known as diluvium), some
of which contained exotic rocks that could not have been locally derived, were the result
of the Biblical deluge (Noah’s Flood). John Phillips, for instance, who was to become
the first Keeper of the Yorkshire Museum, read a paper to the Yorkshire Philosophical
Society in 1826 based on his detailed observations on the distribution of Shap Granite
(Phillips, 1827). Phillips was able to trace boulders of the granite from Shap Fell across
the Pennines by way of Brough and Stainmore through Teesdale to Barnard Castle and
Darlington. Boulders were also located in the Vale of York between Thirsk and
Pocklington, in gravel pits around York and along the Yorkshire coast between Redcar,
Scarborough and Flanborough Head. Boulders of Shap Granite, which can now be seen
in the gardens of the Yorkshire Museum, were actually extracted from excavations

during the construction of the York Railway Station in the 1870’s (Plate 2).



Plate 2. A boulder of Shap Granite in the Museum Gardens at York extracted from excavations at the York Railway Station in
the 1870’s. (Photograph. W.A Fairbutn).

Based on his observations, Phillips deduced that the diluvial deluge had moved in an
easterly or southeasterly direction. Such a direction differed from the opinions of
William Smith who favoured a westerly direction (a personal communication to

Phillips) and William Buckland (1823) who preferred a southerly direction.

Buckland, who was also a strong advocate of the diluvial theory, believed that the bones
found in the Kirkdale Cave, while being the remains of the food of a pack of hyenas,
were contained in mud derived from the great flood (Boylan, 1977): a conclusion he
believed was ‘in full agreement with the words of the Book of Genesis’ (Osborne,

1999).

The glacial theory, that superseded the diluvial hypothesis, was largely due to Agassiz
and Charpentier and their work in tracing the ancient limits of Alpine glaciers
(Melmore, 1935). Buckland, who was perhaps the first geologist to use the term
diluvium, came to accept there had been land-based glaciers in Scotland following a
visit to Switzerland with Agassiz in 1838. Agassiz then came to Scotland in 1840, with

Buckland, and during a tour of the highlands, which included Glen Roy, recognised



abundant evidence of glaciation. In Glen Roy, Agassiz explained the Parallel Roads as
the imprint of a former ice-dammed lake (Lowe et al., 2008). Armed with this
knowledge Buckland was able to present his new beliefs to the Geological Society at
three meetings of the Society in late 1840. He was supported at these meetings with

presentations by Agassiz and Lyell (Boylan, 1981).

Despite the pioneer work of Buckland and Agassiz, the starting point of modern glacial
geology in England has been attributed, by Kendall & Wroot (1924), to Henry Carvill
Lewis and the publication of his text ‘The Glacial Geology of Great Britain and Ireland’
in 1894. In this volume Lewis (1894, Map II) shows lines of ice flow from the Yorkshire
Dales (apart from Swaledale) extending into the Vale of York and along the coast of
Holderness: the moraine boundary of his ice sheet closely resembling present-day
mapping. Lewis (1894, Map IV) also envisaged a great North Sea glacier blocking the
mouth of the Humber, The Wash and other drainage exits from Norfolk to trap a fresh-
water extra-morainic lake referred to by Lewis (1894, p. 62) as Lake Humber (Fig. 2).



Figure 2. Map showing the extra-morainic or pro-glacial lake mapped by Henry Carvill Lewis (1894) that lay trapped between the
great wall of the North Sea glacier and the southern edge of an onshore ice sheet that stretched across northern England
into Wales. This lake was considered to have risen to an elevation of 400 ft (122 m) above OD before overflowing into
the Bristol Channel and the River Thames.

He estimated that the water level in this lake could have risen to the 400 foot contour
(122 m), an elevation that would have included the Vale of Pickering and caused the
great lake to overflow into the Vale of Evesham, the Severn Valley and along the
Thames Valley to London. There is, however, little evidence available for the extent of
such a lake as the highest possible lake level in the Vale of York (without allowing for
isostatic recovery) would be the 52 m strandline at the western exit of the Market

Weighton spillway recognised by Penny (1974). In the Lower Tees Basin (Murton &



Murton, 2011) a massive clay unit cropping out at c. 90 m above OD (Radge, 1939) has
not been established as glaciolacustrine in origin and hence indicative of a high-level
phase of Lake Tees (Murton & Murton, 2011). More recent mapping of the extent of
Lake Humber and its continuation to the south as Lake Fenland, by Straw (1979) and
Clark et al. (2004) after Gaunt (1976a), shows more restricted bodies of water trapped
by the wall of the North Sea ice.
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3. THE QUATERNARY GLACIAL RECORD

3.1. Summary

It is now known that the ‘Great Ice Age’, now commonly referred to as the Quaternary
Ice Age, commenced about 2.58 Ma BP (Gibbard & Head, 2010). Within this period
marked climatic changes, recorded from the '*0/°0 ratios found in benthic foraminifera,
appear to have been caused by long-term cyclical variations in solar energy associated
with the Earth’s orbital periodicities (Lowe & Walker, 1997; Merritt et al., 2003). Based
on these cycles, at roughly 100 ka intervals, there could have been 8 to 10 glacial events
(or stadials) separated by interglacials (or interstadials) as illustrated in Figure 3 between
marine isotope stage 22 (MIS 22) and MIS 2 (Funnell, 1997; Merritt et al., 2003, fig. 29).
Terrestrial equivalents in the Quaternary succession of the UK, for most of these glacials,
is however lacking and reliable evidence appears to be restricted to the existence of only
three glaciations. These are the Anglian glaciation (MIS 12), the Saalian (or Wolstonian)
glaciation (MIS 6-10) and the Late Devensian glaciation (MIS 2).

The Anglian glaciation was the most extensive of the Pleistocene (Ehlers & Gibbard,
1991) and during its culmination a continental glacier covered much of the British Isles.
It is known to have extended as far south as the outskirts of the future site of London
and established the present lower course of the River Thames (Funnell, 1997). This

glaciation is thought to have occurred between 480 ka — 430 ka BP (Catt, 2007).

The concept of a Middle Pleistocene, pre-Ipswichian/post-Anglian glaciation, given the
name Wolstonian, was established from a stratotype in north Warwickshire, even
though the glacial sequence at this site has not revealed any interglacial Hoxnian
deposits beneath it (Shotton, 1973). This glaciation was thought to cover a cycle from
cold protoglacial, through full glacial to a period of ice retreat (Shotton, 1973) but could
have occurred at any time between MIS 10 and MIS 6 (350 ka — 128 ka BP, Catt, 2007).
The status of the Wolstonian glaciation, in the Midlands, remains controversial as
outlined in a review by Rice & Douglas (1991) who suggest that glacial beds, at the
Wolston type site, cannot be related directly to dated interglacial deposits and that
fluvial sands and gravels, underlying the Wolstonian glacial deposits, can be traced to

East Anglia where they underlie deposits of Anglian age.
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In a study of late Middle Pleistocene fluvial terrace sequences of the lower Trent system
in Lincolnshire, White et al. (2010) identified MIS 7 interglacial deposits overlying till,
which was consequently assigned to a glacial period no later than MIS 8. This glacial
episode, which was mapped down eastern England as far south as Peterborough into
The Wash basin was correlated by White ez al. (2010) with widespread glacial deposits
in Europe classified as Saalian. Support for an MIS 8 or Saalian ice sheet, extending
into central Lincolnshire and northeast Norfolk, is presented by Straw (2011), who
regards usage of the term Wolstonian for these deposits as anomalous, and by

Westaway (2010) and Langford (2012).
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The post-Anglian period includes six interglacials, the foremost among these was the

