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Abstract 
This paper discusses the evidence for the existence of ice-contact lakes around Rawtenstall in the Rossendale Forest and the 
Goyt valley and its tributaries in the High Peak during the last (Devensian) glaciation. Morphological evidence for shorelines 
and overflow channels exists, but is of limited value and cannot be dated. However, evidence from archive borehole records 
and new boreholes indicates that lake sediments occur extensively in both areas and contain rhythmically laminated silt 
and clay which is likely to be varved. The High Peak Lake formed in a proglacial position and was short-lived due to rapid 
ice retreat. However, Lake Rawtenstall was a lateral ice-contact lake and is likely to have existed for much longer; sediments 
here could potentially be used to construct a varve chronology which spans the last Glacial Maximum.
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laterally extensive and may be associated with a partially or 
completely floating ice terminus, allowing enhanced iceberg 
calving. Discharge into such lakes is dominantly from the 
glacier, with a very minor non-glacial component. Small 
lakes may rapidly infill with deltaic sediments. However, 
if such lakes form along a recessional ice margin, they may 
expand as the ice retreats. Commonly lake water levels 
drop as retreat progresses and new overflow channels 
become available. These changes result in the development 
of multiple minor shorelines and widespread deposition 
of thin sequences of glaciolacustrine sediments. In many 
cases, these sediments are annually laminated (i.e. varved) 
and can be used to construct high resolution chronologies 
for the lake system. Varve thicknesses can be related to a 
variety of controls on meltwater inputs, including climatic 
controls (e.g. Hodder et al., 2006).

Introduction
This paper reports new, on-going work on the evidence 
for the existence and extent of Devensian (last glaciation) 
ice-dammed lakes in the valleys around the Manchester 
embayment. The work focusses on two areas in particular: 
the upper Irwell valley, which lies in the Rossendale Plateau 
area on the northern side of the Manchester Embayment; 
and the High Peak area along the valley of the River Goyt 
and its tributaries (Fig. 1). 

Ice-dammed Glacial Lakes
Ice-dammed lakes occur in two positions in relation to 
the ponding ice mass – either along the frontal ice margin 
where the land surface slopes towards the glacier, or at 
the lateral margins where water may be ponded in ice 
free valleys. In modern systems, the resulting lakes exhibit 
a range of distinctive features. Proglacial lakes may be 

mailto:C.Delaney@mmu.ac.uk
mailto:erhodes@ess.ucla.edu
mailto:rgc@bgs.ac.uk


North West Geography,  Volume 10, 2010 2

Lateral ice-dammed lakes occur along the margins 
of valley glaciers in mountainous regions and may exist for 
hundreds of years (e.g. Loso et al., 2006). Lateral lakes are fed 
by both glacial and non-glacial waters, in varying proportions 
depending on local topography. If the supporting ice dam is 
relatively thin, they can be associated with glacial outburst 
floods where lake levels may drop rapidly, and in some 
cases the lake may drain entirely. The frequency of such 
events tends to increase and the magnitude decrease during 
glacier recession.

 
Previous Work
The history of glacial lake theories in the northwest is 
reviewed by Crofts (2005) but is summarised here for 
convenience. The former presence of ice-dammed lakes 
along the southern margins of the Rossendale Plateau 

and western margins of the southern Pennines was first 
postulated around the beginning of the last century (e.g. 
Carvill Lewis, 1894; Baldwin, 1911; Jowett, 1914) and 
was strongly influenced by the work of Kendall (1902) 
in the Cleveland Hills. The position and extent of lakes 
was reconstructed using a combination of topography, 
the presence of morainic material indicating the likely 
ice margin, the discovery of lacustrine sediments during 
reservoir construction at some sites (see Crofts 2005 for 
further details), but most importantly using the widespread 
occurrence of features interpreted as glacial meltwater 
channels along valley sides and across watersheds. These 
were all interpreted as lake overflow channels associated 
with specific lake water levels and were used to reconstruct 
a series of stages in glacial recession and associated lake level 
falls (Jowett, 1914; Jowett and Charlesworth, 1929). 

Figure 1: Topographic map of Manchester Embayment, showing heights OD, and location of areas discussed in the text. Red dashed line 
indicates position of ice margin at maximum extent. Position of Figures 2 and 9 are outlined. Bo = Bolton, Bu = Bury, Ro = Rochdale, Li 
= Littleborough, St = Stockport, WB = Whaley Bridge, CF = Chapel en le Frith. Map produced using Ordnance Survey Landform Profile 
DTM at 1:10,000 scale, supplied by Ordnance Survey/Edina (© Crown copyright/database 2009). 
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By the 1930s the widespread existence of ice-dammed 
lakes in the British uplands was universally accepted and 
workers had reconstructed the evolution of multiple lakes 
along the northern and eastern margins of the Manchester 
Embayment using meltwater channels with associated deltas 
and moraines (e.g. Jowett, 1914; Jowett and Charlesworth, 
1929). Later workers expanded the theory even further;  
Poole and Whiteman (1961) defined a Late Devensian 
proglacial lake stretching from Wigan to Market Drayton, 
covering an area of 15,000km2 with a shoreline at 120m (see 
Crofts, 2005). 

The ice-dammed lake theory was first questioned 
at the end of the 1950s, when Sissons (1958) demonstrated 
that meltwater channels could form, and frequently did, 
without the presence of an ice-marginal lake. This was a 
substantial criticism of earlier workers’ interpretations and 
a series of papers by Johnson (1963, 1965, 1969) and research 
by Williams (1975) questioned the existence of ice-dammed 
lakes around the Manchester Embayment, although 
Johnson (1969) records details of laminated silts and clays 
which “bear a strong resemblance to varves” (p. 98) close 
to Broadbottam between Hyde and Glossop. By 1985 the 
ice-dammed lake theory had been largely abandoned and 
a dominantly subglacial origin established for meltwater 
channels. However, the application of sediment stratigraphy 
approaches to sedimentary sequences recorded in borrow 
pits and boreholes around the Cheshire and Lancashire 
lowland margins has provided mounting evidence of the 
existence of ice-dammed lakes. In particular, the work of 
Thomas (1984, 1985, 1989) has shown that ice-dammed 
lakes were widespread along the western margins of the 
late Devensian icesheet in Shropshire and north east Wales 
(Crofts, 2005). Additionally the considerable number of 
borehole records from road construction projects lodged 
with the British Geological Survey since the 1970s has 
provided a wealth of new data. Analysis of borehole records 
from the southern part of the Rossendale Plateau by Crofts 
and others has shown that laminated clay or stoneless clay 
and silt is widespread in valleys in this area and may reach 
considerable depths, suggesting the presence of multiple 
long-lasting ice marginal lakes during the late Devensian 
(Crofts, 2005). 

