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What’s in the Welsh Basin?: insights into the evolution of Central Wales and the 
Welsh Borderlands during the Lower Palaeozoic 
 

David Schofield1 
 

 
SCHOFIELD, D.I. (2009). What’s in the Welsh Basin?: insights into the evolution of Central Wales and the 
Welsh Borderlands during the Lower Palaeozoic. Proceedings of the Shropshire Geological Society, 14, 1–17. 
The British Geological Survey (BGS) has a long history of geological study in the Welsh Basin starting in the mid 
19th century under the directorship of Sir Henry Thomas de la Beche, founder of the Geological Survey of Great 
Britain, and subsequently under Sir Roderick Impey Murchison who had earlier undertaken pioneering 
stratigraphic studies in the area, at the same time as the Reverend Professor Adam Sedgwick. 

During the first half of the 20th century, geological studies in the region were led by Professor O.T. Jones. By 
1912 he had proposed an overall structure for the region, within which sediments had been transported from an 
uplifted area underlying much of England into the deep water of the Welsh Basin. Together with his colleague and 
lifetime friend, W.J. Pugh, who subsequently became director general of the Geological Survey they identified 
extensive volcanic activity around Builth Wells. 

The current phase of work by the BGS started in the mid 1980’s and has largely been driven by the 
requirement to complete 1:50,000 scale geological map coverage of Wales and the Welsh Borderlands. High 
quality academic studies have been conducted in the area and the results need to be integrated with the Survey’s 
mapping. This new phase commenced with a transect across the central part of the Welsh Basin in the Rhayader 
and Llanilar districts, aiming to establish a workable stratigraphy for the turbidite sequences within the basin 
informed by new concepts on deep marine sedimentology, sequence stratigraphy and the relationship between 
depositional facies, eustacy and tectonics. 
 
1British Geological Survey, Keyworth, Nottinghamshire, UK. E-mail: dis@bgs.ac.uk 

 

BACKGROUND 
It would take a book to describe the geology of 
the Welsh Basin, for which the recently published 
British Regional Geology for Wales serves 
admirably (Howells, 2007). The purpose of this 
paper is rather to focus on new developments, 
which primarily concern the Lower Palaeozoic 
Welsh Basin, illustrated in Figure 1 as much of 
the area underlain by Cambrian, Ordovician and 
Silurian rocks and is based on the presentation 
made by the author to the Society on 13th 
February 2008.  

The Welsh Basin comprises a great thickness 
of Lower Palaeozoic sediment and represents a 
zone of enhanced, punctuated subsidence of the 
continental lithosphere throughout that period of 
geological time. Much of the dynamic change 
within the basin developed in response to plate 
tectonic forces generated by the creation and 
break-up of the Gondwana supercontinent. It was 
on the margins of this supercontinent that much of 
Southern Britain lay, on a microcontinental 
fragment known as Eastern Avalonia (Figure 2). 
Wales and surrounding parts of the British Isles 

lay on a segment of Eastern Avalonia, at the edge 
of the supercontinent. 

 
Figure 1.  Outline Bedrock Geology map of Wales and 
adjoining areas prepared by the British Geological 
Survey. © NERC, all rights reserved. 
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Figure 2.  Stages of crustal migration during the Late 
Neoproterozoic and Early Palaeozoic. © NERC, all 
rights reserved. 
 
The Precambrian (Late Neoproterozoic) rocks of 
Eastern Avalonia formed several crustal blocks 
(‘terranes’) comprising island arc volcanics and 
associated basin sediments. These accreted onto 
the edge of Gondwana and can be seen today in 
apparently isolated outcrops on Anglesey and 
around the basin margins. 

Sporadic tectonic pulses continued through the 
Lower Palaeozoic, which were largely driven by a 
major period of divergent plate tectonics as the 
Iapetus Ocean opened up, followed by 
convergence and eventual collision as the 
Avalonia, Baltica and Laurentia plates came 
together (Figure 2); the zenith of which is termed 
the Caledonian orogeny. The effect of this was to 
invert the Welsh Basin, produce extensive 
folding, low-grade metamorphism and impose the 
overall northeast grain to the landscape defined by 
the trend of folds and associated cleavage. 

