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Figure 1: Northern England contour colour coded digital elevation model (DEM) derived from NEXTMap imagery (courtesy of NERC via the Earth
Observation Data Centre). The main physiographic areas are highlighted and include the streamlined (drumlin filled) corridors created by fast ice
stream flow during glaciations. The fluvial drainage pattern and largely V-shaped valley cross profiles of the North Pennines (Alston Block) are also
prominent.
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Figure 2: Previous reconstructions of the glaciation of the North Pennines: a) the valley-confined style of glaciation of the north Pennines produced by
Dwerryhouse (1902). The Stainmore Gap and Tyne Gap ice streams drain the regional, Scottish-nourished ice eastwards and the North Pennines are
characterized by the Teesdale, South Tyne and Weardale glaciers. Note the prominent ice-dammed lakes that are depicted along the south edge of
Tyne Gap ice but also smaller examples along the margins of the Teesdale and Weardale glaciers; b) a similar depiction of the regional ice by Raistrick
and Blackburn (1931), showing what they regarded as a later stage of ice sheet recession.

Figure 3: Examples of the lithological and structural control of the
underlying Carboniferous bedrock strata on hillslope and upland
summits surrounding Weardale: a) view west across Bollihope
Common showing stepped hillslope profile; b) (inset) NEXTMap DEM
extract showing flat or tableland summits and stepped hillslopes in
Rookhope (courtesy of NERC via the Earth Observation Data Centre)

Figure 4: Map of the western part of the Alston Block and the upper drainage basins of the Durham
Dales and Tyne and Stainmore gaps and showing the former ice flow directions depicted by
Dwerryhouse (1902) at a relatively early stage of ice flow up the Vale of Eden from Scotland. Also
depicted is the semi-radial flow of the Pennine-centred ice from the Cross Fell and Burnhope Seat
plateaux and the deflection of easterly flowing Tyne Gap and Stainmore Gap ice streams around it.
Red lines demarcate the limit of regional, western-derived erratics and thereby outline areas
characterized by Pennine tills only (after Trotter 1929a; Vincent 1969; Taylor et al. 1971). The
nunataks of the north Pennines proposed by Dwerryhouse (1902) and Raistrick and Blackburn (1931)
are now interpreted alternatively as areas covered by thin, cold based or inert ice.

Figure 5: A generalised map of the regional ice sheet flow directions in Northern England, encompassing the different flow routes
of different phases of ice sheet configuration and demarcating the limits of key indicator erratics (after Taylor et al. 1971).
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Figure 6 a-e: Reconstructions of the dynamics and coverage of the British-Irish Ice Sheet over
Northern England during the last glaciation (after Livingstone et al. 2012, 2015).
? = conjectural.
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Note that the dating of these events has recently been revised and that the Scottish
Readvance scenario in Figure 6e is now thought to have occurred at an earlier time, 19,20018,200 years BP (before present).
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Figure 7: Geomorphology map of Weardale superimposed on the NEXTMap DEM, showing the major glacial landforms and rock slope failures. The boundary
separating Tyne Gap and North Pennines tills is highlighted in red. Patterns of ice recession at the time of deglaciating valley glaciers are indicated by light blue lines,
which in places are located according to major moraine and/or lateral meltwater channel assemblages. Abbreviations for selected locations are as follows: BB Bedburn Beck, BQ - Broadwood Quarry, BR - Burnhope Reservoir; DS - Daddry Shield, E - Eastgate, F - Frosterley, GHM - Greenly Hills Moraine, IB - Ireshope Burn, K Killhope, LB - Linburn Beck, SH - Stanhope, SB - Shipley Beck, SBu - Smail’s Burn, SJC - St John’s Chapel, TB - Thornhope Back, TL - Tow Law, TR - Tunstall Reservoir, W
- Wolsingham, WB - Waskerley Beck, We - Westgate, WH - Wearhead, WLW - Witton-le-Wear.
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Figure 8: Subglacial (sub-marginal) glacitectonic displacement of mega-rafts: a) conceptual diagram showing mega-raft initiation beneath glacier ice; b)
annotated NEXTMap DEM extract,and c) (next page) stratigraphic cross-sections of the mega-rafts reported from opencast mining at Broom Hill and
Sunniside (after Mills 1976).
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Figure 9: Proglacial glacitectonic displacement and stacking of a composite thrust mass:
a) conceptual diagram of composite thrust mass construction by an advancing glacier; -(a)->
b) annotated Google Earth image of the Greenly Hills Moraine in lower Swinhope Burn.

Figure 10: Glacial deposits revealed in the stratigraphy exposed above bedrock in Broadwood Quarry. © David A J Evans.
Figure 11: Annotated LiDAR image (Environment Agency) showing the complex of glacial landforms (Witton-leWear Moraine) at the junction of the River Wear, Bedburn Beck and Linburn Beck. Yellow areas are moraine and
red areas are glacifluvial mounds. LiDAR is a technique using laser beams to remotely measure distances to create
a map of the Earth’s surface.

Figure 12: Examples of lateral meltwater channels in Weardale: left panel is annotated NEXTMap
DEM extract of inset sequences of channels (MCs) on the north side of Weardale, recording the
backfilling of the lower ends of Rookhope Burn and Stanhope Burn by the Weardale valley glacier
and demarcating its subsequent downwasting; right panel is annotated LiDAR image of channels on
the south side of Weardale, in Westernhope Burn, where they are associated with substantial
lateral moraines (brown areas) and similarly record the backfilling of the valley by Weardale valley
ice. (NEXTmap DEM courtesy of NERC via the Earth Observation Centre; LiDAR image from the
Environment Agency).

Figure 13: Annotated NEXTMap DEM extract of the cluster of lateral meltwater channels and
associated lateral moraines in upper Weardale, between Stanhope and Wearhead. Note also the
channels and moraines in upper Ireshope Burn. (NEXTmap DEM courtesy of NERC via the Earth
Observation Centre; LiDAR image from the Environment Agency).

Figure 14: Annotated LiDAR images of the linear drift mound assemblage (glacifluvial deposits) and
its associated lateral meltwater channels on the Waskerley Beck-Thornhope Beck interfluve. Upper
panel is a vertical view showing the linear assemblage in red and Weardale lateral channels in
yellow. Lower panel shows an oblique view looking southwest © Environment Agency

Figure 15: Oblique view looking southwest across annotated LiDAR image of the Smail’s Burn landforms, including
delta surfaces and a rotational landslide in fine-grained lake sediments on the west bank of the Rookhope Burn.
©Environment Agency

Figure 16: Examples of postglacial slope failure features:
a) annotated NEXTMap DEM extract courtesy of NERC via the Eart Observation Centre) of a rock slope failure (yellow highlighted area) in Bollihope;

b) Google Earth oblique view looking south-southeast of extensive plateau edge rock slope failures around the head of Swinhope, with the ski tows at
right centre for scale. Nearly every slope has been on the move in this view;

c) oblique view looking west-northwest across the rotational landslides that have developed in the lateral moraines that backfill the lower reaches of
Westernhope (LiDAR image by the Environment Agency)