Ipswichian interglacial, which peaked about 120 ka BP during MIS stage Se (Catt,

2007). The Ipswichian is chiefly remarkable for the occurrence of hippopotamus and

other tropical or subtropical mammals in Britain, some of which have been identified in

the raised beach at Sewerby (Lamplugh, 1891; Catt & Penny, 1966). These remains

suggest that temperatures during the Ipswichian were significantly higher than the

present day with summer temperatures at least 2°C higher (Funnell, 1997). Sea levels

were some 7m higher than at present (Plimer, 2009).
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For the climatic record since the Ipswichian, new high resolution evidence derived from
cores through the Greenland ice sheet has shown that dramatic climatic changes have
occurred both on the millennial scale and over just a few years during the Devensian Stage.
During this period 24 Greenland interstadials have been identified (Fig. 4), which
commenced with abrupt warming and typically cooled over only a few thousand years to
end with a cold event (Broecker, 1994). These periods, known as Dansgaard-Oeschger (D-
O) cycles are sometimes grouped into longer Bond cycles (Fig. 4; Bond ef al., 1993).
Frequently the Bond cycles culminate in Heinrich events, which represent the discharge of
ice-rafted debris into ocean sediments from the North American Laurentide ice sheet. Such
mass wastage, by iceberg calving of the Laurentide ice sheet could have played a pivotal
role in driving world climate variability (Merritt et al., 2003; Broecker, 1994). All these
events illustrate the dynamic nature of the ice sheets, which fluctuated with time perhaps due

to cyclical variations in solar energy or even glacially imposed climate changes.

According to Chiverrell & Thomas (2010), global cooling after MIS 5 (c. 75 ka, Fig. 3),
marks the beginning of the MIS 4-2 glaciation with cold stage climatic conditions mainly
persisting from 60 ka until the termination of MIS 2 (c. 15 ka, Fig. 3). A similar climatic
break was also noted by Funnell (1997, fig. 4.5) at c. 75 ka from a pollen record in
southeast France. As a result of this climatic cooling, during the Late Devensian in MIS
2 (from 26 ka to 10 ka BP, Bowen, 1999) ice sheets developed world wide e.g. the
Laurentide Ice Sheet of North America (Mayewski et al., 1981), the Fennoscandian Ice
Sheet (Sejrup et al., 1994) and the last British-Irish Ice Sheet (Clark et al., 2012).

3.2.  The Last British-Irish Ice Sheet

It has been estimated by Clark et al. (2012), that the Last British Ice Sheet (BIIS) had an
areal extent of ¢. 840 000 km? with a probable volume of just below 800 000 km®. This
mass of ice completely covered Ireland and Scotland, extensive areas on the British and
Irish continental shelves and North Sea, and at some time was confluent with the
Fennoscandian Ice Sheet (Fig. 5; Sejrup et al., 1994). The maximum extent and
dynamics of this ice sheet in the Vale of York and related areas of Holderness and the
Humber Gap provide the basis for the currently accepted model for the evolution and
topographic expression of the Vale of York. Much of this is derived from published and
unpublished work of G.D.Gaunt (e.g. Gaunt, 1976b). They also provide the basis for a

different evolutionary model, particularly if glacial events can be related to the climatic

14



record provided by the GRIP Greenland ice-core (Bjorck et al., 1998; Fig. 4), as
indicated by Bateman et al. (2011).

Clark et al. (2012) have explained that the maximum extent of the BIIS was not
synchronous in all areas: to the northeast of Scotland and Ireland the ice reached its
maximum extent at the shelf margin around 27 ka BP, while the southern Welsh limit
and the Scilly Isles were not reached until 23 ka BP and after c. 25 ka BP respectively.
Ice advance into the Cheshire Plain has been dated at 25 ka — 21 ka BP (Clark et al.,
2012, fig. 15). This chronology for the LGM is comparable to dating by Chiverrell &
Thomas (2010) who assigned the build-up of the last BIIS to after 35 ka — 32 ka BP
with a glacial maximum between 27 ka and 21 ka BP (Fig. 4).

Dating of the Last Glacial Maximum at the south eastern margin of the BIIS is still
debated: Clark et al. (2012) have suggested that ice did not reach the east coast of
England until after 22 ka BP (based on the age of the Dimlington Silts, Penny et al.,
1969). On the Yorkshire Wolds, dating of loess at the base of the Skipsea Till implies
that ice did not reach its limit until after 17.5 £ 1.33 ka BP (Wintle & Catt, 1985), a date
that agrees with an OSL date of 17.01 + 1.33 ka from sand infilling a subglacial stream
within the Skipsea Till at Barmston (Hartman, 2011). In the Vale of York Clark ef al.
(2012) have suggested an ice advance after 23.3 ka BP (range 24.8 ka — 21.8 ka BP) for a
transient ice stream that formed part of a late surge down the east coast of England but
had retreated to the north by 20.5 ka BP (range 21.7 ka — 19.3 ka BP). This age for ice in
the Vale of York is based on the dating of loess beneath a diamicton near Ferrybridge
(Bateman et al., 2008). (It should be noted, however, that there is no other reliable
evidence for Late Devensian tills south of the Escrick Moraine.) These dates for a glacial
event in the Vale of York are in general agreement with Livingstone ef al. (2012) who
suggested a Stage | Main Glaciation through the Stainmore Gap dated to ¢. 29 ka — 23 ka
BP. Cessation of ice flow in the Stainmore Gap and the shutdown of the Vale of York ice
lobe occurred during Stage II of their Main Glaciation, an event dated before their Stage
IV Blackhall Wood Re-advance (c. 21 ka — 19.5 ka BP). Teasdale & Hughes (1999) have
also suggested a short-lived southward ice surge, between 22 ka and 18 ka BP, down the

east coast from the Firth of Forth and the Cheviot Hills to northern Norfolk.

A further indication of the age of the Vale of York glacier could be provided if it

advanced into the Vale of York during a comparable time frame to that of the Blackhall
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Till in the Tyne Valley. On the Durham coast, the Blackhall Till, capped in places by
an erosional lag-derived boulder pavement, is overlain by the Horden Till (Davies et al.,

2013a), which has been equated with the Skipsea Till by Davies & Roberts (2013).

Clark et al. (2012) have explained that the maximum extent attained by ice in north and
west England was curtailed at the edge of the continental shelf, where water was too
deep for grounded ice to advance, at a time when global sea levels were still lowering

and there was ice expansion in the southern part of the North Sea basin.
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Figure 5. Modelled British-Irish Ice Sheet after Funnell (1997) showing surface topography (in metres) and flow lines. The
maximum extent of the BIIS (red line) at the LGM is from Clark et al. (2012). Alternative models, with different ice

thicknesses have been illustrated by Hughes (2008).

The term Dimlington Stadial was proposed by Rose (1985) as a climatostratigraphic
unit to cover the phase of maximum expansion of the BIIS during the Late Devensian
between 26 ka and 13 ka '*C yrs BP. The British type site for glacial deposits within

this episode is at Dimlington in Holderness. In terms of calendar years the ice advance
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into Holderness was between c. 23 ka — 15 ka BP (Catt, 2007), which is equivalent to
GS-5 to GS-2a in the Greenland ice core chronology (Fig. 4; McMillan et al., 2011).