Subsequent creation of the Pangaea 
supercontinent, incorporating virtually all the 
world’s continental crust, dominated geological 
development during the Mesozoic, but thermal 
relaxation eventually led to thinning and crustal 
fragmentation. Wales remained an area of 
elevated topography but became bounded by 
graben (e.g. the basins of the East Irish Sea, 
Cheshire and Worcester). 

Thermal activity deep beneath the crust 
developed towards the end of the Mesozoic, 

eventually leading to rifting, subsidence and 
creation of the Atlantic oceanic crust and 
subsequent foundering of the affected continental 
margins, such as the southern Irish Sea (Cope, 
1994). The renewed erosion of the surrounding 
elevated rim, including central Wales, in the early 
Tertiary created the basic landscape seen today, 
modified by a series of Quaternary ice ages and 
their aggressive glacial and periglacial weathering 
regimes (Lewis & Richards, 2005). 

GEOLOGICAL STUDIES 
The study of the geology of the Welsh Basin has 
been as sporadic as the tectonics. Murchison and 
Sedgwick carried out pioneering stratigraphic 
studies in the eastern and northern regions 
respectively (e.g. Sedgwick & Murchison, 1836), 
defining the Silurian and Cambrian Systems but 
famously leading to an almost irreconcilable 
dispute due to the overlap in their stratigraphies, 
only resolved after their deaths by the conception 
of the Ordovician by Charles Lapworth (1879). 
The British Geological Survey (Geological 
Survey of Great Britain as it was then) conducted 
a systematic mapping programme across the 
region in the 1840’s and 1850’s but, by today’s 
standards, only at a reconnaissance level of detail. 

It was almost a century before the area was 
mapped in detail, driven by academic studies 
based initially largely at the Universities of 
Birmingham, Cambridge and the University 
College of Wales at Aberystwyth, the latter under 
the guidance of Professor Owen (“O.T.”) Jones, 
who was succeeded in 1919 by his student, 
colleague and lifetime friend (Sir) William Pugh 
when Jones moved to Manchester University. 
Jones was the first to publish a substantial area of 
mapping (1909), then jointly with Pugh (1916), 
followed by a number of their students, notably 
K.A. Davies (1926), former Director of the 
Uganda Geological Survey. 

Their mapping of the Welsh Basin continued 
for the next three decades; greater detail was 
provided by Bassett (1969) within the benchmark 
volume edited by Alan Wood arising from the 
1967 symposium held at the University College 
of Wales, Aberystwyth, in honour of Jones and 
Pugh (Wood, 1969). This symposium inspired 
further mapping studies (e.g. Kelling, 1968; 
Kelling & Woollands, 1969; Holland et al., 1979) 
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and the first applications of modern 
sedimentological concepts within the basin. 

Specific areas were the subject of detailed 
studies by academics and their research students. 
One important group was based at Manchester 
under Jones’ direction, notably the mapping of the 
Builth Wells area by Stephen Straw, the 
inspirational supervisor of the founder members 
of the Ludlow Research Group (LRG) (Straw, 
1937). The LRG was to subsequently undertake 
important mapping and stratigraphical studies 
across the central Welsh Basin and into the Welsh 
Marches during the second half of the century 
(Rosenbaum, 2008). 

APPLIED GEOLOGY 
Geology has a considerable impact on the lives of 
those who live in the area. Mineral extraction is 
still important to local development; groundwater 
resources are a major concern for both domestic 
consumption and commercial use; the landscape 
attracts tourism and its configuration determines 
the potential for sustainable development of the 
region. It is the responsibility of the BGS to 
maintain and develop the nation’s understanding 
of its geology to improve policymaking, enhance 
national wealth and reduce risk. 