Methods
In this paper we consider sedimentary and morphological 
evidence for lakes in the Upper Irwell valley and the High 
Peak area, using a combination of field mapping, analysis 
of borehole archives, hand augering and newly drilled 
borehole evidence. As work is ongoing, the type of evidence 
considered here differs between the two areas. Evidence 

considered for the Upper Irwell is heavily based on the BGS 
borehole archives, with supplementary evidence from new 
borehole records provided by Geotech Ltd, by four new 
boreholes put down by the BGS using a Dando percussion 
drill rig, and by a minor amount of geomorphological 
mapping, while evidence considered from the High Peak is 
primarily morphological, and is supplemented by data from 
BGS borehole records and one hand-augered borehole. The 
two sites are considered separately below.

Some caution is necessary in utilising archive bore-
hole logs to infer sedimentary environments as the records 
may be very basic and/or the terminology used in recording 
sediments may be inaccurate or inappropriately applied. 
Nevertheless, division of sediments into recognisable 
facies types is often possible. Sediments interpreted as 
glaciolacustrine in origin in this paper are described using 
a range of terms, including: varved clayey silt, silty clay 
and clay, lacustrine deposits, and laminated silt and clay. 
This interpretation is supported by evidence from the four 
exploratory BGS boreholes in the Rawtenstall/Haslingden 
area. Silt and clay or clay deposits where no mention 
of lamination is made are only considered indicative of 
distal glaciolacustrine sedimentation where the borehole 
in question is close to others in which “laminated” or 
“varved” sediments were recorded. The term “varved” is 
considered to indicate rhythmically laminated sediments, 
as no positive evidence for annual deposition of couplets 
is provided. Interpretation of sediments termed “foliated 
clay” or “bookleaf clay” are discussed separately below. The 
term “boulder clay” or any material containing a range of 
particle sizes but with dominant fine (i.e. silt and clay) and 
coarse (i.e. pebble or coarser) modes are recorded here as 
diamictons. Sediments recorded as laminated silts and clays 
but containing a significant (i.e. more than occasional) gravel 
or coarser material are recorded as laminated diamictons. 
The origin of coarser sorted or laminated sediments, 
including sands and pebble to boulder gravels is discussed 
separately below.

Caution is also necessary in interpreting morpho-
logical features, as both areas considered here have 
undergone considerable modification during the Holocene 
and by human activity particularly since the early 19th 
century. Creation of terraces for now-abandoned railway 
lines, widening, deepening and infilling of gorges for roads, 
railways and canals, and widening of existing terraces to 
accommodate buildings may all have occurred and it is 
difficult and sometimes impossible to distinguish between 
original and artificial features. This issue is discussed further 
in relation to individual cases below.
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Glacial Lake Rawtenstall
Glacial Lake Rawtenstall (Crofts, 2005; approximately 
equivalent to Jowett’s Glacial Lake Irwell) is proposed to 
have been located in the upper Irwell Valley from Ewood 
Bridge to Bacup approximately, and extending into tributary 
valleys, including Whitewell Brook, Limy Water and the 
Holden valley (Figs. 2A and B). Jowett (1914) first proposed 
the existence of a lake here during the last glacial period.  
This glacial lake was ponded partly by bedrock and partly 
by ice originating from Scotland and the Lake District to the 
north and Irish Sea ice to the south. This view was supported 
by Wright et al. (1927), who mapped areas of sand and gravel 
in the Irwell valley and around Haslingden which they 
associated with the lake (Fig. 2B). Jowett envisaged a series 
of stages in the evolution of the lake, starting with a highest 
water level of around 390m OD, during which lake waters 
drained eastward into the Cliviger Gorge, and followed 
by a series of progressively lower lake water stages which 
reflected shifts in the location of the main lake overflow 
westwards, ending with lake waters draining southwards 
and eastwards through Cheesden Brook into a series of lakes 
around Rochdale and Littleborough, which finally drained 
north eastward through the Walsden Gorge (Fig. 2A). 

Crofts (2005) mapped the occurrence of laminated 
and stoneless silt and clay in the area, using BGS borehole 

records, and found at least 60 boreholes contained records 
of these sediments between the western end of Stacksteads 
Gorge in the east and Holden Valley in the west. All likely 
glaciolacustrine sediments lay below 200m OD, although 
Crofts suggested that the main overflow from the lake would 
have been at Trough Gate in the east (Fig. 2A), which lies at 
290m OD. He suggested that subsequent changes in water 
level may have resulted in the incision of the Stacksteads 
gorge to 200m OD, although he also pointed out that the 
gorge may have been cut subglacially. He also noted other 
possible overflows to the north along tributary valleys, at 
heights of 350m, 302m and 240m OD (which corresponds to 
a shoulder in Stacksteads Gorge), from east to west. 