The pattern of retreat of the BIIS between 23 ka BP and 15 ka BP has been modelled in

detail by Hughes (2008) using remote sensing to record glacial landforms that include

moraines, meltwater channels, drumlins, eskers and ice-dammed lakes (Fig 6).
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Figure 6

Reconstructed pattern of ice retreat based on synthesis of five independent lines of evidence (moraines, eskers, meltwater

channels, flowset retreats and lake dam positions). Arrows show direction of retreat towards ice centres. Approximate

locations of glacial lakes Fenland, Humber, Tees and Wear are shown between retreating onshore ice and the North Sea

ice lobe (from Hughes, 2008).
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All five landform sets largely describe the same pattern of retreat, which Hughes (2008)
describes as robust, as the ice retreats back to multiple regional ice centres. The most
prominent of these retreat patterns, shown on Figure 6, include:
= migration of Vale of York ice and some east coast ice back to the Lake District and
the Cheviots;
* contraction of ice sheets to central areas in Wales and Southern Uplands of
Scotland;
= the northerly retreat of ice from the Cheshire Plain into the Irish Sea;
= amarked westerly movement of ice back to a north-south central divide in the
Highlands of Scotland;

» the localisation of ice to high ground in the Hebrides and Shetlands.

Initial ice retreat was not always to high ground but did ultimately retreat to higher

elevations.

Substantial downwastage of the Last British-Irish Ice Sheet and the emergence of higher
summits in NW Scotland has been dated between c. 16 ka and c. 15 ka BP by Fabel et
al. (2012) from '°Be dating prior to rapid warming at the termination of the Dimlington

Stadial (c. 14.7 ka).

Of importance, in the present project, is the interaction during the retreat phase between
the North Sea ice lobe, onshore ice and the formation of ice-dammed lakes along the
east coast of England. The location of several of these lakes e.g. Lake Wear (Smith,
1994), Lake Tees (Agar, 1954) and Lake Eskdale (Kendall, 1902) are testament to the
persistent influence of offshore ice after deglaciation of inland areas (Hughes, 2008).
The effect is illustrated in Figure 6 by the retreat of the Vale of York glacier into
Wensleydale accompanied by the uncoupling of offshore ice along the eastern coast of
England north of The Wash which resulted in deglaciation of the Tees estuary before c.
18.3 ka BP' (Plater et al., 2000; see also 15.19 + 1.87 cal. '*C ka BP, Jones, 1976). Ina
study of Late Pleistocene lakes, Murton & Murton (2011) describe the impounding by
North Sea Basin ice of pro-glacial lakes in the lower Wear and Tees valleys, North York
Moors (Lake Eskdale), Vale of Pickering, Vale of York and the Fens (Fig. 9). The
damming effect of North Sea ice was also recorded by Hughes & Teasdale (1999, after

! Note that the error factor associated with this age is in excess of 10 ka (see also section 4.2.).

18



Smith, 1994) in the formation of glacial Lake Wear between the River Wear and the

River Tyne.

The important implications from this summary are:
= the glacial lakes often resulted from the westward retreat of inland ice before
significant retreat of offshore ice in the North Sea basin;
= the Tees estuary was deglaciated before c. 18.3 ka BP prior to the deposition of the
Withernsea Till (Livingstone et al., 2012).

3.3. The Vale of York Glacial Record

Glacial deposits of both primary and secondary origin, along with their resultant
landforms, provide abundant evidence of two terrestrial glaciations in the Vale of York.
That evidence for a previous glacial episode still exists has resulted from the deeper
penetration of that glaciation into the Vale of York than the more recent glaciation,
which has not totally obliterated residuals of the former event. Evidence for the
younger glaciation is of course extensive and includes the York and Escrick terminal

moraines and the terraced till that lies between these two moraines.

3.3.1. Pre-Ipswichian

The older glaciation has been mainly recognised from the high-altitude drifts including
boulder clay, mapped by Raistrick (1926) in the Pennines adjoining Swaledale and
Wensleydale. These can be correlated with the ‘Older Drift” shown on the one-inch
geological map of Leeds (Edwards et al., 1950, plate III). Till from this ‘Older Drift’
has been termed the ‘Pennine Boulder Clay’ by Gaunt (1976b) based on the pebbles in
the tills, which are dominantly of Carboniferous sandstone. Gaunt (1981, fig. 2) has
inferred a southerly or south-easterly ice movement to deposit these tills. Whilst no
dating has been undertaken on the ‘Pennine Boulder Clay’, Gaunt (1976b) has
suggested a Wolstonian or Anglian age for these deposits. Remnants of an older till,
mapped on the Wolds scarp by the British Geological Survey (2008) on flat-lying
benches above about 80 m, are dated as possibly of Anglian age by Ford et al. (2008).
These deposits, near Pocklington, are not included in mapping shown on Figure 15.
Within the Vale of York the only occurrences of ‘Pennine Boulder Clay’ are present on
the crestal regions of the Triassic sandstone ridges that extend through Brayton Barff

and on the Snaith Ridge between Kellington and Thornfield House (Fig. 8).
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Associated with the older till at both Brayton Barff and the Snaith Ridge are gravel
deposits, with similar pebble lithologies, exhibiting both erosional and gradational
contacts to the till (Figs 7 and 8). These gravels appear to represent fluvial events
synchronous with retreat of the ice sheet as they indicate marginal, sub-glacial and
supra-glacial drainage. On the Snaith Ridge, Gaunt 1976b recognised a younger set of
gravels with depositional features suggesting a vigorous fluvial regime different from
the older gravels and Late Devensian shoreline gravels in the Vale of York. These
gravels, termed the ‘Glacio-Fluvial Sand and Gravel’ by Gaunt (1976b), have an
erosional basal contact with the older gravels and tills and a different pebble lithology.
These two older fluvial deposits differ both in terms of their sedimentary fabric and
their lithology: the older set has an ‘east Pennine suite’ of pebbles (Gaunt, 1976b) while
the other shows strong deformational characteristics and is composed of material almost
entirely derived from the Coal Measures. This differentiation has allowed correlations
to be made with more isolated gravel outcrops, which appear anomalous to fluvial or
lacustrine events in the Vale of York (e.g. the cross-bedded gravels in Prescott’s Pit, Fig

22, Plate 25).

A further feature, on the Snaith Ridge, is the deeply incised channel deposits recognised by
Gaunt (1976b). Having a sub-glacial origin their eastern limit may define a margin to the

penultimate ice sheet.

3.3.1.1. Brayton Barff

On Brayton Barff (Fig. 7) two layers of till are present: a lower rather sandy till that has
a pronounced bedded appearance including pebbles concentrated into distinct layers and
an upper clay till with a less pronounced bedded appearance. These tills overlie
laminated clay with a gradational lower contact, marked by a progressive loss of
laminae, over fine grained pale red-brown sand on an undulating surface of Sherwood
Sandstone (Gaunt, 1976b). The most abundant pebbles, in both tills, are of
Carboniferous sandstone with subsidiary Carboniferous and Permian limestones and
cherts (Gaunt, 1976b). This assemblage is quite distinct from that in the York and
Escrick moraines, which have frequent occurrences of Shap Granite, Brockram and
other Eden Valley and southern Lake District erratics as well as Carboniferous

sandstones and limestones and Whin Sill (Catt, 2007).
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At the summit of Brayton Barff (Fig. 7), the till is overlain by unbedded and poorly
sorted gravel referred to by Gaunt (1976b) as ‘Older Glacial Sand and Gravel’ or
‘Glacial Sand and Gravel’ (Gaunt, 1994). These gravels have a gradational contact with
the underlying till except where it occupies a channel, some 5.5 m deep, incised into the
till. This channel, which has a northwest — southeast orientation, extends into the sands

below the laminated clay (Fig. 7).
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Figure 7. Section through the glacial deposits on Brayton Barff. From Gaunt, 1994, fig. 37.

