Chapter 4

Geomorphology and
glaciation legacy
by David J A Evans

Introduction
Despite being a region that has been cloaked in glacier
ice many times during the Quaternary geological period
(the ice age), the physical landscape of the North
Pennines is strongly controlled by the structure of its
bedrock and a long term legacy of river valley
development. Weardale in particular is a valley with a
very strong fluvial signature, being composed of a largely
V-shaped cross profile and, together with its tributaries,
a dendritic drainage network formed by the easterly flow
of surface streams and rivers over the regionally
eastward-dipping Carboniferous bedrock strata
(Figure 1). It is unusual therefore relative to most upland
glaciated terrains in that it lacks a strong signature of
glacial erosion. Moreover, glacial deposits are also
sparsely developed and hence Weardale has received
scant attention from the glacial research community.
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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.

Despite several PhD theses having been conducted in
Weardale in the latter half of the twentieth century, the
mainstay of our knowledge on its glacial
geomorphology comes from a substantial paper
published in 1902 by Arthur Dwerryhouse, entitled The
Glaciation of Teesdale, Weardale and the Tyne Valley, and
their tributary valleys. Using earlier observations on the
distribution of glacial erratics, Dwerryhouse established
the concept of valley glaciers in the Durham Dales and
their interaction in an ice sheet with regional ice streams
that flowed from Scotland and the Lake District, around
and across the North Pennines via the Tyne Gap and
the Stainmore Gap respectively. Inherent within this
topographically constrained ice sheet reconstruction
(Figure 2a) was the former occurrence of nunataks
(mountain summits extending above the ice sheet
surface) and ice-dammed lakes created in the side valleys
of the main dales. In the 1920s and 1930s, the concept
of nunataks was beginning to be questioned, especially
by geologist Frederick Trotter who proposed a cover of
thin and inert ice over the North Pennine summits
during phases of maximum ice sheet coverage. At the
same time, the valley glacier and ice-dammed lake
configuration was being related to the early stages of
deglaciation by Arthur Raistrick (Figure 2b).

NEXTmap DEM is
a 5 metre
resolution digital
elevation model
of terrain
developed from
remote sensing

These concepts have remained critical to the
reconstruction of former glaciations everywhere, but
despite their development and use up to the present day
in deciphering the glacial legacy of the British Isles, our
knowledge of the glaciation of Weardale has remained
impoverished. Hence, this chapter provides a compilation
of evidence both old and new on the landscape evolution
and ice age legacy of Weardale.
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Figure 2: Previous
reconstructions of the
glaciation of the North
Pennines: a) the valleyconfined style of glaciation
of the north Pennines
produced by Dwerryhouse
(1902). The Stainmore Gap
and Tyne Gap ice streams
drain the regional, Scottishnourished 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.
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b
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General physiography and geologically‐
controlled landscape fabric
Numerous glaciations have taken place over the last
2.6 Ma (million years) of the Quaternary Period in
northern England and during the most intensive of these
the British-Irish Ice Sheet covered the region in several
hundreds of metres of glacier ice. Despite this, the
landscape of Weardale is dominated by the appearance
of stepped hillslope profiles and tableland upland
summits (Figure 3), features that are dictated by the
lithological and structural control of the underlying
Carboniferous bedrock strata (see Chapter 3).
At the regional scale this bedrock structure has been
influential in the development of the long-term fluvial
drainage pattern, which was later inherited and
modified by Quaternary glaciations. Most important in
this respect is the development of the North Pennine

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)