Morphology
A preliminary survey of morphological features indicates 
that there is some evidence for terrace development which 
needs further investigation. In particular, a surface at 250m 
OD is found at a number of locations from Haslingden in 
the west to Hugh Mill, immediately west of the Stacksteads 
gorge, in the east, and the Limy Water valley to the north 
(Fig. 2A). While the Haslingden and Hugh Mill surfaces are 
likely to have been modified during building in the last two 
centuries, the other surfaces are in agricultural land with 
no obvious evidence of modification. We propose that this 

Figure 2:  A. Digital Elevation Model (DEM) of the Rossendale Plateau area, showing places mentioned in the text.  LM = Lumb Mill, Ha 
= Haslingden, Ra = Rawtenstall, HM = Hugh Mill, Ba = Bacup, Li = Littleborough, Ro = Rochdale, Bu = Bury. 
B. DEM of the Irwell valley around Haslingden and Rawtenstall, showing the location of borehole transects (indicated by Figure number), 
location of new boreholes drilled by BGS and location of sand and gravel deposits along upper Irwell valley.  DEM produced using Ordnance 
Survey Landform Profile DTM at 1:10,000 scale, supplied by Ordnance Survey/Edina (© Crown copyright/database 2009).
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terrace reflects surface water level for a prolonged period; 
the individual features may be erosional or depositional. 
This 250m surface is higher than the col at Rising Bridge 
at 240m OD, which may indicate that either a northern ice 
lobe blocked this valley to the north, or that post-glacial 
incision has occurred around Rising Bridge. However, the 
terrace at Haslingden town centre is underlain by a sand 
and gravel deposit (see below) which extends southwards 
from the mouth of the Rising Bridge channel, consistent with 
discharge from the north, and may be a delta or outwash 
fan formed by discharge from an ice margin southwards 
through the Rising Bridge col. 

A second surface occurs at 200m OD in the Helmshore/
Bent Gate area (Fig. 2B), while further terraces occur in the 
lower part of the Haslingden sand and gravel deposit, along 
the Upper Irwell, and immediately north of the bedrock 
gorge at Lumb Mill. However, all of these terraces are either 
currently occupied by buildings, or have been in the past, 
and may be artificial or have been significantly altered; 
further investigation is required here.

Sediments
Sedimentological evidence for a lake is much clearer. 
An analysis of the BGS and other borehole records, 
supplemented by four boreholes drilled by the BGS in 
spring and summer 2008 indicates considerable spatial 
variability in sediment type and stratigraphy. Borehole 
logs are illustrated in Figs. 3, 4, 6 and 7. Three sedimentary 
associations have been identified; these are: 1. Laminated 
silt and clay association; 2. diamicton association; 3. sand 
and gravel association.

Laminated silt and clay association 
Sediments in this association are dominated by silt and clay 
described as laminated or varved with minor interbeds 
of laminated silty sand and sandy silt, gravel, laminated 
diamicton and occasional thin beds of diamicton. The 
sediments are interpreted as distal glaciolacustrine (see 
below). This sedimentary association occurs in two areas 
- the Irwell valley from Bent Gate northwards and the 
Holden valley. Borehole records indicate that the Irwell 
valley from north of Bent Gate to Hugh Mill at the western 
end of the Stacksteads gorge contains extensive laminated 
silts and clays, sometimes described as varved (Figs. 2, 3, 
4). There are no borehole records for the Stacksteads gorge 

Figure 3: Borehole stratigraphies, New Hall Hey long-section. Position of long section is shown in Figure 2B.
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area or the Limy Water and Whitewell Brook valleys, so the 
extent of sediment eastwards and northwards is unknown. 
The lacustrine sediments recorded are confined to the flat-
bottomed parts of the valley and are overlain by well-sorted 
pebble and cobble gravels and thin diamictons, interpreted 
here as Holocene fluvial and colluvial deposits. As most 
boreholes did not reach bedrock, the recorded maximum 
thickness of 20m of laminated silt and clay (Fig. 4) is taken 
as a minimum here. No laterally continuous diamictons 
indicative of subglacial lodgement were identified and in 
boreholes which reached bedrock the lowest sediments 
recorded are either silt and clay or pebble and cobble gravel. 
The stratigraphic position of the lacustrine sediments 
indicates that they were deposited in either a lake at the 
maximum ice advance or in an ice-recessional lake, as they 
are not overlain by any major diamicton units. 

For this project, a 6m deep exploratory borehole was 
put down at New Hall Hey (Fig. 2B). It confirms the existence 
of rhythmically laminated silt and clay underlying fluvial 
gravels in this area (Fig. 5). Rhythmites in the core consist 
of a lower, usually laminated, coarse silt layer which grades 
rapidly into a dark silty clay upper part. Each clay unit has a 

sharp upper contact with the next overlying silt lamination. 
Analysis of these sediments is ongoing; however, macroscale 
characteristics indicate that these are varves. If so, they may 
allow construction of a floating chronology for deglacial 
events in this area and provide a record an annual record 
of discharge variation into the lake. 172 rhythmites were 
counted over 3.5m of core. Borehole logs from the New Hall 
Hey area are sufficiently detailed to record lateral variation 
in particle size and indicate that the laminated sediments 
become sandier towards the mouth of the Limy Water valley 
at Rawtenstall, indicating that this valley was a source of 
(possibly non-glacial) discharge into the basin (Fig. 3). 

A second sequence of laminated silt and clay is 
recorded in boreholes around Holden Wood (Fig. 6a). One 
borehole north of the Holden Wood reservoir (BH169 on Fig. 
6a) reached bedrock and records a basal diamicton overlain 
by laminated silt and clay, a further diamicton and then an 
extensive sequence of laminated silt and clay capped by 
laminated diamictons. This sequence is interpreted as an 
advance lake – glaciation – recession lake sequence, capped 
by colluvial deposits reworked from glacigenic sediment. 
Further east, laminated silt and cay capped by laminated 

Figure 4: Borehole stratigraphies, Hugh Mill 
cross-section. Position of cross section is shown 
in Figure 2B. 
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diamictons are recorded interbedded with the Haslingden 
sand and gravel. Silt and clay to 20m thickness are recorded 
at one point (BH 82, Fig. 6). 

 
Diamicton association
Sedimentary sequences dominated by diamictons occur 
south of Bent Gate along the northern and eastern margin of 
the Helmshore-Bent Gate plateau (Figs. 2 and 7). Boreholes 
recording foliated clay around Ewood Bridge were initially 
interpreted as recording further distal glaciolacustrine 
deposition (Crofts 2005). However a new borehole at 
Lindon Park, Ewood Bridge (Fig. 2) indicates that sediments 
recorded as foliated and laminated clay in this area are 
actually clast-rich and clast-poor diamictons respectively, 
although deeper sediments recorded in the BGS records 
as lacustrine deposits, which were not reached by the new 
borehole, are thought likely to be glaciolacustrine in origin. 
This concurs with borehole logs from further north around 
Bent Gate, which record diamictons with interbeds of 
rhythmically laminated silt and clay. 