The pebble content of these gravels is identical with the ‘east Pennine suite’ of erratics
in the till. Similar gravels, visible as float, have also been recorded near the summit of
Hambleton Hough (Gaunt, 1976b). As with the till or ‘Pennine Boulder Clay’ the

gravels are considered by Gaunt (1994) to be pre-Ipswichian in age.

In contrast to the Snaith Ridge, the till and gravels on Brayton Barff are not concealed
by reworked younger gravels, as they lie above the Lake Humber 40 m Devensian Lake
Humber shoreline. However erosion of both the till and gravel at the 40 m above OD
level have contributed to the ‘east Pennine suite’ of gravels on the 15 terrace
surrounding Brayton Barff and Hambleton Hough (see section 7.9.4.1.) as well as
localised accumulations of gravel on the sides of Brayton Barff at both the 33 Metre and

20 Metre Surfaces (see sections 7.4.3. and 7.8.3.1.).
3.3.1.2. The Snaith Ridge

Till and Glacial Sand and Gravel - On the Snaith Ridge up to 2.5 m of sandy till was

exposed in a pipeline trench between Kellington and Thornfield House (Fig 8; see also
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Gaunt, 1994, fig. 38). The exposure overlies Sherwood Sandstone except near the
southern end of the temporary exposure where the till has a gravelly base. Towards
Thornfield House the till has a lateral gradational contact with a sequence of clayey
gravel and sandy gravel that comprises (as on Brayton Barff) the ‘Older Glacial Sand
and Gravel’ (Gaunt, 1976b). Both the till and associated gravels contain sub-angular to
sub-rounded pebbles and cobbles of mainly Carboniferous sandstones with a few of
Carboniferous and Permian limestones. This assemblage, like that from Baryton Barff,
is identified as the ‘east Pennine suite’ (Gaunt, 1976b). Due to the absence of
permanent outcrops, erratics from this gravel suite are restricted to gravels that have
been reworked into the 15 Metre and 20 Metre Surfaces (see Sections 7.9.4.2. and
7.8.3.2.) near Thornfield House which are referred to as ‘Glacial Sand and Gravel’
(British Geological Survey, 1971) or as ‘Lacustrine Shoreface and Beach Deposits’
(British Geological Surevy, 1998). It is also likely that gravel derived from the ‘Older
Glacial Sand and Gravel’ and associated till have been incorporated into the “Younger
Pennine Glacial Sand and Gravel’ overlying Sherwood Sandstone in the sand pits at

Hensall, Pollington and Great Heck (Plates 38 and 39, Fig. 23).
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Figure 8. Glacial deposits exposed in a pipeline trench between Kellington and Thornfield House on the Snaith Ridge. From
Gaunt, 1994, fig. 38.

Glacial Channel Deposits - Closely adjacent to the till in the northern part of the

Kellington trench (Fig. 8) are a number of glacial channels incised into the Sherwood
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Sandstone or into gravels associated with the till. These channels are lined by sand and
gravel containing sporadic pebbles and a few cobbles and boulders of Carboniferous
sandstone and Permian limestone and are infilled mainly by laminated clay (Gaunt,
1976b). In a discussion on the origin of the channels, Gaunt (1976b) has concluded that
they originated from sub-glacial drainage, below pre-Devensian ice (i.e. Anglian or
Wolstonian), with sufficient hydrostatic pressure to erode into the soft Sherwood

Sandstone.

It is now known that the Kellington channel belt forms part of a much more extensive
series of closed channels in the Doncaster region that are orientated northwest —
southeast or west-east and reached depths of up to 58m below OD (Gaunt, 1976b and
Gaunt, 1994). Some of these channels may have originated from flow through gaps in
the Permian escarpment as did the Kellington channels from the Aire gap. If these
channels are sub-glacial features then their eastern terminations could define a pre-

Devensian ice margin east of Doncaster and south of Thorne.

Glacio-fluvial Sand and Gravel - The ‘Glacio-fluvial Sand and Gravel’ on the Snaith
Ridge, was believed by Gaunt (1976b) to possess characteristics, which suggest
transport and deposition in a glacial environment. It was mapped as ‘Glacial Sand and
Gravel’ on the Goole 1: 50 000 sheet (British Geological Survey, 1971) and as
‘Glaciofluvial Deposits’ on the Wakefield 1: 50 000 sheet (British Geological Survey,
1998). It has also been reworked into the ‘Lacustrine Sand and Gravel’ shown on the
Kellington — Thornhill House trench section (Gaunt, 1994; Figs 8 and 38). My
landform mapping (Fig. 17) includes the ‘Lacustrine Sand and Gravel’ as part of the
shoreline deposits on the 15 Metre and 20 Metre Surfaces. The deposit, although poorly
exposed, apart from outcrops in some old quarries (not now accessible), is mainly
underlain by Sherwood Sandstone except where it transgresses, with a marked erosional
unconformity, over the ‘Pennine Boulder Clay’, the ‘Older Glacial Sand and Gravel’ or
the ‘Glacial Channel Deposits’ (Gaunt, 1976b, 1994). Based on rare exposures the
‘Glacio-fluvial Sand and Gravel’ is well-bedded or cross-bedded and exhibits isoclinal
convolutions, large-scale cut and fill channel structures as well as an appreciable
number of cobbles and some boulders (Gaunt, 1976b, 1994). All these features imply

torrential fluvial deposition with some post-depositional slumping.
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Gaunt (1976b) considers that the Glacio-fluvial Sand and Gravel lies under the lower
periglacial surface, which implies it pre-dates the Late Devensian maximum glacial
phase. However it is younger than any pre-Devensian glaciation as it is underlain by
the ‘Pennine Boulder Clay’. Also the pebble suite in the ‘Glacio-fluvial Sand and
Gravel’ precludes derivation from the ice that deposited the ‘Pennine Boulder Clay’, as
the pebbles are predominantly of Carboniferous sandstone, so a derivation from Upper
Carboniferous outcrops, in the Pennines, by eastward flowing meltwater through the

Aire gap in the Permian escarpment is likely.

The important conclusion that can be reached, from the above account, is that gravel
deposits with steeply dipping foresets as at Great Heck (Fig. 23) and Prescott’s Pit
(Plate 25), which are anomalous in terms of a multi-phase withdrawal model for Lake
Humber, resulted from a pre-Late Devensian torrential flooding event possibly
equivalent to flooding in the Wolds that deposited the Older Alluvial Fans. These
gravels are quite distinct from the mounds of sand and gravel that form the 15 Metre

Surface at Pollington and Hensall (Plates 28 and 29).

3.3.2. Late Devensian

It has now been accepted that during the Late Devensian (Dimlington Stadial) ice
sourced from the Lake District and Southern Scotland flowed up the Vale of Eden and
into eastern England by way of the Stainmore Gap and the Tees Valley (Lewis, 1894;
Raistrick, 1934; Catt, 1991) where it was joined by local ice from upper Teesdale
derived from the Cross Fell region (Mitchell, 2007). A path for this ice flow has been
well established by the distribution of distinctive erratics such as Shap Granite, Whin
Sill, and Permian Brockram from the Vale of Eden. The location of these distinctive
erratics have been described by several geologists since the time of John Phillips
(1827), including Goodchild (1875) in the Vale of Eden and the western parts of the
Stainmore, and Raistrick (1926) in the lower Tees valley and the Vale of York and
Kendall & Wroot (1924) on the east coast.