granite batholith and the associated uplift and faulting
that created the high topography of the Alston Block,
which together with the regional dip of the
Carboniferous strata forms a generally northeastwardto eastward-dipping dissected plateau. It is on this
surface that the early eastward-draining river networks
of the Wear and Tees were developed (Mills & Hull
1976; see below). This regional drainage pattern is still
evident in the present landscape (Figure 1) and the upper
Wear strictly represents a consequent valley in that it
conforms to the easterly dip of the Alston Block.
The source of the Wear and its tributaries rise on the
eastern slopes of the dissected surface of the Alston
Block, where tableland-like plateaux, similar to those of
the main Pennine chain, eg. Cross Fell 893m OD (above
ordnance datum), form an arcuate watershed and from
the north, in an anti-clockwise direction, include the
summits of Killhope Law (673 m), Wellhope Moor (675700 m), Burnhope Seat (746 m), Scaud Hill (694 m) and
High Field (708 m). This watershed separates the
drainage of the upper Wear from that of the River
Nent/South Tyne and River West Allen draining north
and the River Tees draining southeast.
These tableland-like plateaux have long been central
to notions of a very old and formerly extensive fluvial
drainage surface called a ‘peneplain’. The age and origins
of such peneplains are largely unknown but certainly
predate the Quaternary glaciations. In 1929, Frederick
Trotter proposed that the uplift of this peneplain
occurred in two phases in the pre-Quaternary part of the
Cenozoic (often termed Tertiary drainage evolution by
geomorphologists), with an ‘earlier’ erosion phase
involving the formation of the levelled surface and a
‘later’ phase involving its uplift and fluvial incision.
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During glaciations it is now understood that these
upland areas of remnant peneplain were the seeding
points of plateau icefields that gradually coalesced and
merged with regionally flowing ice in the British-Irish Ice
Sheet as glaciation progressed. However, this view has
not always prevailed, because of the presence of welldeveloped and extensive mountain summit blockfields
(felsenmeer), created by in situ frost-shattering due to
intensely cold conditions at high altitude. This evidence
was used by early researchers such as Arthur
Dwerryhouse and Arthur Raistrick to propose the former
existence of nunataks above the British-Irish Ice Sheet
(Figure 4). The more contemporary view, but one that
has been continuously debated, was initiated by
Frederick Trotter, who alternatively suggested that the
blockfield had survived beneath a cover of thin and
passive glacier ice. The implication is that the summit
blockfields could be of great antiquity, certainly predating the last glaciation at least.
The regional geological control over physiography
that is associated with the Alston Block is central not
only to the development of long-term drainage but also
later glacier ice flow patterns. As discussed below, the
physiography on northern England (Figure 1) reveals an
upland dissected by a dendritic fluvial drainage network
(the Alston Block) surrounded by relatively lower terrain
of less sharp relief, which appears smoothed and
streamlined. To the west this reflects the complex
lowlands of the Vale of Eden Basin, separated from the
Alston Block by the Pennine Escarpment. To the north
and south are the Tyne Gap and Stainmore Gap
respectively. These two features represent glacial
breaches in the Pennine-Southern Upland chain of
mountains, created when regional ice within the British-
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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.

Irish Ice Sheet flowed relatively faster in ice streams,
now widely known as the Tyne Gap and Stainmore ice
streams. These ice streams simply exploited the relatively
lower topography created by the downthrown terrain
between the faulted margins of the Alston Block and the
Askrigg Block in the south (forming the Stainmore
Trough) and the Southern Upland Fault in the north
(forming the Northumberland Trough).
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Glaciation history
The most recent (Quaternary drift) deposits of the
Weardale landscape are not widely distributed and
amount to a localised thickening on valley floors and
lower slopes, thinning rapidly upslope to form a clear
drift limit. Above this drift limit the predominantly
patchy and thin veneer of Quaternary deposits is
immediately apparent in the surface exposure of
bedrock and the influence of bedrock strata on the
stepped hillslope profiles (Figure 3). An asymmetrical
distribution has been noted in Weardale, whereby the
southern slopes of the main valley contain significantly
more hummocky ‘drift’ than the steeper northern
slopes. These Quaternary deposits are mapped
regionally as ‘boulder clay’ (more correctly termed ‘till’
but also including large areas of till modified by slope
processes) and ‘glacial sand and gravel’, representative
of landforms called eskers and kames and deposited by
meltwater in contact with downwasting glacier ice.
Regionally the tills of northern England can be used to
identify glacier ice flow pathways within the former ice
sheets, because they contain erratics, which are boulders
of exotic lithologies that can be explained only by ice
transport (Figure 5). Patterns of distribution of Lake
District erratics, particularly Shap Granite in the
Stainmore Gap, reveal that ice streams flowed
vigorously across the North Pennines (Tyne Gap and
Stainmore ice streams) and coalesced with Scottishderived ice streaming along the eastern English coast
all the way to Holderness, York and North Norfolk.
Intriguingly, the North Pennines terrain in and around
upper Weardale and Teesdale contains no erratic
material and the tills are therefore representative of
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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).