The sequence in this area consists of a basal gravel 
up to 3m thick and described as a residual soil in one 
borehole (BH 45 in Fig. 7), which rests directly on bedrock 
and is interpreted as a pre-Late Devensian deposit. This is 
overlain by a diamicton 2-10m thick) in most cores, which is 
succeeded by either a gravel capped by a unit of rhythmic-
ally laminated silts and clays (recorded as lacustrine deposits 
in the Ewood Bridge cores, which are not shown here), or 
directly by laminated silts and clays. These latter sediments 
are 2-5m thick and interpreted as distal glaciolacustrine. A 
further unit of diamicton overlying these sediments contains 
thin beds of sand and occasional clast-poor beds of silt and 
clay and is up to 18m thick. These sediments were sampled 
in the new borehole. On the basis of clast lithology and 
shape Jones (2008) has interpreted the main diamicton as 
a combination of subglacial lodgement till and slumped 
material reworked from similar glacigenic sediments. The 

clast-poor diamicton may also be a lodgement till, or may 
be a melt out till. Sand laminae recorded in borehole logs 
may also reflect melt out and subglacial sheetflow of water. 
Clast lithologies are dominantly local, but the presence of 
limestone, metamorphic and igneous erratics indicates that 
the ice originated in the Lake District or Scotland. Diamictons 
along the northern side of the plateau are overlain by further 
rhythmically laminated sediments, recorded as distorted in 
places (Fig. 7), which can be traced westwards over the sands 
and gravels around Haslingden (see below).

The sedimentary stratigraphy in this area is inter-
preted as an advance-retreat sequence at a subaqueous 
margin. The lower laminated silts and clays are interpreted 
here as advance glaciolacustrine sediments, deposited 
in a lake formed as ice advanced into the upper Irwell 
valley from the south and/or west, blocking the valley. 
Subsequently a considerable thickness (>20m in places) of 
ice-contact diamicton was deposited prior to recession of the 
ice. The upper rhythmites are interpreted as a recession lake 
deposit; distortion of sediment is most likely to be the result 
of post-depositional slumping. The plateau surface at 200m 
OD is interpreted as a wave erosion surface associated with 
a lake level around this height.

Sand and Gravel association 
These sediments occur as an elongate lobe of gravel and 
sand extending southwards and downslope from the east-
ern margin of the Rising Bridge channel (Figs. 2B, 6). The 
surface of the deposit consists of a series of terraces dropping 
from c. 250m southwards to a lowest terrace at c. 190m OD 
around Flax Moss; however some of these terraces may be 
artificial, as the fan surface has been built over for at least two 
centuries. The sediments consist of well-sorted fine to coarse 
sands with some granules and pebble to cobble gravels. 
Stratification was not identified in borehole records, but 
was recognised in some of the sediments recovered in new 
exploratory boreholes (Fig. 2) and is likely to be common. 

Figure 5: Photo of part of New Hall Hey core collected by British Geological Survey, showing rhythmically laminated (varved) sediments.
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Figure 6: A (above).  Borehole stratigraphies for 
Haslingden fan cross-section showing boreholes 
extending into Holden Wood area. 
B (right). Borehole stratigraphies for Haslingden 
fan long-section. 
Position of sections is shown in Figure 2B. 
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The sediments contain occasional interbeds of laminated 
silt and clay (recorded as “varved” in many cases) and 
diamictons. A thickness of 31m was recorded in Borehole 
67; this is a minimum thickness as no boreholes in the main 
part of the deposit reached bedrock (Fig. 6A). 

The highest point at which sands and gravels 
are recorded is at 248m OD under the 250m terrace at 
Haslingden (Borehole 234, Fig. 6Bb), where sandy gravels 
interbed with thin, sandy diamictons and rest on a bedrock 
surface at 240m OD. The deposit fines south and south 
eastwards from this point and also fines downwards 
overall. Lamination is recorded in many fine gravel, sand 
and silty beds. In the western part of the deposit an upper 
bed of gravel-rich sediment extends south westwards and 
overlies sandy silts. These in turn thin westwards and overlie 
rhythmically laminated silt and clay which extend into 
the Holden Wood area (Fig. 6A). To the south the surface 
gravel fines downslope and is succeeded by laminated 
sand and sandy silt; these overlie and interidigitate with 
beds of rhythmically laminated sandy silt and clay (Fig. 6B). 
The western side of the deposit is draped by rhythmically 
laminated silts and clays (Fig. 6A).

An example of the rhythmically laminated sediments 
was retrieved from the Haslingden Fan and analysed by 
Jones (2008). The sediments consist of rhythmic couplets of 
silt and clay; as at New Hall Hey these sediments contain 
features consistent with deposition as clastic annual varves 
deposited in a glaciolacustrine environment. Their presence 
indicates that the lower part of the Haslingden sands and 
gravels lying below 215m OD is glaciolacustrine in origin 
and consists of interbedded proximal and distal sediments 
indicating major temporal fluctations in sediment input at 
this site. The origin of the sediments above 215m OD is less 
clear; sorting and internal lamination indicate that they are 
waterlain, but there is insufficient exposure to differentiate 
between fluvial outwash, fan-delta, Gilbert delta, or 
subaqueous outwash fan deposition. The terraced surface 
may reflect primary depositional surfaces, for example as a 
series of glaciofluvial deltas deposited as lake levels fell, or 
may be erosional terraces cut into a subaqueous deposit. 

Figure 7: Borehole stratigraphies for 
Bent Gate area. 
Position of cross-section is shown in 
Figure 2B. 
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Lateral Relationships
The relationships between the three sedimentary associations 
can be established to a certain extent. It is clear that the 
Haslingden sands and gravels interdigitate with laminated 
silts and clays to the east and west, and the lower part 
of this deposit is capped by laminated silt and clay to 
the east, indicating a final stage of distal glaciolacustrine 
sedimentation after deposition of the fan/delta had ceased. 
To the west, distal glaciolacustrine sediments are capped 
by coarser material, indicating progradation into the 
lake and cessation of fan and glaciolacustrine deposition 
at approximately the same time, or that a subaerial fan 
prograded onto the glaciolacustrine deposits. 