Raistrick (1926) considered that the Teesdale glacier initially escaped to the North Sea
basin but was later deflected along the coast, east of the Cleveland Hills, by North Sea

ice. Eventually the pressure of North Sea ice forced the Stainmore ice into the Vale of
York. In contrast Madgett & Catt (1978) suggested that the Stainmore ice (Withernsea

Till) and the east coast ice (Skipsea Till) could have been contemporaneous, or nearly
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so, and that the Stainmore glacier could have over-ridden the east coast glacier. This
conclusion is doubted by Bateman et al. (2011) who suggest that the Withernsea and

Skipsea Tills represent two separate ice advances.

As the Teesdale ice pushed south into the Vale of York it was joined by ice streams
from Swaledale and Wensleydale (Raistrick, 1926), Nidderdale (Tillotson, 1934) and
Wharfedale (Raistrick, 1931). Based on a recognised western limit for Shap Granite
erratics, Raistrick (1926) commented that Wensleydale ice likely formed a buffer zone

between the Teesdale — Vale of York ice stream and the Pennine escarpment.

The southern extent for the Vale of York glacier has been a contentious issue. Kendall
& Wroot (1924) and Palmer (1966) refer to an early glacial phase, when ice pushed
south towards Doncaster, and also to a late or retreat stage when a stable ice front
deposited the York and Escrick terminal moraines. A similar southern limit for the Vale
of York glacier, as far as Wroot, has also been suggested by Gaunt (1976a), Cooper &
Burgess (1993) and Westaway (2010). The expansion of the York glacier south of the
Escrick Moraine is largely based on observations by Gaunt (1976a and 1976b) that a
series of gravel ridges, between Thorne and Wroot, which contain an appreciable
proportion of Permian limestone pebbles, originated as ice-marginal deposits along the
western edge of a tongue of ice that had advanced into the southwestern part of the Vale
of York. This maximum ice advance was considered to be transient during a short-
lived, high-level stage of Lake Humber that followed blocking of the Humber mouth. It
was also considered that the southerly surge was probably assisted by the Vale of York

ice being buoyant and probably floating over appreciable areas (Gaunt, 1976b).

In contrast to the above, Parsons (1887) has stated that he knows of no ‘boulder clay’
exposed in the Ouse valley lower than Escrick, while Ford et al. (2008) describe and
illustrate a maximum limit for Late Devensian ice in the Vale of York at the Escrick
Moraine. A small area of till mapped on the Wakefield 1: 50 000 geological sheet
(British Geological Survey 1998) located below the Permian escarpment near Monk
Fryston [SE 501 293] has been reinterpreted as a littoral deposit on Figure 17.

Mapping by the British Geological Survey (2008), on the 1: 50 000 Selby sheet, has
linked the area between the York Moraine and Escrick Moraine by a series of flat-

topped gravel ridges, that roughly follow the A19 between Fulford and Escrick (see
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Fig.15). These ridges, which include the Crockey Hill ‘Esker’, together form the
Crockey Hill Esker Member of the Vale of York Formation (Ford et al., 2008).
Fairburn (2009), however, considers these ridges are eroded remnants of a fan delta

deposit south of the York gap at levels of 20 m and 15 m above OD.

3.3.2.1. York Moraine

The York Moraine, which is the inner moraine of Kendall & Wroot (1924), is a twin
lobate structure that was established following a retreat phase of the Vale of York
glacier (Cooper & Burgess, 1993) during the York — Escrick stage of the Main Dales
Glaciation (Edwards et al., 1950; Raistrick, 1934). Kendall & Wroot (1924) have
however argued that the York Moraine is older than the Escrick Moraine and was
overridden during the recession. This view, expressed by Kendall in an address to the
Yorkshire Geological Society in 1893 (although not published) was based on a section
near Holtby [SE 675 541] that seemed to show that the York Moraine originated as a
gravel ridge on to which ‘boulder clay’ was plastered. The moraine has a western lobe
extending from Long Marston to York and an eastern lobe extending from York to
north of Sand Hutton and forms a distinct physical feature rising above the plain of the
Vale of York (Fig. 14). Along its southern edge the mappable boundary of the moraine
is at about 15 m above OD while to the north its boundary against the plain of the Vale
of York is about 5 m higher at 20 m above OD. Topographically the moraine reaches a
maximum elevation of just over 45 m above OD at Bilbrough and at several locations
west of Long Marston and to the north of Sand Hutton (Fig. 14). The width of the
moraine varies considerably from about 5 km at Bilbrough, where a ridge of till extends
southwards towards the Escrick Moraine, to less than 1.0 km between Dunnington and
Heslington. Conspicuous drainage gaps are present in the moraine along Healaugh
Beck, at the southern end of the Askham Bog and along the Ouse valley in the York
Gap. These gaps were important meltwater channels through the moraine during the
northward retreat of the Vale of York glacier and provide physical evidence to illustrate
the lowering of depositional surfaces from the north to the south of the moraine (see

section 7.16.3).
Along much of its length, between Askham Bog and Long Marston, the moraine

straddles an eroded ridge of Triassic sandstone (Melmore, 1935, fig. 5), which is well

exposed on its southern flank where it forms a low scarp extending westwards from a
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small quarry [SE 532 459] south of Bilbrough to a small valley bounded by Ainsty Cliff
(Plate 3).

. Plate3.  The eroded contact between till and
Triassic sandstone south of Bilbrough at Ainsty
CIiff [SE 529 461]. The till, which is about 2.0
m thick is overlain by a lag deposit of boulders
and cobbles forming a level surface above the 40
m terrace. Note the 30 cm scale. (Photograph
M.D. Bateman)

To the east of the quarry, the Triassic outcrop may well continue for some distance,
masked by solifluction deposits, towards Redhill Field Road [SE 534 464]. To the
south of the Long Marston Obelisk and west of Hutton Wandesley (Fig. 14), the
Triassic sandstone has been proven along a depression, known as ‘the Glen’, on an
erosional terrace and in the rising hillside above it by shallow auger drilling on the
Harrogate and Leeds 1: 50 000 sheets (British Geological Survey, 1987, 2003) and from
sand excavated from animal burrows. Ventifacts were reported, at or near the Triassic
sandstone surface, beneath glacial deposits in a borehole drilled on the western side of
York [SE 577 528] by Gaunt (1974). These are indicative of arid periglacial conditions

prior to deposition of the York Moraine.

The most distinctive topographic feature of the York Moraine is a tiered surface with
laterally extensive horizontal terracing at 20 m, 25 m and 30 m - 35 m above OD, and
where the elevation of the moraine permits, at 40 m above OD (Fig. 14). An additional
formline at 30 m above OD, noted at some locations, may represent a short-lived lake

level or a lithological boundary (see section 7.6.).
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Superficial deposits — One might expect that the till forming the moraine should be
composed of poorly sorted and unstratified sediment ranging from clay and silt up to
cobbles and boulders, but based on shallow sections in roadcuts the till seems to have
been segregated, to some degree, into fractions of differing grain or clast size. This
could have resulted from transgressive shoreline washing (i.e. the development of
progressive beaches across the surface of the moraine then at or near lake level).
Shallow auger drilling for OSL sand samples indicates that these segregated layers
extend for more than 2.0 m below the surface on the flanks of the moraine. This
segregation was also noted by Clark (1881) who observed that in places the topmost
layers of the moraine had been washed and re-arranged as gravels and brick-earths
(laminated clays). It is not thought likely that the segregation could be caused by
backwasting of an ice-cored moraine, as can occur in some dead-ice moraines
(Schomacker, 2008) as it is more likely that segregation occurred by shoreline washing

well after retreat of the Vale of York glacier.