glacier ice that was seeded locally on the Pennine
uplands and was capable of resisting the overriding of
the regional ice streams even during maximum ice
sheet conditions (Figure 4). This local ice flowed
radially from the upland surfaces but was driven
eastwards by the Tyne Gap and Stainmore ice streams
so that it formed a teardrop-shaped flow unit within the
ice sheet. The local Pennine till extends eastwards in
Weardale only as far as Witton-le-Wear where it mixes
with erratic materials transported by the Tyne Gap ice
stream; hence this location marks the point at which the
Pennine Ice was pinched off or integrated within the
more dominant ice stream flowing from the northwest.
Our knowledge of glaciation history as it pertains to

84

a

b

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, 19,200-18,200 years BP (before present).
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the landforms in Weardale is largely restricted to the
events relating to the last cold stage. This is known in
Britain as the Devensian Stage (116,000-11,500 years
BP), during which the British-Irish Sheet developed quite
late on, specifically during the Dimlington Stadial after
26,000 years BP (Figure 6). Prior to this we must assume
that glacier ice probably existed in small plateau icefields,
from which outlet lobes descended into the surrounding
lower terrain. During the Dimlington Stadial all the ice
dispersal centres expanded and the North Pennines were
eventually overwhelmed by the ice sheet. During its life
cycle the ice sheet underwent some significant changes
in configuration, and ice flow trajectories shifted or even
switched completely in response to thickening and
thinning and dispersal centre migration (Figure 6). At its
thickest the ice sheet was capable of flowing largely
independently of the underlying topography but during
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build up and decay its flow dynamics were driven by
valley networks. The final recession of these valley
glaciers is documented by moraines and meltwater
channels in the Durham Dales but the dating of events
is unclear. Moraines in mid-Teesdale indicate a
substantial oscillation of the valley glacier and the edge
of the retreating Stainmore Ice Stream at around the time
of a regional ice sheet readvance known as the Scottish
Readvance at around 18,200 years BP (Figure 6). This
readvance, and indeed other readvances, might be
manifest in the glacial geomorphology of Weardale,
either in the assemblage of landforms that constitute the
Witton-le-Wear Moraine or in the lateral meltwater
channel clusters and Greenly Hills Moraine located
immediately west of Stanhope (see details below).

Glacial geomorphology
The glacial legacy of Weardale has featured very little in
previous overviews of regional glacial geomorphology,
largely due to the subtle landform record and a scant
literature associated with that record. Features identified
in previous research are here combined with new
mapping based upon digital elevation models to deliver
a glacial geomorphology map of Weardale (Figure 7).
This highlights a range of glacial landforms including
hummocky glacial terrain with glacitectonic forms,
moraine ridges within valley floor hummocky drift,
drumlins, glacifluvial assemblages (eskers and kames),
glacial meltwater channels and terraces and deltas of
likely glacier-dammed lakes, each of which is now
discussed in turn. Apart from regional ice sheet flow
directional indicators such as striations and erratics, this
evidence pertains mostly to the later styles of valley-
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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.