The drape of glaciolacustrine sediments on the 
eastern side of the Haslingden fan or delta continues onto 
the diamictons to the west, although sediments are much 
distorted. The disruption of these sediments is mostly due to 
post-depositional slumping and it is likely that the drape in 
this area was far more extensive in the past. The connection 
between these sediments and the glaciolacustrine sediments 
further up the Irwell valley is not clear as there is a gap in 
the borehole records, but it seems likely that this drape is 
the equivalent of the highest glaciolacustrine sediments 
around Rawtenstall. 

The relationship between the Haslingden sands and 
gravels and the Bent Gate – Ewood Bridge diamictons is not 
clear from the borehole records. From the relative heights of 
the boreholes it appears that the sands and gravels lie beside 
the diamictons rather than on top of them; it is unknown 
whether they interdigitate or whether one sediment body 
predates the other. 

Discussion
A model for lake development in the valley can be 

proposed using the morphological and sedimentological 
evidence. An early phase of gravel and diamicton deposition 
recorded in deep boreholes along the valley bottom may 
date to the early Devensian or to a previous glaciation. Using 
a top-down approach and taking into account dates from 
elsewhere in the region (Heijnis and van der Plicht, 1992; 
Worsley et al., 1983), we assume that later deposits date from 
the last glacial event during the late Devensian. At the start 
of this phase ice advancing from the south and west must 
have blocked the Irwell south of Ewood Bridge and allowed 
deposition of glaciolacustrine sediments around Ewood 
Bridge and Bent Gate. Clast lithological analyses indicate that 
this ice was part of the Irish Sea Ice Stream which advanced 
into the Manchester and Cheshire plains after 24,000 yr bp 
(Rendell et al., 1991). A further ice advance overrode these 

Figure 8: DEM of Rossendale Plateau area showing area likely to 
be flooded for three lake levels.  Note that position of the ice margin 
is not shown and any post-glacial land surface tilt or deformation 
has not been taken into account. A. 300m. B. 250m. C. 200m. 
DEM produced using Ordnance Survey Landform Profile DTM 
at 1:10,000 scale, supplied by Ordnance Survey/Edina (© Crown 
copyright/database 2009). 
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sediments and led to the deposition of diamictons in this 
area; this deposit has a positive topography and may be a 
lateral or terminal moraine. It is unclear from the borehole 
records how far up the valley this ice advanced – it is 
possible that thin diamictons recorded in some cores around 
New Hall Hey are ice-contact deposits. However, these 
sediments are not laterally continuous and, for example, 
boreholes reaching bedrock around Hugh Mill do not 
record diamictons. Jowett (1914) records Northwestern till 
(containing Lake District and Scottish erratics) all along the 
Irwell to beyond Bacup, and extending south eastwards 
through Trough Gate towards Rochdale and Littleborough, 
indicating that the valley was glaciated at some point; locally 
derived boulders on Scout Moor to the south of the Irwell 
indicate that ice also advanced across the valley at some 
point. However, some or all of these deposits may not be 
Late Devensian in age and it is possible that the upper Irwell 
remained unglaciated during the Late Devensian, or at best 
had a thin cover of ice.

It also appears that a further ice lobe, originating 
in the Lake District and Yorkshire (Jowett 1914) lay to the 
north around Rising Bridge, as the shape and particle size 
distribution across the Haslingden fan/delta (i.e. fan or delta) 
was deposited from a major inflow towards the lake from 
this direction. Jowett (1914) describes hummocky morainic 

deposits at the head of Limy Water and Whitewell Brook, 
which he associates with this lobe. 

The maximum height of the lake surface during 
advance and retreat is also unclear. An ice front <200m 
high lying approximately 1km beyond Bent Gate would 
have been sufficient to create a lake with a surface at 290-
300m OD and an overflow at Trough Gate and possibly at 
Clow Bridge at the northern end of Limy Water (Fig.8A), as 
suggested by Crofts (2005). However, no additional evidence 
has been found so far to support this suggestion. Terraces at 
lower levels, particularly around 250m OD (Fig. 8B), point 
to prolonged existence of a lake at this level, although it is 
unclear whether these formed during ice advance, recession 
or both. However, during this phase it appears that the ice 
margin was south of Haslingden, as the highest and widest 
terrace in the Haslingden sands and gravels is at this height. 
Certainly this terrace suggests that these sands and gravels 
were deposited within the lake, rather than as a subaerial fan 
or fan-delta. Other, lower, terraces in the Haslingden area 
may be depositional and mark the tops of successive delta 
foreset cosets, each coset reflecting a rise in water level, or 
alternatively represent new deltas deposited as lake levels 
lowered; similar sequences of vertically stacked deltas have 
been observed to form in a few years in modern systems 
(e.g. Johnson 1997). Alternatively the terraces may represent 
erosional surfaces cut into the fan as water levels dropped. 
The surface at 200m OD around Helmshore – Bent Gate 
(Fig. 8C) is most likely an erosional surface formed by wave 
action during ice recession.