Prior to building construction at York University, on the York Moraine near Heslington,
site investigations were undertaken by civil and structural engineers. This mainly
involved shallow auger drilling to determine the appropriate building design that could
be supported by the subsurface. Whilst the data do indicate some layering in the
moraine along crestal locations of sand and gravel over ‘boulder clay’ caution should be
exercised as the information obtained was poorly recorded. (Sections and maps from
which the above information was obtained were provided by the Borthwick Institute for
Archives, University of York, Heslington.) Despite lack of good outcrop three classes

of material have been noted from superficial deposits:

Till - Apart from the Ainsty Cliff section (Plate 3) till is generally only exposed on
theYork Moraine in crestal locations above the 45 m contour at places such as
Bilbrough, northeast of Sand Hutton and west of Hutton Wandesley (Fig. 14). Evidence
for this is however meagre and is mainly based on the assumption that the planar
surface on the moraine at c. 42 m above OD is the maximum clevation of Lake Humber,
with gravels lying on this surface between 42 m and 45 m above OD. Temporary
sections in the till have also been noted on construction sites at York University and in
roadcuts that are now overgrown. Several gravel-covered mounds of till have also been
mapped along the crest of the moraine: the most prominent of these being at Severs

Howe (Plate 4), a location long supposed to be the burial mound of the Roman Emporer
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Septimus Severus, until excavations proved otherwise (Kendall & Wroot, 1924, p. 529).

Although access to Severs Howe is now restricted, evidence from nearby building sites

indicates that the mound is mainly formed of gravel and not till, as suggested by

Kendall & Wroot (1924).

Plate 4.  Severs Howe — gravel covered till on the York Moraine forming a mound between 30 m - 35 m on the 25 m Surface
[SE 581 519]. The site has restricted access and no till is visible on the photograph. (Photograph W.A. Fairburn)

Although not in situ, till, or gravel with cobbles and boulders derived from till, can be
seen on the slopes of the moraine between the 25 m and 30 m contours below a levelled
area that was cleared to provide space for a car park (Plate 5). The site [SE 623 509]
lies immediately southeast of Mill Mound (Fig. 14) where sand and gravel are exposed

in a roadcut between c¢. 30 m — 33 m above OD (Plate 16).
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Plate 5.  Excavated till composed mainly of Carboniferous sandstone and limestone (pebble sizes up to 10 cm), cleared from
below the 33 m terrace and now lying on the slope of the moraine between 25 m — 30 m above OD [SE 624 508].
(Photograph W.A.Fairburn)

Lag deposits - Accumulations of boulders, mainly devoid of interstitial clay and sand
are believed to have originated as lag deposits at several erosion levels on the York
Moraine in a similar fashion to marine shoreline back-beach gravels. Such shoreline
washing and segregation on the moraine would result in sand being deposited down the
face of the moraine leaving the coarser fractions to form residual deposits. Silt and clay
fractions in the till would be swept away into deeper parts of the lake, as suggested by
Clark (1881). Such segregation of the morainic deposits was a consequence of the Lake
Humber being impounded following the northerly retreat of the glacier and the

deposition of the moraine.

Boulder beds have been noted on the York Moraine below the 30 m contour in a sunken
pathway west of Mill Mound [SE 614 510], in a construction pit on the 25 m terrace
[SE 618 508], forming a level surface at about 42 m above OD at Bilbrough (Plate 6),
on a ridge capped by gravel and boulders 1.5 km to the northeast of Bilbrough (Fig. 14),
and at several crestal locations on the moraine between Gate Helmsley and northeast of
Sand Hutton (Fig. 14; see also the York 1: 50 000 sheet, British Geological Survey,
1983b).
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Plate 6.  Stacked boulders collected from gravels above the 40 m terrace at Bilbrough near Ainsty Cliff [SE 530 461]. Most of the
boulders, which are of Carboniferous sandstone, are faceted or partly faceted and range in size from 15 cm to 20 cm.
(Photograph W.A. Fairburn)

Sand and gravel - Rather chaotic banks of sand and gravel, lacking well-defined
bedforms, that have only been identified in crestal regions of the moraine, as at Mill
Mound and Severs Howe, appear to have formed as littoral deposits (see also Plates 28
and 29). At Mill Mound a poorly sorted deposit composed mainly of sub-rounded to
faceted pebbles, with dimensions generally less than 5.0 cm, occur in a matrix of
reddish-brown sand (Plate 16). Many of the pebbles show random orientation, although
in places there is some crude alignment along with lenticular streaks of sand.
Occasional fragments of exotic material (e.g. pieces of red tile) imply that part of the
deposit could have originated from excavations around a nearby water tower. Surface
auger holes indicate that the gravels are overlain by up to 0.5 m of pebble-free sand. At
Mill Mound the gravels form the sub-surface of the 33 m terrace and are underlain at c.

30 m above OD by till or boulder beds on till (see Plate 5).

Sand mantle - Perhaps the most unusual feature of the York Moraine is the lack of
surface till on the moraine due to the accumulation of later superficial deposits. In most

areas, the flanks of the moraine are mantled by well-sorted sand which is essentially
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stone free. This sand mantle can be up to 2.0 m thick and liable to landslipage if
construction excavations, as at York University, produce unstable slopes. That there is
abundant sand in the moraine is not surprising as glacial erosion of the Triassic
sandstone bedrock would have produced a very sandy till. The best sections through the

sand mantle have been examined at the following locations:

= Below Severs Howe [SE 582 522] several rows of houses terminate against a sand
bank forming the hill slope. Here, at least 2.0 m of sand was originally retained
showing crude layering produced by occasional boulders. At present, the extent of
the visible outcrop has been considerably reduced by further development. A small
pit excavated near this location, shown in Plate 7, exposes 1.3 m of stratified sand
in a superficial slope deposit that comprises three layers with erosional contacts
dipping in a westerly direction at about 16°. The exposure may well represent three

episodes of sand washing on the flank of the York Moraine.

Plate 7. Superficial sand on the 20 m terrace of the York Moraine below Severs Howe [SE 582 522]. This OSL sample location
exposes 1.3 m of stratified sand. The scale is 30 cm. (Photograph M.D. Bateman)
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= East of Bilbrough [SE 538 468] a roadcut through the 40 m surface has again
exposed about 2.0 m of sand with a boulder layer that is not always visible: cobbles

and boulders are widespread on the surface above. Part of the section was

excavated for an OSL sample point (Plate 8).

Plate 8.  Superficial sand below the 40 m terrace on the York Moraine in a roadcut east of Bilbrough near Highfield Farm [SE 538
468]. This OSL sample point exposes a 65 cm section of fine-grained, well-sorted sand comprised of angular to sub-
rounded sand grains (now thought to have been excavated from the roadcut). The scale is 30 cm. (Photograph W.A.
Fairburn)

= At York University an access road behind some of the University buildings [SE 624
508] left an unstable slope on the sand mantle at an elevation of 25 m - 30 m above
OD. Part of this slope subsequently slipped on to the road below revealing that the

sand cover could be at least 1.0 m thick. The slope has now been stabilised.

The first two of these locations were sampled for OSL dating: slippage and rabbit

burrows making the third location unsuitable (Plate 9).
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Plate 9.  Rabbit burrows in sand scree above stabilised slope between 25 m — 30 m above OD at York University [SE 624 508].
The sand mound from the burrows is over 1.0 m wide. (Photograph W.A. Fairburn)

3.3.2.2. Escrick Moraine

The Escrick terminal moraine, or the outer moraine of Kendall & Wroot (1924), like the
York Moraine forms a prominent crescent-shaped ridge that extends north-easterly from
Stillingfleet to Wheldrake, where the River Derwent breaks through a gap in the
moraine, and then northwards following the eastern bank of the Derwent to High
Catton. West of Stillingfleet the moraine is represented by a series of gravel terraces, at
about 15 m above OD, that follow the eastern bank of the River Wharfe to north of
Tadcaster (Fig. 14). The moraine has also been regarded as part of the York-Escrick
stage of the Main Dales Glaciation by Raistrick (1934) or the Escrick phase of a
retreating Vale of York glacier (Cooper & Burgess, 1993).