Throughout the 19th century geological 
surveying was driven by national strategic 
priorities such as securing primary resources, 
including coal and metalliferous minerals, and 
understanding aquifers in the light of increasing 
domestic and industrial water demand for the 
growing urban centres. Present day drivers of 
BGS activity include meeting the demand from 
local and regional authority planners and other 
public sector bodies for accurate geological 
information. This is largely to provide knowledge 
of ground conditions in support of regional 
planning, safeguarding mineral resources and 
mitigating natural and anthropogenic hazards 
including pollution, flooding, landsliding and 
environmental change. A long history of 
industrial activity within the Lower Palaeozoic 
Welsh Basin has provided a strong mandate for 
the recent phase of BGS activity and has informed 
the following account. 

 
Figure 3.  General view of the surface mineral workings 
at Cwmystwyth. © NERC, all rights reserved. 

 
The central parts of the Welsh Basin, underlying 
the Cambrian Mountains, are host to extensive 
metalliferous mineralisation known as the Central 
Wales Mining Field. This has seen a long history 
of exploitation: copper was mined at 
Cwmystwyth in the Bronze Age (Bevins, 1994) 
(Figure 3) and gold mining is known from Roman 
times (e.g. Dolaucothi); lead, silver and zinc 
mining reached its peak in the mid 19th century 
but had all but ceased by the 1930’s. From time to 
time it has become economically feasible to re-
work some spoil tips for minerals, or indeed 
necessary to reclaim individual mine sites. 
However, such activities require careful planning 
as disturbing mine waste could expose toxic 
materials or lead to enhanced solubility of 
sulphide minerals exposed to rainwater, resulting 
in possible surface and groundwater 
contamination. 

The distribution of most of these mineral 
deposits is determined by stratigraphy (lithology) 
and structure (folding and cleavage formation in 
relation to topography). However, the 
metaliferous mineral deposits frequently occur 
where there is a relationship between fault 
movement and fluid migration. It is thought that 
these ores, mostly lead and zinc sulphides, were 
deposited in Ordovician and Silurian times as 
metals in ionic form, widely disseminated in the 
host sediments and scavenged by warm 
groundwater during burial. Such mineral-rich 
“hydrothermal” fluids accumulated in fracture 
systems where sudden depressurisation eventually 
led to precipitation in a concentrated form during 
Devonian and Carboniferous times (Davies et al., 
1997). 

An extensive network of dams and reservoirs 
linked by aqueducts for urban water supply 
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developed over one hundred years from the late 
19th century; borrow pits and quarries for 
roadstone have accompanied the development of 
surfaced roads since Georgian times; and demand 
for construction materials (building stones, 
roofing slates, etc.) has created a large number of 
small workings scattered throughout the area. 

PALAEOGEOGRAPHY 

Precambrian 
The fragments of crust (‘terranes’) underlying the 
Welsh Basin were formed towards the end of the 
Precambrian, largely in an island arc setting 
adjacent to the so-called Amazonia region of 
Gondwana, now part of South America (Samson 
et al., 2005). These migrated around the margins 
of Gondwana, but were reassembled by Cambrian 
times to form Avalonia (Pharaoh & Carney, 
2000). Examples include: 
• Wrekin Terrane (exposed in the borderlands 

e.g. Malverns; Wrekin; Primrose Hill; 
Rushton) 

• Cymru Terrane (underlying much of Wales 
e.g. St Davids; Harlech Dome, proven in 
boreholes) 

• Monian Composite Terrane (exposed on 
Anglesey and the Llŷn Peninsula) 

Cambrian 
By the Early Cambrian the terranes were probably 
assembled into a coherent block, uplifted in the 
vicinity of Anglesey and the Welsh Borderland 
with a basin in between: now the Harlech Dome 
of Gwynedd and St. David’s succession in 
Pembrokeshire (Figure 4). The driving force for 
deposition at that time was probably related to 
Laurentia rifting away from Gondwana and the 
Iapetus Ocean opening up. However, little is 
known of the detailed geometry of the proto-
Welsh Basin at that time. Hence, developing new 
Cambrian expertise and tackling this scientific 
issue will be one of the aims of BGS activity in 
NW Wales in the coming year. 