The High Peak Lake
Morphology
The large water body that was impounded in the High 
Peak area was dammed by an ice sheet to the west and 
north. The area of high ground which contained this lake 
can be seen in Fig. 1, within the lower highlighted box, 
surrounding the towns of Whaley Bridge and Chapel-en-
le-Frith (WB and CF on Fig. 1). Also visible in Fig. 1 is the 
overflow route at maximum water depth, as interpreted 
by Jowett and Charlesworth (1929), immediately to the 
south east of Chapel-en-le-Frith. This area is illustrated in 
Fig. 9, using the 305m (1000 foot) contour to demarcate the 
approximate southern and eastern boundaries of the water 
body, and showing the overflow route. This route, through 
Barmoor Clough and Dove Holes is in places occupied by 
the former High Peak tramway, besides the A6 and railway 
lines linking Manchester and Buxton. This drainage route 
diverted water that would otherwise have drained via the 
Goyt into the Mersey, into the Trent via the river Wye. Figure 

Figure 9: Location map for High Peak area showing possible 
deltas and shorelines, position of the ice limits postulated by 
Jowett and Charlesworth (1929), 305m contour and position of 
places mentioned in the text. Red lines show position of borehole 
transects shown in Figure 10. 
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10 shows a digital elevation model of the topography around 
the High Peak area, simulating flooding to four different 
altitudes shown in the top left of each panel, to illustrate the 
approximate size and shape of this water body at different 
stages of its evolution. The location of topographic features 
in this Figure is helped by the distinctive east-west elongate 
shape of Eccles Pike, which lies between Whaley Bridge and 
Chapel-en-le-Frith (Fig. 1) and forms an island in the centre 
of each panel at simulated water depths of 325, 300 and 250m, 
and a peninsula at 230m. Note that Fig. 10 does not show the 
ice sheet which must have been present in the NW quadrant 
of this area; the ice is of course required to impound the 
water, and its boundary certainly shifted during the life of 
the lake. The suggested ice margin at two stages proposed 
by Jowett and Charlesworth (1929) are shown in Fig. 9. 
Note also that in the graphic simulations of Fig. 10, which 
are intended purely for illustrative purposes, no tilting or 
deformation of the land surface has been included, as we 
have no information concerning this at present.

A water depth of approximately 325m is considered 
to be the maximum that could be achieved within this 
area owing to the outlet, clearly visible in Figs. 9 and 10, 
through Barmoor Clough, Dove Holes and Great Rocks Dale 
(numbered “1” in Fig. 9). Note that while these latter features 
and the upper Wye valley to their south are illustrated in 
blue in Fig. 10, there is no suggestion that these areas were 
flooded. Details of the modification of this drainage route 
during periods of overflow are not known, but at the highest 
point immediately north of Dove Holes only a modest gorge 
is cut into the Carboniferous limestone bedrock, suggesting 
rather little erosion took place. Anthropogenic modification 
of the landscape by construction of infrastructure and 
quarrying since early industrial times restricts any detailed 
study of this process. It seems unlikely that the altitude of 
this saddle has been modified by more than around 10 to 
20m during the last glacial cycle and possibly since well 
before this. 

It is interesting to note that two other cols which 
might represent former outlets or inlets from or to this basin 
are at similar altitudes. One is located between Chapel-en-
le-Frith and Hayfield at “Peep-O-Day” farm, to the NNE of 
Eccles Pike, at a height of 330m, and perhaps represented an 
overflow from water impounded to the north in a separate 
water body in the Hayfield area during a period of max-
imum water depth (numbered “2” in Fig. 9). At about the 
same altitude, but slightly higher (c. 340m), is a pronounced 
nick in the ridge which forms the western margin of the 
lake, close to Charles Head. This small “v”, to the west of 
Kettleshulme is used by the Macclesfield to Whaley Bridge 

road, close to its junction with a minor road which runs 
west to Pott Shrigley. The morphology at this location is 
suggestive of an erosional notch created by drainage of an 
impounded water body, but no direct evidence for this has 
been located, and which way the water might have been 
draining is not obvious; it is numbered “3” in Fig. 9. 

At 325m water depth, Black Hill to the WNW of 
Whaley Bridge forms a distinctive triangular island. 
However, at Cock Knoll, a saddle at 300m separates this 
hill from the hills above Lyme Hall to its south west (“4” 
in Fig. 9). A spread of sand, which probably formed as a 
small indistinct deltaic deposit lies to the south of this col, 
and has been mapped by the BGS (Stevenson and Gaunt, 
1971). The presence of this deposit, and indistinct north-
south streamlining of this col suggests water flow into the 
basin via this route. However, at a water depth of 300m, 
the basin is surrounded by solid rock above this altitude 
except for the main Goyt Valley drainage to the north west. 

Figure 10: DEM of High Peak area showing area likely to be 
flooded for four lake levels. Note that position of the ice margin is 
not shown and any post-glacial land surface tilt or deformation 
has not been taken into account. A; 325m. B; 300m. C; 250m. 
D; 230m. 
DEM produced using Ordnance Survey Landform Profile DTM 
at 1:10,000 scale, supplied by Ordnance Survey/Edina (© Crown 
copyright/database 2009). 
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It would require very particular circumstances for water 
to be flowing south or south eastwards at Cock Knoll, but 
be draining north and north west through the still present 
ice body only a few miles to the east. Possibly this might 
be achieved by invoking significant seasonal or periodic 
changes of the dominant drainage direction. The location 
of this sand deposit is puzzling, and requires further 
investigation to clarify the pattern and timing of the events 
which created it. 

Several large flat-topped sand and gravel bodies 
were identified within the area of the lake by Jowett and 
Charlesworth (1929) as glaciolacustrine deltas, and are 
included in BGS mapping (Stevenson and Gaunt, 1971). 
Three of these have surfaces which can be used to define 
maximum water depths at the times of their formation 
and are indicated in Fig. 9. They are located at 250m (the 
“Toddbrook moraine” of Jowett and Charlesworth (1929) 
at Pennant Nob, 1km west of Whaley Bridge), 230m (at 
Fernilee, 1.5 km south of Whaley Bridge) and 205m at 
Buxworth, 1km to the north west of Whaley Bridge. The 
250m delta was formerly quarried for sand and gravel 

Figure 11: A (above). Borehole stratigraphies along Transect A 
(Chapel Milton – Chapel en le Frith). 
B (right). Borehole stratigraphies along Transect B (Buxworth). 
Position of transects is shown in Figure 9. 

within its northern part, and the BGS memoir (Stevenson 
and Gaunt, 1971) shows a photograph of these deposits. 
The sediment body is cut by a narrow steep-sided gorge 
formed by Todd Brook, a major westside tributary of the 
Goyt, though no exposures are present. The southern side 
of this gorge is formed within clays and/or silts, suggesting 
that the sediment body that blocks the valley is not simply 
a delta deposit formed of sand and gravel. 



