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Shropshire Geological Society, 15, 20–27. Shropshire contains a rich landform and sediment record related to 
former glacial activity, yet relatively little palaeoglaciological research has been undertaken in the county. This 
paper argues that further research is required to resolve key questions about: (1) the extent and dynamics of 
Devensian ice masses in the West Midlands, and (2) the origins and ages of specific landforms and sediments. 
This review is written from a modern glaciological perspective and highlights areas where existing ideas about the 
nature of glaciation in Shropshire and the origins of Shropshire’s glacial landforms and sediments requires revision 
in light of advances in our understanding of modern glacial processes. A number of avenues for future 
palaeoglaciological work in the county are proposed. 
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INTRODUCTION 
From a palaeoglaciological perspective, 
Shropshire is arguably as interesting and worthy 
of study as any other glaciated part of the UK. For 
example, the county would have seen the 
maximum extent of the late Devensian (~28 to 18 
ka BP) British-Irish Ice Sheet in the West 
Midlands (Chiverrell & Thomas, 2010); it hosts 
arguably the UK’s best example of deglacial and 
ice sheet stagnation terrain (e.g. between 
Ellesmere and Shrewsbury); and it experienced 
the coupling and uncoupling of two great 
independent ice masses: the Welsh Ice Cap and 
the Irish Sea Glacier (Thomas, 1989). 

Nonetheless, there remains a dearth of 
information about the precise extent, dynamics 
and glaciological characteristics of former ice 
masses in the region. This review re-examines 
existing work on the palaeoglaciology of 
Shropshire from a modern process glaciological 
perspective. In doing so, a number of issues are 
raised about existing theories for the age and 
origins of landforms and sediments in the county, 
and a number of suggestions are made as to how 
these issues might be resolved. 

RECONSTRUCTIONS OF ICE MASS 
EXTENT 

The maximum extents of former ice masses in the 
UK are the subject of regular update and revision. 
Here focus is given to Devensian glaciation in 

Shropshire and the contested age and extent of 
glaciation within the county. Bowen et al. (1986) 
in their review of the last British-Irish Ice Sheet 
through the Late Devensian drew an ice limit 
encompassing much of Shropshire, extending 
from Hereford through Craven Arms and Church 
Stretton, and across to Wolverhampton. Thus 
Shropshire would have been host to a land-
terminating ice sheet margin during the Last 
Glacial Maximum (LGM, somewhere between 28 
and 18 ka BP). 

However, Bowen et al. (2002) revised the 
situation for the West Midlands by suggesting that 
the so-called ‘Wolverhampton Line” instead 
belonged to an older Devensian Glaciation, with 
the Late Devensian ice margin re-drawn to the 
north, terminating around Whitchurch. This 
revision was made on the grounds that the glacial 
geomorphology south of the Whitchurch Moraine 
is more subdued than that to the north of this 
moraine, and that dating work by Boulton and 
Worsley (1965) substantiated such an age 
difference. 

In the most recent review of the LGM within 
the UK, Chiverrell and Thomas (2010) suggested 
that there remained sufficient evidence to suggest 
that the Wolverhampton Line belonged to the 
Late Devensian glaciation. For example, recent 
mapping work by the same authors does not 
substantiate a morphological distinction north and 
south of the Whitchurch Moraine, and dating at 
two locations south of the Whitchurch Moraine 
(Four Ashes and Condover) shows the origins of 
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glacigenic sediments to be consistent with a Late 
Devensian age. 

It is thus clear that further work is needed to 
map and date the limits of former ice masses in 
Shropshire and resolve these sorts of debates. This 
work is important given recent efforts to use 
computer modelling to reconstruct the extent and 
dynamics of the former British-Irish Ice Sheet 
(Hubbard et al., 2009). Such computer models are 
tuned to geomorphological evidence, but this 
evidence is in need of revision and updating in the 
West Midlands. 

LESSONS FROM MODERN 
GLACIOLOGY 

Much of the research on reconstructing the extent 
of former ice masses in Shropshire and on 
elucidating the origins and ages of its glacial 
landforms and sediments was undertaken several 
decades or more ago (e.g. Greig et al., 1968; 
Wright, 1968; Rowlands & Shotton, 1971; Shaw, 
1971, 1972). Since this time our understanding of 
glaciological processes and glacial geology has 
grown enormously. It seems reasonable to 
suggest, therefore, that it is worth revisiting, 
testing and revising existing ideas about the 
origins, ages and significance of Shropshire’s 
glacial landforms and sediments. 