Ordovician 
In the Tremadoc (early Ordovician) Iapetus began 
contracting, and subduction zones developed on 
both Avalonian and Laurentian margins.above 
retreating oceanic subduction zones (e.g. van 
Staal et al., 1998 and references therein). 

In North Wales and Pembrokeshire volcanism 
typical of a volcanic arc setting provides evidence 
for the effects of subduction during the Tremadoc. 
At the end of this Stage, basin uplift and 
deformation occurred (as can be seen, for 
example, at St Tudwals on the Llŷn Peninsula; 
Figure 5), accompanied by low grade 
metamorphism. Could this be due to a tectonic 
event? A similar scenario has been recorded in 
North America, where uplift is thought to 
coincide with island arcs colliding with the 
continental margin followed by renewed 
subduction (van Staal et al., 1998). 

A renewed cycle of subsidence and marine 
transgression commenced during the next stage of 
the Ordovician, the Arenig. Deposits from the 
margins of this rejuvenated basin are preserved in 
the Llanvirn record of the Llandeilo area. These 
were carefully studied by Alwyn Williams (1952) 
who produced a detailed stratigraphy based on 
sections in Dinefwr Park (owned by the National 
Trust), railway cuttings at nearby Ffairfâch and 
adjacent ground south of the River Tywi. The 
succession comprises massive coarse clastic 
sediments probably deposited from submarine 
debris flows overlain by shelfal fossiliferous 
limey sandstones and mudstones that record both 
the action of waves and periodic storm events that 
attest to their shallow marine setting (Figures 6, 7 
and 8). Volcanic activity at this time attests to 
renewed subduction following Tremadoc plate 
readjustment. 

Towards the Late Ordovician, during the 
Caradoc Stage, volcanic activity reached its peak, 
with volcanic centres developed in North Wales, 
Pembrokeshire and along the Welsh Borderlands 
Fault System (WBFS), including the Builth 
Wells, Llanwrtyd and Shelve volcanic inliers. 
Extruded rocks have compositions more akin to 
back arc setting that attest to the relative inboard 
position of the basin compared to that of the 
Tremadoc, possibly following accretion of a long 
excised, outboard terrane during that period of 
later Tremadoc deformation and uplift. 
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Figure 4.  Possible Cambrian palaeogeography for 
Wales. At that time basin subsidence led to deposition of 
thick units of mature sandstones that either formed part 
of a contiguous basin or a series of separate rift basins. 
These developed as Avalonia split away and migrated 
along the continental margin of Gondwana. © NERC, all 
rights reserved. 
 

 
Figure 5.  During the early Ordovician, the effect of 
contraction of Iapetus became apparent from the 
extrusion of subduction-related magmas in North Wales 
and Pembrokeshire. This culminated in an episode of 
basin uplift and low grade metamorphism before 
renewed onset of subsidence in the Middle Ordovician 
(Arenig). The photograph shows an example of the 
resulting sub-Arenig unconformity from St Tudwals on 
the Llŷn Peninsula. © NERC, all rights reserved. 
 

 
Figure 6.  Remnants of the middle Ordovician basin are 
poorly preserved. One important exception is the type 
area of the Llandeilean, exposed in Dynevor (Dinefwr) 
Park and in railway cuttings at Ffâirfach. This formed 
part of the BGS survey area in 2005 and is due to be 
released on the Llandovery sheet sometime in 2008, 
along with a revision of Alwyn Williams’ seminal 1952 
work. Essentially what is preserved at Llandeilo is the 
contemporary basin margin with the first hint of shallow 
marine successions preserved along the Welsh 
Borderlands Fault System. The photograph shows 
underlying re-sedimented strata of the Llanvirn Ffâirfach 
Grit. Schofield et al. (in press a). © NERC, all rights 
reserved. 
 