based glaciers. The sequentially smaller margins of these
glaciers can be traced by moraine and meltwater channel
alignments (light blue arcuate symbols on Figure 7),
concentrations of which (Witton-le-Wear Moraine;
Greenly Hills Moraine; Stanhope-Eastgate lateral melt
channels) may also represent stillstands or readvances
during overall ice recession.
The importance of glacial erratics in the
reconstruction of former regional ice flow directions has
been explained above (Figures 4 and 5), but a further
debris transport process beneath glacier ice on a more
localised scale needs to be discussed here, as it pertains
to the development of subtle landform imprints and subsurface disruptions of bedrock strata. This is a concept
known as glacitectonic deformation, whereby materials
are folded and faulted by the impact of overriding glacier
ice. This is most efficient in pre-existing soft sediments,
often relating to earlier glaciations, but certain bedrock
types are susceptible to glacitectonisation. Again it is soft
bedrock that is most prone to glacitectonic deformation
but even relatively coherent bedrock such as the
Carboniferous limestones and sandstones of the North
Pennines can be severely disrupted, because they are
prone to being dislocated and dislodged in jointbounded fragments over the top of intervening weaker
shales and coal seams. Two types of glacitectonic
feature are relevant to the Weardale scene and involve
the subglacial (more strictly sub-marginal) displacement
of ‘mega-rafts’ (Figure 8) and the proglacial
displacement and stacking of ‘composite thrust masses’
(Figure 9). An invaluable example of dislocated strata
has been reported from an opencast coal mine near Tow
Law (Figure 8b and 8c), where repeated sequences of
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coal seams and associated strata occur over the top of
3 m of till. These features are unfortunately no longer in
existence but are named the Broom Hill and Sunniside
glacial rafts and document southeasterly transport of
mega-rafts up to 3.5 km from the slopes of the Deerness
Valley onto interfluves to the south by the passage of the
Tyne Gap ice stream. An example of a composite
glacitectonic ridge is the Greenly Hills Moraine, which
records the thrusting of limestone and sandstone
bedrock blocks into the lower Swinhope Burn by the
Weardale valley glacier during its overall recession; this
moraine is significant because it records a small
readvance by the valley ice to backfill the lower part of
a tributary valley. In addition to these two classic sites,
some of the areas mapped as moraine ridge complexes
(see below) may conceivably constitute glacitectonic
features but this can only be proven through
investigations into the internal materials of the
landforms.

Figure 8: Subglacial (submarginal) glacitectonic
displacement of mega-rafts:
a) conceptual diagram
showing mega-raft initiation
beneath glacier ice; b)
annotated NEXTMap DEM
extract and c) stratigraphic
cross-sections of the megarafts reported from opencast
mining at Broom Hill and
Sunniside (after Mills 1976).

Prominent evidence for the passage of fast-flowing ice
streams in the British-Irish Ice Sheet is manifested in the
smoothed and streamlined floors of the Tyne Gap, Vale
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of Eden and Stainmore Gap, and comprises
assemblages of drumlins and flutings (Figure 1). These
are streamlined drift mounds, which are often composed
entirely of till and created by the deformation of soft
materials by ice flowing over its bed. Where till is patchy
or thin a similar streamlined appearance can be created
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by the ice as its drags rock debris over its bed to create
erosional features called rock drumlins or whalebacks;
these are particularly well exemplified in the Tyne Gap
where the bedrock strata are perfectly aligned to be
exploited by such a process. The Pennine dales also
contain dense networks of drumlins and flutings, which
reflect the topographically confined flow of ice.
Throughout the region the superimposition of
subglacially streamlined landforms such as drumlins has
facilitated reconstructions of changing ice sheet flow
directions (Figure 6), for glacier ice is often better at
smudging till and partially remoulding its bed than
eroding it. Weardale is an exception to this regional
picture for it contains very few drumlins, largely located
on the lower and intermediate slopes of the main valley
between Westgate and Wolsingham (Figure 7). The
more elongate forms appear to be strongly controlled by
the underlying bedrock structure and as such should
more correctly should be called whalebacks. All of these
streamlined landforms reflect topographically confined
glacier flow within Weardale and nowhere do
overprinted forms record changing ice flow directions.