North West Geography,  Volume 10, 2010 1�

The sand body at Fernilee has a surface at about 230m, 
and is located on the east side of the upper Goyt Valley. 
There is no natural exposure of these deposits, though there 
is good potential for accessing these sediments in the future 
via coring. A smaller sand body located at Cockyard, around 
2 km west of Chapel-en-le-Frith, which does not have a 
clear deltaic morphology is also at around the same altitude, 
and may represent the partially eroded remnants of a delta 
formed during a period of similar lake level.

Located on both sides of the Black Brook at Buxworth, 
recently cut by the upgraded A6 constructed in the 1980s on 
its southern extent, and by the Sheffield-Manchester railway 
line on its northern side, a significant surface at around 205m 
represents a large delta (see below). Stevenson and Gaunt 
(1971) record observations made from a section within the 
railway cutting (now vegetated), and note glacial sediments 
(till) lying above gravel and sand; examination of the upper 
surface of this feature, specifically its poor drainage after 
rainfall, suggests an extensive cap of impervious sediment, 
presumably clays and/or silts, which could be either glacial 
or lacustrine in origin. The yellow sands are clearly visible, 
though inaccessible, from the railway line, where brought 
to the surface in modern animal burrows. Further sand 
bodies are mapped within the area, but do not form very 
clear delta surfaces, as at Cockyard. It is likely that these 
were deposited as small deltas or fans, but may have been 
modified by postglacial or paraglacial slope processes.

A very well-known feature, the Roosdyche, is 
located immediately to the east of Whaley Bridge, on the 
western flank of Eccles Pike (Fig. 9). Originally mistaken 
as a prehistoric or roman racecourse or fortification (this is 
the reason the name appears in gothic script on Ordnance 
Survey maps), this north-south trending elongate, flat-
bottomed valley was interpreted as a sub-glacial meltwater 
channel by Johnson (1963), who pointed out the diagnostic 
humped longitudinal profile, and the presence of additional 
parallel features. Stevenson and Gaunt (1971) attribute the 
delta at Buxworth to water emanating northwards from this 
channel. As a subglacial feature, no direct inference can be 
drawn about the contemporaneous water depth. 

Perhaps puzzling, given the apparently indisputable 
sedimentary and morphological evidence for an impounded 
water body from the deltas and also the record of 
laminated clays from Long Lane, Chapel-en-le-Frith (see 
Fig. 9), interpreted and mapped as glacial lake deposits by 
Stevenson and Gaunt (1971) is the absence of clear erosional 
notches or shorelines formed at former lake levels around 
this basin in the High Peak. Weak indications of possible 
erosional shoreline features have been observed on the 

Figure 12: DEM of Manchester Embayment showing area likely 
to be flooded for three lake levels. Position of ice margins is not 
shown and post-glacial surface tilt of deformation has not been 
taken into account. A; 300m. B; 250m. C; 200m. Bu = Bury, 
Man = Manchester, CF = Chapel-en-le-Frith. 
DEM produced using Ordnance Survey Landform Profile DTM 
at 1:10,000 scale, supplied by Ordnance Survey/Edina (© Crown 
copyright/database 2009). 
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east side of Chinley Churn immediately south of “Peep-
O-Day” farm, and to the south of the Kinder Reservoir, on 
the east side of Mount Famine above the upper River Sett 
(Fig. 9). Stevenson and Gaunt (1971) record the presence 
of sand which they interpret as possible shoreline deposits 
in the Rowarth area at c. 248m, 242m, 236m and 218m, c. 
8km to the north of Whaley Bridge, presumably dating 
from a late stage of glacial retreat when the ice front had 
receded from that required to impound water at greater 
depths. In several places, roads or tracks appear to follow 
contours within slight notches, with little sign of recent 
anthropogenic modification of the topography, but as the 
area contains extensive evidence of prehistoric occupation 
from the Neolithic, it is not possible to conclude whether 
these features were caused by natural processes. 

In comparison, shorelines created by large water 
bodies impounded in Glen Roy, Glen Gloy and Glen Spean 
in the Scottish Highlands near Fort William, forming the 
famous Parallel Roads of Glen Roy, are incredibly clear. It is 
worth considering possible reasons for this contrast. These 
include differences in timing or duration of construction, 
post-construction modification by slope processes and 
anthropogenic modification. While the Parallel Roads of 
Glen Roy were formed (or at least re-trimmed) during the 
Loch Lomond stadial which represents the final cold pulse 
of the last glacial cycle, in the present region of study the 
events documented here must relate to an earlier period, 
probably between the global Last Glacial Maximum (LGM) 
at around 20,000 years ago (though the maximum may 
have been reached earlier by the Irish Sea ice body), but 
before the re-advance associated with Heinrich Event 1 
at around 16,500 to 17,000 years ago. In this case, several 
thousand years of periglacial environmental conditions 
were experienced after the last impounded water bodies 
drained, during which time slope processes modified the 
morphological signatures left by lake shorelines. If changes 
in the ice sheet configuration occurred rapidly, water bodies 
may have been impounded only briefly.

Sediments
Borehole records in the High Peak area are concentrated 
along the A6 routeway, which runs along the Valley of 
the Black Brook, a tributary of the Goyt (Fig. 9). Borehole 
records from Buxworth eastwards have been considered and 
a selection is presented in Fig. 10a and b. The sedimentary 
sequence can be divided into two associations. 

1. Laminated silt and clay with diamicton cap association
From Bridgeholm Green eastwards a unit of laminated silt 
and clay is recorded directly overlying bedrock or weathered 
bedrock in bedrock-controlled topographic lows (Fig. 11A). 
This unit is up to 8m thick at its maximum, but thins rapidly 
up valley sides or towards bedrock ridges along the valley. It 
is interpreted as a glaciolacustrine deposit. On steeper slopes 
it interdigitates with laminated diamictons and diamictons 
which are interpreted as reworked glaciolacustrine and 
other glacigenic sediments. The glaciolacustrine unit is 
overlain by a diamicton in all boreholes, which is often 
laminated at the base, and which also tends to thin towards 
bedrock highs. At borehole 101 near Chapel Milton (5m 
from BH102 on Fig. 11A) slickensides are recorded in the 
diamicton. A new, hand-augered borehole put down close 
to Chapel Milton, revealed a 2m thick cap of clay-rich 
diamicton overlying rhythmically laminated silt and clay 
interbedded with thin (20cm thick) diamicton units. The 
laminated sediments appear to confirm the presence of 
deposition into a seasonally ice-covered standing water 
body at this location.