Widespread volcanism finished at the end of the 
Caradoc, implying that Iapetan oceanic crust had 
ceased to be subducted beneath this part of its 
continental margin. The end of the Caradoc was 
also marked by widespread deposition of 
carbonaceous material: the so called Caradoc 
Black Shales including the Nod Glas Formation 
of North Wales. This event may reflect elevated 
concentrations of atmospheric carbon dioxide 
released from the extensive late Caradoc 
volcanoes, or changes in oceanic circulation 
related to the onset of a significant period of 
global cooling (ie. onset of icehouse conditions) 
and forms the focus of ongoing research by BGS 
geologists and university collaborators. 

Deposition within the basin from Caradoc 
through to Late Silurian times is recognised to 
have been dominated by formation of a broad 
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continental slope apron where dilute, mud-
dominated turbidity currents periodically 
sloughed off the continental shelf to form 
distinctive thin ‘event-beds’ (e.g. Davies et al., 
1997). Intervening with these, normal background 
sedimentation comprised the slow rainout of 
mostly organic material from the water column to 
form delicately laminated hemipelagite beds. Key 
to understanding the evolution of the succession 
during this time is the recognition of contrasting 
sea-floor environments, preserved by the 
dominant turbidite mudstones: 

(1) Oxic facies mudstones were deposited where 
sufficient oxygen was present at the sediment-
seawater interface to support a varied in-fauna, 
giving rise to burrow-mottled pale grey 
mudstones with infilled burrows and apatite 
(phosphatic) cement. These conditions appear 
to correlate with times of falling sea level, 
corresponding to a marine regression (Davies 
et al., 1997). 

(2) Conversely, anoxic facies mudstones were 
deposited where seawater was strongly 
stratified; the sediment was oxygen depleted, 
there was little life or bioturbation, and organic 
material was preserved. These conditions 
occur as sea level rises, corresponding to a 
marine transgression, or episodes where there 
is abundant carbon in the atmosphere. 

(3) Restricted areas of deposition of sand-
dominated turbidite bodies entering into the 
mud-dominated slope apron, whose genesis 
was largely controlled by active tectonics, in 
particular uplift along the basin margins that 
distributed sandy detritus through turbidite 
channel and lobe systems into the slope apron.  
 

This latter characteristic is illustrated in Caradoc 
rocks exposed in the south of Cardigan Bay. Here, 
interbedded sandstone and mudstone turbidites 
record local reactivation of subsidence by tectonic 
activity (Figure 9) resulting in large volumes of 
coarse clastic material being resedimented within 
a narrow, fault bounded tract within an otherwise 
mudstone-dominated continental-slope apron 
(Davies et al., 2003). 

Investigating the distribution of the mudstone 
facies and coarse clastic deposits has enabled 
understanding of both eustatic (sea-level) changes 
and the influence of active tectonics on facies 
architecture during the evolution of the Welsh 

Basin. Throughout the Caradoc to Late Silurian 
development of the basin, it can be shown that 
there were a number of regressive-transgressive 
cycles that reflect both the far field eustatic and 
tectonic changes and more localised intra-basinal 
effects. 

Late Ordovician, Ashgill Stage, deposition, 
along with the early Silurian, Llandovery Stage 
deposits, underlie much of the Central Wales 
region (Figure 1). In the light recent Lower 
Palaeozoic research, the evolution of this part of 
the succession is now interpreted in relation to 
two new concepts: 

(1) the influence of active fault displacement, and 

(2) the impact of global cooling and the onset of 
glaciation on the main continent of Gondwana 
(which at that time was centred over the South 
Pole). 
 

A global drop in sea level during the Ashgill is 
reflected in the formation of strongly bioturbated 
turbidite mudstones in the lower part of the 
succession, possibly reflecting changes in ocean 
circulation accompanying the onset of global 
cooling; while rapid growth of the adjacent shelf 
areas in response to continued falling sea-level 
preserved in the upper part of the succession gave 
rise to instability of the basin slope and 
widespread slumping (Figures 10 and 11). 