Figure 9: Proglacial
glacitectonic displacement
and stacking of a composite
thrust mass: a) conceptual
diagram of composite thrust
mass construction by an
advancing glacier; b)
annotated Google Earth
image of the Greenly Hills
Moraine in lower Swinhope
Burn.
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The paucity of subglacial streamlining is likely a
reflection of the sparsely distributed and mostly thin till
cover. Localised pockets of thicker glacial deposits,
including till, provide some stratigraphic evidence of
former glacial processes, an excellent example being
exposed in Broadwood Quarry, Harehope. The base of
the stratigraphy exposed here (Figure 10) comprises a
crudely stratified and very poorly sorted coarse boulder
gravel, capped by a thin layer of sandy gravel (Unit 1).
Above this lies a very complexly deformed sequence of
boulder gravels, cobble gravels, sandy gravels and pockets
of laminated sands, silts and clays (Unit 2), the changing
grain sizes of which retain variable moisture levels and
thereby help pick out the deformation structures on the
section face. The section is capped by a till (Unit 3),
which cross cuts the underlying deposits. This sequence
appears to record five phases of former glacier
depositional activity: Phase 1 (Unit 1) involved
glacifluvial deposition by high discharge floods in front
of a glacier occupying upper Weardale; Phase 2 involved
a switch to lower discharge glacifluvial outwash
deposition, as recorded by the upper sandy gravel in Unit
1 which represents a normal proglacial braided river
system and likely records glacier recession; Phase 3
involved a further switch in the glacifluvial discharge
regime whereby discharges became more variable and
typical of an ice-proximal sandur plain (Unit 2) and this
likely involved a readvance of the valley glacier; Phase 4
involved the glacitectonic deformation of Unit 2, thereby
confirming a glacier readvance episode, during which the
valley glacier overrode its sandur plain; Phase 5 involved
the emplacement of a subglacial till by the overriding
glacier snout. There is no dating control on this sequence
but it clearly records oscillations by the Weardale valley
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glacier at the end of the last glaciation, compatible with
the occurrence of ice-marginal moraines and lateral
meltwater channels along the Dale (Figure 7).

Figure 10: Glacial deposits
revealed in the stratigraphy
exposed above bedrock in
Broadwood Quarry
© David A J Evans

The ice-marginal moraines of Weardale comprise
predominantly subtle hummocky drift mounds within
which short linear ridges can be traced, indicating that
a former glacier margin was responsible for deposition.
Additionally the arcuate or linear pattern of areas of
hummocky drift also represent ice-marginal deposition
but are not always clearly morainic in origin. For
example, some hummocks represent thrust masses
(glacitectonic rafts or composite ridges; Figures 8 and
9) and others are of glacifluvial origin and the exact
mode of formation can be confirmed only with better
exposures through the internal deposits; hence some
features are classified as hummocky glacial terrain on
Figure 7. The patterns of moraine ridges in Figure 7
clearly represent lateral and latero-frontal moraines,
which record ice marginal recession and/or readvance
during overall recession of the Weardale valley glacier.
This is consistent with their association with lateral
meltwater channels (see below). The oldest and most
complex of the latero-frontal moraine assemblages
occurs at the junction of the River Wear, Bedburn Beck
and Linburn Beck and is hereby named the Witton-leWear Moraine (Figure 11). It forms an arc of morainic
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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.
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drift, meltwater channels and glacifluvial mounds
(eskers and kames) created at the former uncoupling
zone between glacier lobes in Weardale and the
Bedburn/Linburn drainage basin. Meltwater appears
to have been diverted around the southern edge of the
Weardale lobe, creating an inset sequence of channels,
one of which now contains the lower reaches of
Linburn Beck. Meltwater channels descending
southwards into Linburn Beck from moraines on the
Hamsterley upland terminate on the valley floor at a
complex of glacifluvial hummocks; this association of
landforms probably represents the drainage of
proglacial meltwater from ice in Bedburn Beck into
Linburn Beck and under glacier ice still occupying the
valley, creating features known as subglacially engorged
or valley eskers. The significant number of channels
and moraine ridges in this area suggest that the
Weardale valley glacier and the ice lobes in Bedburn
Beck and Linburn Beck occupied this position for a
relatively long period of time, gradually uncoupling and

feeding meltwater around and under their receding ice
margins. Further moraine assemblages, in places
associated with concentrations of lateral meltwater
channels, indicate that glacier recession in an up valley
direction from the Witton-le-Wear moraine was
punctuated by stillstands / readvances. These occur on
the south sides of Weardale at Shipley Beck, Stanhope,
Eastgate / Westernhope Burn and Greenly Hills /
Swinhope Burn. Further assemblages of lateral
moraines in upper Burnhope Burn and Ireshope Burn
record the final stages of ice recession out of the
Weardale drainage basin and onto plateau icefield
remnants (Figures 7, 12 and 13).
Lateral meltwater channels are well developed in the
North Pennines, Weardale being no exception. These
features are obvious on both the north and south sides
of the Dale and often cut around the interfluves of its
tributary valleys (Figure 12). A glacial meltwater origin
for a channel or valley is inherent when it contains either
an underfit stream or, most often, no stream at all. It also
occurs in a location that is incompatible with normal
fluvial drainage and so only glacier-directed meltwater
can account for its position and size. Hence meltwater