2. Sand, silt and clay with diamicton association
Laminated silt and clay overlain by pebbly, sorted sands 
are recorded at the western end of the Black Brook, around 
Buxworth (Fig. 11B). Sediments are overlain by diamicton 
to the west, close to the meeting of the Black Brook and 
the Goyt (Fig. 9), but this cap appears to thin eastward and 
disappears in the area immediately south of Buxworth. 
These sediments were interpreted as deltaic deposits by 
Jowett and Charlesworth (1929) and mapped by Stevenson 
and Gaunt (1971), who also studied an exposure in the 
Manchester-Sheffield railway line, discussed above. Further 
west the sands disappear and the laminated silt and clay 
with diamicton cap association reappears.  

The coarsening up sequence in sorted sediments is 
typical of progradation of a subaqueous fan or delta into 
standing water. The likeliest explanation is that the flat-
topped feature is an ice-contact delta, formed against an 
ice margin to the west blocking the Black Brook Valley. The 
sequence of sediments within the valley suggests that an 
ice-advance lake formed in the Black Brook area prior the 
glacial maximum, but was overridden by ice. No evidence 
for an ice recession lake is observed, probably due to rapid 
ice recession coupled with aeolian and fluvial reworking of 
dried lacustrine material.
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Discussion and Conclusions
While our research to date has uncovered extensive evidence 
for the existence of ice-contact lakes in the Upper Irwell 
Valley and the High Peak, it also highlights problems with 
interpretation of the existing evidence. The morphological 
evidence available has been used to interpret possible lake 
levels, and as a consequence, lake extent in association with 
each level. However, these interpretations are of limited 
value, as the age of possible inflows, outflows, shorelines and 
deltas are unknown. The assumption that these features are 
Late Devensian in age is not a safe one; meltwater channels 
in particular may date from previous glaciations and may not 
have been reoccupied during the Late Devensian. Shoreline 
evidence in both lakes is of limited value. While at least one 
clear shoreline is identifiable in several places along the 
upper Irwell, possible shoreline evidence for the High Peak 
Lake is fragmentary at best. Reasons for this have already 
been suggested above and are discussed further below. 

The sedimentological evidence is more convincing 
and provides considerable evidence for the development 
of the lakes. At both sites there is evidence that an advance 
lake formed as ice ponded water against the Pennine 
foothills and then later overrode the glaciolacustrine 
sediments. These sediments were not retrieved by new 
cores, but borehole records indicate that the sediments are 
potentially varved and could provide evidence for the rate 
of ice advance. While we have not yet obtained dates from 
these sites, the stratigraphic position of the glaciolacustrine 
sediments indicates that they are likely to date from the 
Glacial Maximum, which is dated at around 22,000 BP in the 
adjacent Cheshire Lowlands (Rendell et al., 1991).

The sedimentary successions at the two sites indicate 
that the evolution of these lakes, once formed, differed 
and we consider this to be a consequence both of their 
position relative to the ice margin and the topography of the 
embayments in which they formed. The proglacial position 
of the High Peak Lake at the maximum limit of ice meant 
that it was among the first lakes to drain once ice recession 
started, explaining the absence of well-developed shoreline 
evidence. Evidence from other sources indicates that the 
recession after the Glacial Maximum was initially rapid 
(Scourse et al. 2009); in the High Peak the ice front would 
have receded downhill, causing lake levels to drop rapidly 
and exposing any lacustrine sediment deposited after glacial 
advance in the High Peak basin. We consider that rapid 
deflation of any exposed silt and clay would have occurred 
in the periglacial conditions surrounding the ice sheet, 
removing most or all of the evidence for a recession lake. In 
contrast, we consider that the lateral position of ice-contact 

Lake Rawtenstall, the position of the lake within a narrow 
bedrock gorge, and the occurrence of extensive ice-contact 
morainic deposits in the Ewood Bridge area combined to 
prolong the existence of a lake in the upper Irwell, initially 
as an ice-contact lake with two ice-contact margins, but 
later possibly as a moraine-dammed lake. A considerable 
period of the latter part of the last glaciation may therefore 
be represented in these sediments.

New boreholes put down as part of this research 
indicate that varved sediments were formed in both ice-
contact lakes, confirming that water depths were sufficient 
to allow seasonal ice cover to develop over unfrozen water. 
The presence of varved successions is of major significance, 
as they indicate the possibility of forming high resolution 
chronologies for each lake. The presence of varved sediments 
up to 20m thick in Lake Rawtenstall would could potentially 
provide insight into ice dynamics, and meltwater production 
during recession of the British-Irish ice sheet (B.I.I.S.). Such 
a high-resolution record of B.I.I.S. deglaciation dynamics 
would be unprecedented; if this chronology could be linked 
to marine and ice core records for the same period, the 
potential exists to elucidate the linkages between changes in 
atmospheric and marine circulation and ice sheet behaviour 
in unprecedented detail. Consequently, our priority for 
future research in this area is the retrieval of a full sequence 
of glaciolacustrine sediments to construct a chronology and 
the attainment of an absolute date for the chronology.

Analysis of borehole records by Crofts and others 
(2005) has shown that several lateral ice-contact lakes existed 
around the Rossendale Plateau. A digital elevation model 
of the Manchester Plain and surrounding areas (shown in 
Figure 12) indicates that ice-contact lakes are likely to have 
been ponded in embayments around Manchester and to the 
north of the Rossendale Plateau at Glacial Maximum. The 
potential exists to construct an integrated chronology for the 
region which would allow accurate dating of ice recession 
and associated dynamics in the Northwest. While many of 
these lakes are proglacial and likely to have been short-lived, 
some possible lateral ice-contact lake sites can be recognised 
and these may contain much longer glaciolacustrine 
sequences with their associated potential for construction 
of long, high-resolution chronologies.
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