The acme of the glacio-eustatic regression 
during Hirnantian times is characterised by faunas 
adapted to cold water conditions and development 
of widespread emergence on the adjacent 
contemporary shelf area to the southeast (Figure 
12; e.g. Davies et al., in press). 

Intra-Ashgill tectonism is recorded on the 
basin margin in the Shelve Inlier. Here, uplift and 
folding may reflect larger-scale plate adjustments 
such as collision of the Baltica palaeo-plate (now 
underlying much of Scandinavia) with Avalonia. 
Within the basin itself, this event was marked by 
localised deposition of coarse clastic material, 
conglomeratic debris and sandy turbidites that 
spilled off the shelf as it was uplifted, punctuating 
the mud-dominated continental slope apron 
(Figure 13). An example of this is preserved 
around Llanwrtyd Wells where deposits of the 
Bryn Nicol and Taliaris formations are interpreted 
to be confined by active faults (Figure 14; 
Schofield et al., 2004; Schofield et al., in press a). 
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Figure 7.  Carn Goch, an ancient hill fort where the 
Ffâirfach Grit is most significantly exposed. © NERC, 
all rights reserved. 
 

 
Figure 8.  An interpretation of Middle Caradoc 
palaeogeography. © NERC, all rights reserved. 
 

 
Figure 9.  An example of the Caradoc succession from 
the south of Cardigan Bay. Rhythmically interlayered 
turbidite sandstone and mudstone beds locate a former 
the infill an active submarine graben at this time. Davies 
et al. (2003). © NERC, all rights reserved. 

 

 
Figure 10.  The late Ashgill Yr Allt Formation is 
characterised by monotonous, locally poorly organised 
mudstone deposited during sea level, illustrated here in 
Cardigan Bay. Davies et al. (2006a). © NERC, all rights 
reserved. 
 

 
Figure 11.  Glacio-eustatic regression at the end of the 
Ashgill gave rise to rapid expansion of shelf areas and 
resulting instability of the adjacent slope apron. Hence 
the late Ashgill is marked by abundant slumped 
mudstone deposits such as these from the Yr Allt 
Formation. Davies et al. (2006a). © NERC, all rights 
reserved. 
 
Figure 12 is located a few pages further on. 
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Figure 13.  The Shelvian Orogeny, a period of 
deformation within the WBFS, was marked by 
deposition of coarse clastic material; conglomeratic 
debris flows and sandy turbidites, that spilled off the 
shelf as it was uplifted, punctuating the mud-dominated 
continental slope apron. These are illustrated here from 
near Taliaris in the Llandovery district. Schofield et al. 
(in press a). 
 

 
Figure 14.  Distal effects of the Shelvian event can be 
interpreted in terms of sedimentation confined by active 
faults, for example the Llanwrtyd Fault of the Builth 
Wells district where coarse grained deposits of the Bryn 
Nicol Formation are confined in the hanging wall of the 
structure, as illustrated on this block diagram. Schofield 
et al. (2004. © NERC, all rights reserved. 

Silurian 
During the Llandovery, the lower division of the 
Silurian Period, the Welsh Basin was subdivided 
into northern and southern sub-basins along the 
axis of the uplifted Berwyn Dome and Derwen 
Horst, adjacent to the Bala Fault. A broad shelf 
area to the southeast was coincident with the 
WBFS, its edge located within the Tywi Anticline 
(Figure 15). Slope apron sedimentation was 
influenced by post-glacial sea level rise, giving 
way to a fluctuating regression culminating in a 
putative glacial readvance that reached its 
maximum at the start of the Wenlock. The slope 

apron succession was punctuated by narrow, point 
sourced units of coarse clastic turbidites recording 
more localised tectonic events and the influence 
of higher frequency changes in sea level. 