The following sections highlight some 
examples where modern glaciological knowledge 
needs to be applied. That is not to say necessarily 
that existing theories are incorrect – in some cases 
this simply means that the glaciological 
significance of Shropshire’s glacial geology has 
not yet been fully explored. 

Till origin in Shropshire 

Shaw (1972) identified two tills in north 
Shropshire (from Lea Brockhurst in the north to 
Dorrington in the south, and from Ruyton in the 
west to Buildwas in the east). He identified a 
basal till which he attributed to the melt-out of 
debris-rich basal glacier ice, and an upper till 
which he suggested was formed by the 
entrainment and subsequent melt-out of debris 
along shear planes extending from the glacier 
base to the glacier surface. There is evidence from 
modern glacial environments to suggest that both 
in situ melt out of basal ice and shearing 
(englacial thrusting) can both contribute to till 

formation, but the importance of both processes in 
this regard has been strongly debated. 

The basal till examined by Shaw (1972) is up 
to 10 m thick, and extends laterally for up to 400 
m. Figure 1 shows an exposure of the basal till at 
Coalpits Brook which displays subglacially-
worked (sub-angular to sub-rounded, faceted) 
locally-derived sandstone clasts. Melt-out till 
forms where debris-rich basal glacier ice (Figures 
2a and 2) melts in situ. Typically this requires 
there to be a surrounding layer of insulating 
sediment to allow gradual melt out of the basal 
ice, and for there to be a level surface for basal ice 
to melt out so that the sediment is not subject to 
sediment-gravity flow (i.e. to create a flow till). 
 

 
Figure 1: Basal till exposure at Coalpits Brook. Section is 
approximately 2 m in height. [Photograph by S.J. Cook] 
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(a)

 
(b) 

 
Figure 2: (a) Debris-rich basal ice exposed at the margin of 
Svínafellsjökull, southeast Iceland; (b) Melt-out till exposed 
at Svínafellsjökull. Melt-out till forms where debris-rich 
basal ice melts in situ, preserving features such as layering. 
[Photographs by S.J. Cook] 
 
Shaw’s (1972) original interpretation of the till as 
the product of melt out has potentially important 
implications. For example, studies of basal ice at 
modern glaciers allow us to reconstruct the 
processes operating in the deep interior of 
glaciers. Many of these processes play important 
roles in glacier motion and glacial erosion. Since 
melt-out till is essentially the preserved basal ice 
layer it may thus be important for identifying 
subglacial processes operating beneath former ice 
masses. 

Cook et al. (2011), for example, were able to 
identify the sedimentary signatures of regelation 
(the process of pressure melting by which glaciers 
negotiate bedrock obstacles, i.e. sliding) and 
glaciohydraulic supercooling (a process of 
freezing of water and sediment to the glacier base) 
from ice-marginal sediments at Svínafellsjökull, 
Iceland, which were derived from basal ice melt 
out. However, the interpretation of Shaw’s (1972) 

basal till as the product of melt out is 
controversial because the conditions for melt-out 
till to form (i.e. passive melt out in situ without 
disturbance) are not found to be common at 
modern ice margins (e.g. Paul & Eyles, 1990; 
Hart, 1998). Likewise, Boulton (1996) suggested 
that to produce a till layer on the order of 10 m 
thickness would require up to 100 m of basal ice 
of average debris content. Such basal ice 
thicknesses are far greater than those observed in 
modern ice masses. Indeed, studies of modern 
glacier margins where conditions do permit melt-
out till production typically find that these tills 
only account for ~5% of the ice-marginal 
glacigenic sediment (Lawson, 1979; Cook et al., 
2011). In light of modern glaciological 
knowledge, it is perhaps worth reinvestigating the 
melt-out hypothesis given the large thickness and 
wide extent of basal till in Shropshire. 