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).
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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).
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channels can cut across watersheds and descend
diagonally rather than directly downslope. The latter
type often occur in inset or en echelon sequences on
hillsides that can be explained only by their erosion by
glacial meltwater that was diverted alongside a valley
glacier; such lateral channels often bend around
interfluves to enter the lower reaches of tributary valleys,
into which the main valley ice had flowed or backfilled.
Such lateral channel sequences develop only in
association with cold-based glaciers (ie. those not close
to their pressure melting point), as found in present day
polar latitudes. In the North Pennines the presence of
lateral meltwater channels has been interpreted as
evidence for a phase of colder environmental conditions,
during which ice marginal recession slowed or even
switched to readvance. A prominent cluster of lateral
meltwater channels occurs in upper Weardale between
Stanhope and Wearhead (Figures 7 and 13), and is
associated with significant backfill moraines in both
Westernhope Burn (Figure 12) and Swinhope Burn
(Greenly Hills Moraine; Figure 9b). It appears therefore
that a phase of stabilisation, as well as the readvance

required to glacitectonically construct the Greenly Hills
Moraine, occurred at the more advanced stages of the
retreat of the Weardale valley glacier. Based upon the
location of a similar, chronologically controlled moraine
and lateral meltwater channel assemblage in upper
Teesdale, it is most likely that this phase of stabilisation/
readvance in Weardale corresponds to the Scottish
Readvance of around 18,200 years BP (Figure 6e).
Glacifluvial deposits have been identified on the lower
slopes and valley floors around Weardale. They
constitute either the discontinuous upper terraces
located on the floodplain edges of the River Wear or
linear assemblages of drift mounds, specifically in the
lower Bedburn Beck valley and on the Waskerley BeckThornhope Beck interfluve. The former are interpreted
as the remnants of glacifluvial outwash surfaces or
valley sandur and kame terraces, deposited in front of
the receding Weardale valley glacier. The incision and
terracing of these deposits took place during the
postglacial development of the River Wear floodplain.
The linear drift mound assemblages are significant in
that they appear to represent the accumulation of
glacifluvial sediments at the coalescence or suture zones
between different ice flow units or valley lobes. This is
best exemplified by the Waskerley Beck-Thornhope
Beck interfluve assemblage, which forms an arcuate
ridge similar to a latero-frontal moraine on the west side
of the Waskerley Beck valley (Figure 14). The
constituent drift mounds within this ridge occur at the
end of the lateral meltwater channels that wrap around
the interfluve. These channels were cut by the marginal
meltwater of the Weardale valley glacier and so it
appears that the glacifluvial sediments were deposited
in mounds where the discharges in the channels
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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