Like the York Moraine there are no natural sections through the Escrick Moraine that
are suitable for descriptive purposes. Consequently the most detailed lithological
information has been gained from excavations (some temporary) and from published
accounts of gravel pits. Kendall & Wroot (1924) refer to sections at High Catton
consisting mainly of ‘boulder clay’ and describe a railway cutting through the moraine,

west of Escrick (Fig. 14) as being mainly of ‘boulder clay’ with some wisps of sand and
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gravel (see also a description by Parsons, 1887, from the same location). The same
authors also examined gravels along the eastern side of the moraine near High Catton,
which contained Shap Granite and a suite of rocks from the Eden Valley, the Pennines
and eastern Scotland — some of these having a ‘desert varnish’ (i.e. ventifacts).
Melmore (1935) examined a gravel pit at Burtonfields [SE 733 556] where he recorded
‘boulder clay’ intercalated with bedded sand and gravel containing pebbles of
sandstone, limestone, chalk and flint. The deposit was underlain by 13.4 m of clay and
gravel (possibly till) over Triassic marl. Stather (1913) described a section in the
moraine at High Catton, possibly near Gravel Pit Farm [SE 717 535], exposing cross-
bedded sand and well-rounded gravel. Erratics here included Carboniferous sandstone
and limestone as well as Shap Granite and Brockram (these gravels are possibly littoral
gravels derived from a 33 m shoreline as the moraine near this locality rises to an
elevation of 35 m above OD). At Sutton upon Derwent [SE 707 468] Harcourt (1829)
found 20 m of diluvium (till) on chalk and flint gravel (these gravels could have
originated from the older alluvial fans to be described later in this text (section 7.12.1.).
More recent observations include Ford et al. (2008) who described the Escrick Moraine
as a gravelly, sandy, clay till. A temporary section through the Escrick Moraine
examined by Gaunt (1970) exposed ‘boulder clay’ on the summit of the ridge overlain

by sand and gravel on its northern slope below 15 m (Fig. 31).

For the purposes of this present research, the most significant feature of the Escrick
Moraine, between Stillingfleet and Wheldrake, is that the ridge rises above the plain of
the Vale of York from about 10 m above OD to elevations that seldom exceed more than
2.0 m — 3.0 m above a terrace mapped at 15 m above OD (Fig. 14). In this region, the till
forming the moraine is not accompanied by any extensive gravel deposits as is indicated
on the Selby 1:50 000 geological map (British Geological Survey, 2008). Gravel was
recorded by Gaunt (1970, fig. 2; Fig. 31 this text) on the northern side of the moraine
only. Between Sutton upon Derwent and High Catton (Fig. 15), where the base of the
moraine is at 15 m above OD, its elevation reaches 35 m above OD. As shown on Figure
15, the moraine in this region has a conspicuous terrace at 25 m above OD. Unlike the
Stillingfleet — Wheldrake section of the moraine, however, extensive gravel deposits were
worked at High Catton (Stather, 1913) to the west of the summit, suggesting there was
more significant erosion and washing of the moraine at this elevation (i.e. above 33 m),
as on the York Moraine. This preferential accumulation of gravel on the northern and

western face of the moraine could be attributed to a damming effect of the moraine and
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the movement of lake meltwater to gaps in the moraine cut by the Derwent and Ouse
rivers. That accumulation of gravel and sandy gravel can occur on the north side of the
moraine, by the lateral movement of meltwater to a Derwent outlet, has been noted to the

north of the Escrick Moraine west of Wheldrake (Fig. 31).

3.3.2.3. Vale of York Till

The British Geological Survey (2008) have mapped extensive areas of till, between the
Escrick and York Moraines, extending from the west of Stillingfleet and north-
eastwards towards Dunnington. These tills have been included in the Vale of York
Formation (Ford et al., 2008). The deposit has been described as a unit of variable
composition ranging from a sandy, gravelly clay with common cobbles and boulders to
a slightly clayey sand and gravel: clasts include Carboniferous limestone and sandstone
with some volcanic material (Ford et al., 2008). Much of the outcrop underlies the 15
Metre Surface (described later) between Stillingfleet and Bridge Dike (Fig. 14).
Although the till is mainly seen in cultivated fields, a section in the till is present
through the 15 Metre Surface along the disused York to Selby rail line (now part of the
Trans Pennine Trail) as shown on Plate 10 [SE 615 436]. In places washing has
produced a superficial lag deposit of sand and boulders over the till similar to the
boulder pavement above the Blackhall Till at Whitburn Bay described by Davies et al.
(2013a). The till has also been exposed in the drainage ditch adjacent to the disused line
and in Wood Dike east of Bell Hall (Fig. 37) below sections in the Naburn Sand
Member (Fig. 25). The till was also extensively exposed in excavations during the
construction of the York Railway Station where it is associated with highly involuted
laminated clays (Fox—Strangways, 1884, fig.3). These excavations yielded the boulders
of Shap Granite that can be seen in the Museum Gardens in York (Plate 2).
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Plate 10.  Vale of York Formation till exposed beneath the 15 Metre Surface on the Trans Pennine Trail [SE 615 436]. The largest
pebble is about 8.0 cm (Photograph W.A. Fairburn)
Parsons (1887) has stated, that to his knowledge, ‘boulder clay’ is not exposed in the
Ouse valley south of Escrick: this opinion has been confirmed during the recent
mapping (for deposits of Late Devensian age) in the preparation of Figures 14 and 17.
Outcrops of till (of Anglian age?), near Monk Fryston [SE 501 293], mapped by the
British Geological Survey on the Wakefield 1:50 000 sheet (British Geological Survey,
1998) are regarded in this text as littoral deposits on the 15 Metre Surface. As already
stated earlier, occurrences of till in excavations near Ferrybridge (Bateman et al., 2008)

could be solifluction deposits derived from Pennine Boulder Clay.

3.4. Holderness

The cliff section at Dimlington on the Yorkshire Coast is the type site for the Last
Glacial Maximum in Britain (Rose, 1985). Here, the Basement Till is overlain by the
Skipsea Till and the Withernsea Till, which are separated by up to 4.0 m of stratified
sands, silty clays and fine chalk gravel (Madgett & Catt, 1978; Catt, 2007; Evans &
Thomson, 2010). The upper part of this was thought to have been deposited by a two-
tiered ice sheet; the Withernsea Till originating from northwest England via the
Stainmore Gap and the Skipsea Till from east coast ice originating from southern

Scotland, the Cheviots and northern England (Catt, 2007). The intervening sediments
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were considered to have been deposited by englacial streams from a single ice sheet
(Evans et al., 1995; Catt, 2007) or as deglacial lake sediment and subaqueous ice-
contact fans (Evans & Thomson, 2010). A more recent study of these sediments by
Bateman et al. (2011) has suggested a subaerial origin, in a sandur type pond
environment, based on sedimentary and fossil insect evidence. Optically stimulated
luminescence (OSL) dating of four samples taken from a freshly exposed section in
these deposits has given a depositional age of 16.2 + 0.4 ka (Bateman et al., 2011),

which dates glacial retreat between the two tills.