The interpretation of the upper till as a product 
of englacial thrusting is also both controversial 
and potentially significant to palaeoglaciologists. 
Englacial thrusting (shearing) of basal sediment 
along shear planes toward the glacier surface is 
one of the oldest theories for basal debris 
entrainment into glaciers (e.g. Chamberlin, 1895). 
Shaw (1972) envisaged that these debris planes 
melted onto the glacier surface and ultimately 
were deposited as the upper till during ice 
recession. An example of the melt-out of a thrust 
plane is shown in Figure 3. 

Weertman (1961) criticised this model, 
suggesting that it could not account for the varied 
appearance or the millimetre-scale spacing of 
debris bands observed in glaciers, nor was there 
sufficient evidence that ‘scraping’ of debris along 
shear planes from a subglacial position could 
actually occur. Subsequent studies have indicated, 
however, that shearing and thrusting can be 
important agents of sediment entrainment, 
especially where there is intense longitudinal 
compression at the margin to allow differential 
movement between ice either side of a thrust 
plane. The requisite conditions for thrusting may 
occur in polythermal glaciers (e.g. Hambrey et al., 
1999) where warm-based ice from the interior 
flows against cold-based ice at the margin where 
the glacier is frozen to its bed, or during glacier 
surges (e.g. Hambrey et al., 1996). Nonetheless, 
debate continues as to the efficacy of englacial 
thrusting in sediment transfer with recent 
numerical modelling studies suggesting that, for 
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example, flow compression across warm-cold 
basal thermal transitions is not sufficient to cause 
faulting in ice (Moore et al., 2010). 
 

 
Figure 3: Ridge of basal sediment melting out from an 
englacial thrust plane at Svínafellsjökull, southeast Iceland. 
Glacier flow is from left to right. [Photograph by D.A. Swift] 
 
As with the interpretation of the basal till, Shaw 
(1972) has advanced a valid hypothesis for the 
origin of the upper till in Shropshire. However, 
clearly it would be worth reinvestigating the 
origin of the upper till in light of debate about the 
importance of the process at modern glaciers. Just 
as importantly, the implications of till origin by 
thrusting have not been fully explored in 
Shropshire. If it were demonstrated that englacial 
thrusting had occurred at the ice sheet margin in 
Shropshire this would indicate significant flow 
compression perhaps, for example, because of 
relatively warm ice from the ice sheet interior 
flowing against relatively cold ice at the ice sheet 
margin which was frozen to the substrate. In turn 
this provides important evidence about the nature 
of thermal conditions beneath the former ice 
margin. 

Thermal regime is a first order control on ice 
dynamics controlling not only whether a glacier is 
frozen to its bed or not, but also whether water 
can flow at the glacier base. For example, recent 
outlet glacier speed-ups in Greenland can be 
attributed in part to enhanced rates of meltwater 
flow at the glacier base (Zwally et al., 2002). 
These kinds of controls and processes have not 
been explored for the former ice sheet margin in 
Shropshire. 

Contested ages and origins of landforms 

There are a number of examples from Shropshire 
where the precise origins and/or ages of glacial 

landforms and sediments have been contested. 
Perhaps one of the more unusual examples is the 
interpretation of the sedimentary sequence at 
Mousecroft Lane, Shrewsbury, first by Shaw 
(1971), and then subsequently by Shaw (1977). In 
the original interpretation, Shaw (1971) described 
two features composed of till which resembled 
drumlins in cross-section (parallel to ice flow). 
The drumlin features had a short, steep stoss face 
at their northwest end, and a long, shallow lee 
face at their southeast end. The interpretation as 
subglacial bedforms is consistent with ice motion 
from northwest to southeast. 

In his study of sediment entrainment at cold, 
polar glaciers in Antarctica, Shaw (1977) 
described how such glaciers overrode and 
entrained marginal aprons of sediment. In cross-
section (parallel to ice flow) these aprons had a 
similar morphology to a cross section through a 
drumlin, except here the longer stoss face pointed 
up-glacier, and the short lee face pointed down-
glacier. Shaw (1977) made a statement that the 
features at Mousecroft Lane were an example of 
such apron features, representing entrainment at a 
polar cold-based glacier margin. He suggested 
that his earlier study (Shaw, 1971) had therefore 
misinterpreted the origin of the features, and also 
the ice flow direction. 