dropped, specifically at the junction with the glacier lobe
in the Waskerley Beck valley. Hence this linear
assemblage of drift mounds composed of glacifluvial
sediment constitutes an interlobate esker and can be
used to demarcate the uncoupling point of the Weardale
and Waskerley Beck valley glaciers.
The uncovering of some other tributaries to Weardale
by ice recession appears to have given rise to the
development of short-lived ice-dammed lakes. Evidence
of this occurs in Rookhope and Middlehope Burn on
the north side of Weardale as well as in Swinhope Burn
to the south. These valleys all contain hummocky drift
and/or moraine in their lower reaches that was
deposited by the Weardale valley glacier. The most
obvious of these scenarios is the Greenly Hills Moraine,
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in front of which lies an incised valley infill at around
430 m OD (Figure 9b). A meandering incision on the
eastern side of the moraine appears to record the
catastrophic drainage of the lake back under the
Weardale valley glacier, an event that was likely
responsible also for the deposition of glacifluvial
mounds on the proximal (down-valley) side of the
moraine; these would have been deposited in a
subglacial tunnel and therefore constitute eskers that are
unusual in that they relate to drainage back into the ice.
In Rookhope a hummocky drift assemblage with a
similar meandering incision occurs immediately
northwest of the village of Eastgate (Figure 7). Up valley
of this assemblage, a subtle bench occurs at 285 m OD,
at the base of the lateral meltwater channels that wrap
around the Rookhope-Wear interfluve. A little further
north at Smail’s Burn, small delta surfaces occur at 350
and 320 m OD, immediately upslope from a large
rotational landslide induced by failure of fine-grained
lake sediments on the west bank of the Rookhope Burn
(Figure 15). These features all record an ice-dammed
lake in Rookhope, whose surface level was lowered in
stages from 350 m down to 290 m before it
catastrophically emptied beneath the Weardale valley
glacier. Finally, in Middlehope Burn, an area of
hummocky drift called the Whitley Hills records
Weardale ice backfilling the lower valley and damming
a small lake which is recorded by a bench but into the
hummocky drift at 390 m OD (Figure 7). The water in
these ice-dammed lakes likely contributed in part to the
incision of lateral meltwater channels, through which it
spilled where the ice dam intersected lower topography.
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Figure 15: Oblique view
looking southwest across
annotated LiDAR image of
the Smail’s Burn landforms,
including delta surfaces and
a rotational landslide in finegrained lake sediments on
the west bank of the
Rookhope Burn
©Environment Agency
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Postglacial geomorphology
The terraced alluvium of the restricted floodplain of the
River Wear is a product of fluvial processes that have
operated since deglaciation. These processes, specifically
incision and reworking, were initiated within the valley
bottom sandur deposits laid down in front the receding
Weardale valley glacier and its tributaries. The oldest of
the fluvial deposits are therefore the highest terrace
remnants that occur in discontinuous strips along the
outer edges of the River Wear floodplain, where they
merge or have been reworked from kame terraces. In
addition to these fluvial processes, slopes have also
adjusted to their postglacial equilibrium by undergoing
mass movements or landslides. Both fluvial and hillslope
processes are most active in the period immediately after
deglaciation due to a concept known as the paraglacial

cycle. This refers to the fact that sediment yields and
erosion rates are highest immediately following
deglaciation, then decline through time as sediment
supply becomes exhausted and slopes relax towards
more stable profiles. The paraglacial cycle effectively
ends once sediment yields drop to rates that are typical
of unglaciated terrains, which in Weardale are
essentially those of the present day. The most obvious
impacts of the paraglacial cycle in upland terrains like
the North Pennines are the cliffed and terraced glacial
deposits on the valley floors and the numerous
landslides and rock slope failures (RSF) developed in
glacial deposits and bedrock respectively. Some
landslides developed in till on relatively steep hillslopes
continue to the present day due to a process called
paraglacial rejuvenation, a product of more recent
climatic changes and meterological events such as heavy
and persistent rainfall.
The largest and most impressive mass movement
features in the upland terrain around Weardale are the
RSFs developed in bedrock. These features are normally
a type of RSF called arrested rockslides, which feature
an upper-slope source headscarp and rupture surfaces
created by tensional or pull-apart forces and a
downslope area of slipped bedrock masses. Although we
often do not know the exact ages of such landforms, it
is generally accepted that glacial loading, erosion and
unloading of terrain are the prime drivers of RSFs,
weakening rock masses and oversteepening rock slopes.
Consequently, failure occurs shortly after deglaciation
or lags deglaciation by centuries or millennia. Also
potentially influential in RSF is seismic activity, which
may be induced by fault reactivation due to glacioisostatic rebound (ice sheet unloading of the crust).
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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 southsoutheast 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 westnorthwest across the
rotational landslides that
have developed in the
lateral moraines that backfill
the lower reaches of
Westernhope (LiDAR image
by the Environment Agency).

a

b

c
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Excellent examples of RSF occur in Bollihope (Figure
16a) and around the head of Swinhope (Figure 16b).
More ubiquitous are the substantial rotational landslides
that have developed, and in places continue to develop,
in the thicker glacial deposits (see Figure 15), mostly in
till and moraine ridges where they occupy steep and/or
fluvially undercut slopes. Excellent examples occur in
the lateral moraines that cut across the lower reaches of
Westernhope (Figure 16c). Such landforms demonstrate
that, in order to understand the future impacts of climate
change on geomorphological processes in formerly
glaciated terrain, we need to have a sound knowledge of
the nature and distribution of glacial materials.

Further information
The detailed illustrations in this chapter can be enlarged
online at livinguplands.com.
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