Lithologically similar tills to the Skipsea and Withernsea have been reported from
Upgang near Whitby on the North Yorkshire coast by Roberts ef al. (2013). These
authors have described a distinct tripartite sequence composed of two tills (lithofacies
associations LFA 2 and LFA 4) separated by a sequence of stratified clay, silt, sand and
gravels (LFA 3). Till fabric data and clast lithologies, support a common provenance
from the north of England and southern Scotland without an easily discernible westerly
imput of ice. Although not explicitly stated by the authors (Roberts ez al. 2013) the
sequence is broadly similar to sections at Dimlington described by Catt & Penny
(1966), Madgett & Catt (1978) Evans & Thomson (2010, fig. 11) and Bateman et al.
(2011, fig.4) that contain the Skipsea and Withernsea tills (LFA 1 and LFA 4).

At Dimlington a section from Catt & Penny (1966) shows that the Skipsea Till is
underlain by the Basement Till, which as far as is known is the oldest till in Holderness
(Lamplugh, 1889; Catt, 2007). On the surface of the Basement Till lacustrine silts
occur in basins 1.0 m — 4.0 m deep and from 5.0 m to over 50 m wide (Catt & Penny,
1966, Catt, 2007). Strands of fossil moss, from these Dimlington Silts were dated by
Penny et al. (1969) to give '*C ages of 18.5 + 0.4 ka BP and 18.25 + 0.25 ka BP (23.0 —
20.8 and 22.3 — 20.9 cal. ka BP). These dates, along with dating of organic matter from
a kettle hole in the Withernsea Till at The Bog near Roos (Beckett, 1981; Catt, 2007,
fig.1), that gave a '*C age of 13.0 + 0.27 ka BP (16.3 — 14.5 cal. ka BP) and the OSL
dating by Bateman ef al. (2011) effectively dates the Skipsea Till to the period 20.9 ka —
16.2 ka BP and the Withernsea Till to the period 16.2 ka — 15.5 ka BP (Bateman et al.,
2011). These dates allow the Skipsea and Withernsea Tills to be equated with episodes
GS-2b and GS-2a from the Greenland (GRIP Summit) record (Bjorck et al., 1998;
Bateman et al., 2011; Fig. 4). It should be accepted though that both these '*C dates

above (i.e. Dimlington and the Roos Bog) are from samples that could have been
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contaminated by hard-water effects, which could have added appreciably to their age.
An additional date, obtained by thermoluminescence techniques (Wintle & Catt, 1985)
from loess beneath the Skipsea Till at Eppleworth (30 km WNW of Dimlington, [TA
014 320]) could further restrict the age of the inland base of this formation to 17.5 + 1.6
ka BP in this region.

The age of the Basement Till, which may be relevant in this text, like many other events
in the Quaternary, has been a contentious issue. This has largely arisen because of
differences in the accepted position of the Basement Till within the section against the
buried cliff at Sewerby. Following excavations at the site in 1887 and 1888, funded
from a grant by the Yorkshire Geological Society, Lamplugh (1888) considered that in
the section above the raised beach, which contains of vertebrate remains resting on a
chalk base, the only boulder clay present was the ‘Purple Clay’ (equivalent to the Drab
or Skipsea Till in more modern terminology). He also considered that the ‘Basement
Clay’ (Basement Till) was absent and possibly represented by chalk rubble. Lamplugh,
however, later changed his mind and decided that the ‘Purple Clay’ in the section was
the ‘Basement Clay’ (Lamplugh, 1890 and 1891). This later interpretation has been
illustrated in a section by Wilson (1948).

Following a low spring tide in 1963 exposures of the Basement Till, covered with
patches of calcreted conglomerate, were seen within 70 m of the buried cliff section
(Catt & Penny, 1966). These authors concluded that the conglomerate represented the
cemented seaward continuation of Lamplugh’s beach shingle and therefore the raised
beach is younger than the Basement Till. Confidence was also expressed in their belief
that the ‘Purple Clay’ of Lamplugh was not the Basement Till. Consequently as the
Sewerby fauna in the raised beach is of Ipswichian age (Catt & Penny, 1966; Catt,
2001) the older Basement Till must have been deposited in MIS 6 or earlier. Dating of
wind-blown sand, above the raised beach, which gave a weighted mean of 120.84 +

11.8 ka (Bateman & Catt, 1996) confirms the Ipswichian age for the raised beach.

There also remains the interesting possibility that the Basement Till containing
Scandanavian erratics (Catt, 2007) could be coeval with the basal till on the Durham
coast, the Warren House Till described by Davies ef al. (2013b). The Warren House

Till also with Scandanavian affinities, could be dated to earlier than MIS 7 as it may be
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the source of erratics in the Easington raised beach (Davies & Bridgland, 2013; Davies

et al., 2009; Davies et al., 2013b).

Further discord is provided by Eyles et al. (1994) who dated Pleistocene Arctic marine
molluscs, mainly Macoma balthica and Arctica islandica from the Basement Till by
amino acid epimerisation. The results of the dating showed a range of ages from pre-
Devensian to Late Devensian. Based on the accepted principal that the youngest
molluscs indicate the maximum age for the depositional event of the till, Eyles et al.
(1994) assigned a Late Devensian age (c. 20 ka BP) to the Basement Till. Catt (2001),
who contends that the Basement Till underlies the Ipswichian beach at Sewerby,
explains the apparent Late Devensian age for the till from incorporation of bivalves into
the upper layers of the till when it was remobilised during the advance of the ice that
deposited the Skipsea Till. Walker (2005) has also warned that amino acid
geochronology can be unreliable as the rate of epimerisation is partly temperature
dependent: the techniques should therefore be considered as a guide to relative dating of

samples with similar thermal history, rather than as a definitive dating tool.

Livingstone et al. (2012) have proposed a six-stage glacial model of Devensian ice-flow
history in the central sector of the last British-Irish ice sheet (BIIS) including three
major phases of glacial advance. Stage I is correlated with maximum ice sheet
expansion, between c. 29 ka — 23 ka BP, and consideration is given to including the
Basement Till of Dimlington in this interval based on the Late Devensian age of ¢. 20.0
ka BP given by Eyles et al. (1994). Two major oscillations of the North Sea ice lobe
flowing southwards into Yorkshire during Stages IV and VI are thought to have
deposited the Skipsea Till between 21.7 ka — 16.2 ka BP and the Withernsea Till
between 16.2 ka — 15.5 ka BP (chronology from Bateman et al., 2011).

Further constraints on the age of the Skipsea Till have been provided by OSL dating
from Barmston and Dane’s Dyke, on the Holderness Coast, by Hartmann (2011). At
Barmston, a sand sample from within the Skipsea Till (subglacial stream deposit) and
one from planar cross-bedded sands, above the till, gave dates of 17.1 + 1.33 ka and
16.51 &+ 1.04 ka respectively. Below the Skipsea Till, at Dane’s Dyke, an erosional
valley in the Chalk contains brecciated chalk rubble, solifluction deposits and lacustrine
sediments grading upwards from laminated silts to sands and gravels. A sand sample

from the sequence was dated at 24.14 + 1.66 ka. These results therefore date the
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advance of the Skipsea ice at before c. 16.51 ka BP within the range of c. 24.1 ka—17.1
ka BP. As Hartmann (2011) implies that the lacustrine beds, at Dane’s Dyke, could
have been deposited in a lake impounded by North Sea ice, then these beds could be
coeval with the lacustrine sediments described by Murton et al. (2009) at

Hemingbrough, which are similarly dated.

3.4.1. Humber Till

Till in the Humber channel exposed at North and South Ferriby, referred to by Gaunt
(1976b) as the ‘Humbe