Two key points come from this re-
interpretation: (1) The polar apron entrainment 
model requires that ice flowed from the southeast 
toward the northwest, which would be flowing 
against the known direction of ice movement in 
the region; (2) The drumlin model implies 
temperate (relatively warm) ice whereas the apron 
entrainment model implies polar (cold) ice. 

It is reasonable to suggest that ice could not 
have flowed from southeast to northwest in the 
region, but the second point is important because 
it highlights a lack of clarity about the thermal 
regime of the ice sheet margin in Shropshire. 

Elsewhere in Shropshire there are other 
landforms and sediments that require further 
investigation. It is clear from detailed 
geomorphological mapping and sedimentology 
(e.g. Thomas, 1989) and recent dating work 
(Scourse et al., 2009) that the Late Devensian ice 
margin reached as far south as Shrewsbury and 
Condover. Further south from these locations the 
story is less certain. The Church Stretton valley is 
likely to have hosted a valley glacier during this 
time, but its southward extent has proven difficult 
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to ascertain, not least because several of the 
landforms and sediments in the valley are of 
uncertain age and origin. 

Greig et al. (1968) suggested that gravel 
terraces on the western flank of Ragleth Hill 
(Coles Wood) and on the north west side of 
Hazler Hill owed their origin to deposition in an 
ice-marginal lake which overflowed and spilled 
through the Sandford Seat carving a meltwater 
channel south east through Hope Bowdler and 
Ticklerton. 

Rowlands and Shotton (1971) listed several 
arguments against this model. They argued that if 
these gravels had been deposited in an ice-
marginal lake at an elevation of between ~230 to 
250 m, then the glacier must have overridden 
nearby features at lower elevation, such as Allen’s 
Coppice (west side of the valley at ~243 m 
elevation) and Brockhurst (in the valley bottom at 
~216 m elevation). These features, however, 
show no signs of modification by ice. 

Rowlands and Shotton argue also that the end 
moraine plastered on the southern end of 
Brockhurst contains sediments of different 
provenance to those of the gravel terraces on 
Ragleth Hill and Hazler Hill, so it is difficult to 
ascribe their origins to the same glacier of the 
same age. 

Instead, Rowlands and Shotton suggested 
these terraces, and hence the meltwater channel at 
Sandford Seat, owed their origin to an older 
glaciation and that the Late Devensian glacier 
could not have penetrated further than Little 
Stretton. This contrasts with interpretations by 
Greig et al. (1968) and Wright (1968) who 
suggested that the glacier reached as far as 
Marshbrook. 

There remain some unresolved issues about 
the extent of Late Devensian glaciation in the 
Church Stretton valley. For example, Rowlands 
and Shotton’s (1971) argument that Brockhurst 
and Allen’s Coppice showed no signs of glacier 
activity leads us to consider whether absence of 
evidence equates to evidence of absence. 

For example, different rock types are known to 
have varying potential to become striated as 
glaciers move across them, so the fact that 
Brockhurst shows no signs of glacial action does 
not necessarily preclude it having been overridden 
by ice. Likewise, the absence of till limits above 
~200 m through Church Stretton does not 
necessarily mean that till had not been plastered 

on the west side of the valley to higher elevations 
in the past. Periglacial and paraglacial processes 
(e.g. solifluction and debris flows) are very likely 
to have altered the distribution of tills in the area 
after the glacier had retreated. 

AVENUES FOR FUTURE RESEARCH 
This review has highlighted some selected case 
studies of palaeoglaciological uncertainty in the 
area south from Shrewsbury towards Church 
Stretton. Other areas require attention and other 
landforms and sediments could equally have been 
discussed here in relation to their uncertain age or 
origin. Nonetheless, what is clear is that our 
understanding of the palaeoglaciology of 
Shropshire is incomplete, and in some instances is 
contradictory and/or out-dated. This section 
focuses on some potential avenues for future 
research to address some of these shortcomings. 

Maps form the fundamental context from 
which geologists and geomorphologists work. For 
a palaeoglaciologist, a geomorphological map of 
the glacial (and non-glacial) landforms of an area 
provides the regional story of glaciation to inform 
additional detailed field investigation 
(sedimentology, geophysics, dating, etc.). 

Attempts have been made to map the 
geomorphology of some parts of Shropshire (e.g. 
Thomas, 1989; Pannett, 2008; Hughes, 2008). 
However, many areas have not been mapped or 
have not been mapped in sufficient detail. Taking 
the example of the Church Stretton valley, there 
are a number of features that have not been 
mapped, yet are clearly visible in the landscape 
(Figure 4). For example, hummocky topography 
around Little Stretton (Figure 4a) has, to the best 
of the author’s knowledge, not been mapped as 
yet. Features such as this are important to 
palaeoglaciologists. The presence of hummocky 
topography in a deglaciated landscape could 
indicate ice wastage, or indeed the melt-out of 
englacial thrusts at the cold margin of a 
polythermal glacier (e.g. Hambrey et al., 1999). 

The latter interpretation would have important 
implications for understanding former glacier 
thermal regime - an important control on ice 
dynamics. Similarly, other landforms (including 
possible recessional moraines and meltwater 
channel terraces) have yet to be mapped and may 
provide further clues about the nature, age and 
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extent of glaciation in the region (Figures 4b and 
4c). 
 
(a) 

 
(b) 

 
(c) 

 
Figure 4: Geomorphological features of the Church Stretton 
valley. (a) Hummocky topography (possibly hummocky 
moraine) on the western valley side close to Little Stretton; 
(b) Bench or terrace (possibly a recessional or dump 
moraine) near to Little Stretton (photograph taken facing 
southwards down valley); (c) Possible meltwater channel 
terraces near Hope Bowdler. [Photographs by S.J. Cook] 
 
It is also worth noting that mapping will probably 
require some combination of computer-based 

analysis (e.g. NEXTMap) and field mapping. 
Computer-based mapping allows wide areal 
coverage and examination of sites with limited 
access, but is sometimes of insufficient resolution 
to map small-scale features on the order of <3 m 
in height. Thus field mapping is likely also to be 
required. 

Sedimentological investigations are also 
crucial in elucidating the origins of landforms in 
the area. One problem here is the limited exposure 
of sedimentary sequences in Shropshire. Quarries 
and pits can be difficult to access, and many have 
closed or been backfilled since the early 
investigations of the area by, for example, Shaw 
(1971, 1972). Where sedimentary exposures can 
be found (e.g. Coalpits Brook: Figure 1) a 
renewed effort should be made to test previous 
interpretations of sediment origin and examine 
what these sediments tell us given advances in our 
understanding of glacial sedimentary processes 
and products since they were originally 
investigated. 

Given the lack of sedimentary exposure in the 
county, it may be fruitful to apply geophysical 
techniques to investigate the internal architecture 
of landforms. For example, Parkes et al. (2009) 
demonstrated through the combination of 
traditional sedimentological techniques and 
geophysics (electrical resistivity tomography) that 
the Woore Moraine owed its origin to 
glaciotectonic processes. Similar investigations 
could be applied, for example, to moraines in the 
Church Stretton valley to assess their precise 
origins. At the moment these moraines (e.g. at 
Brockhurst and Botvyle) merely tell us that a 
glacier once stood at a particular position, but we 
know very little about whether such moraines 
represent glacier advance, retreat or stillstand, for 
example. 

Suitable sedimentary exposures may be key to 
our ability to reconstruct the extent and dynamics 
of former ice masses in Shropshire. Advances in 
technologies such as OSL (Optically Stimulated 
Luminescence) dating allow the potential to date 
fluvioglacial sediments, although there are 
complications with applying this particular 
technique (e.g. Thrasher et al., 2009). 

CONCLUSIONS 

This review demonstrates that there remains a 
considerable degree of uncertainty with respect to 



 S.J. COOK  
 

 

Proceedings of the Shropshire Geological Society, 15, 20−27 26 © 2010 Shropshire Geological Society
 

the extent, age and dynamics of glaciation in 
Shropshire. Existing interpretations of the origins 
and ages of landforms and sediments in the 
county need reassessment given advances in our 
understanding of glacial sedimentology in recent 
decades. It is suggested that future work should 
focus on the mapping of glacial landforms and 
sediments, with renewed sedimentological and 
geophysical investigation of the internal 
architecture of these features. Dating control is 
also required in order to better understand the 
chronology of glaciation and deglaciation in the 
county. 
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