The general depositional model for the basinal 
Llandovery is one in which easterly-derived slope 
apron turbidites thin westward toward the basin 
floor. These are overlain by southerly-derived 
sandstone-rich turbidites of Telychian age. A 
schematic facies and system architecture diagram 
for the Rhayader and Llanilar district (Figure 16; 
after Davies et al., 1997) reveals the slope apron 
succession interleaved with sandstone-rich 
turbidites strongly localised by active faults within 
the basin. The mudstones themselves comprise a 
lower unit of anoxic facies deposited during post-
glacial sea-level rise overlain by strongly 
bioturbated oxic facies mudstones deposited 
during the onset of renewed regression (Figures 
17, 18 and 19). 

 

 
Figure 15.  This proposed palaeogeographic 
reconstruction for the Llandovery reveals development 
of northern and southern sub-basins, separated by a 
system of highs: the Berwyn Dome and Derwen Horst, 
roughly coincident with the Bala Fault. There is also a 
broad shelf area to the southeast, coincident with the 
WBFS and parts of the Tywi Anticline. © NERC, all 
rights reserved. 
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The localisation of large southerly-derived 
sandstone bodies within fault systems of the 
Central Wales Syncline attests to an episode of 
Telychian tectonics which has not been 
satisfactorily related to more regional events, but 
may potentially record the onset of terminal 
continental collision between Laurentia and 
Avalonia. A schematic cross-section (Figure 20) 
shows how the Telychian sandstone facies might 
have been fault controlled. Careful dating of these 
units with graptolites has shown a succession of 
fault activation and deposit localisation from the 
centre of the basin, back towards the margin. 

The best example of a narrow, early 
Llandovery (Rhuddanian to Aeronian) , point-
sourced coarse clastic depositional tract is 
preserved in the vicinity of Caban Coch reservoir. 
Here turbidity channel deposits contain enormous 
clasts (of Avalonian material) and feed a positive 
lobe feature built up on the contemporary slope 
apron (Figures 21 and 22). The chrono-
stratigraphic architecture of the Llandovery 
basinal succession produced by Schofield et al. 
(in press a) reveals major cyclicity in 
sedimentation superimposed upon which are the 
effects of regional scale tectonic events and the 
influence of lower order changes in sea-level, 
reflected in a series of point-sourced turbidite 
channel-lobe systems that punctuate the basin  
(Figure 23). Sandy facies expansion as sea-level 
falls or the hinterland uplifts, and contraction as 
sea-level rises, so giving a good indicator of 
localised tectonics or changes in basin geometry. 

The contemporaneous Llandovery shelf, 
characterised by condensed sequences, with 
sandstone-rich and shelly sediments and local 
disconformities, also shows a response to the 
contemporary basinal events. The fossiliferous 
strata which make up this succession have a long 
history of study. Sections exposed around 
Crychan forest, near the town of Llandovery 
itself, were proposed by Robin Cocks and co-
workers (Cocks et al., 1984) as the world 
stratotype reference section for the Llandovery 
Stage. Recent work by the BGS has refined both 
the biostratigraphic framework and understanding 
of facies architecture enabling better comparison 
with the adjacent basinal succession. In particular 
it has allowed correlation of periods of regression 

recorded in the basinal succession with expansion 
of the shallower water shelfal facies and 
emergence of the more proximal parts and 
conversely periods of transgression with 
contraction of the shelf and inundation with 
deeper water facies (Figure 13; Schofield et al., in 
press a). This reveals an Hirnantian regression, 
also a middle Aeronian progradation and, notably, 
the main Telychian uplift. This was followed by 
transgression and deposition of the basinal anoxic 
facies of the Builth Mudstones Formation in the 
succeeding early Wenlock. 

Contrasting coeval basin and shelf successions 
has revealed considerable detail about fluctuating 
sea-level and, applying high resolution graptolite 
biostratigraphy, the timing of localised tectonic 
events. Together these form a powerful tool for 
correlation with other basins in the British Isles. 

The start of the Middle Silurian Wenlock 
Stage resulted in renewed deposition of anoxic 
turbidites in the basinal area, indicative of marine 
transgression that may have marked the end of 
another episode of ice advance across the 
Gondwana continental interior. These Early 
Wenlock anoxic facies turbidites were succeeded 
by another pulse of axially derived coarse clastic 
deposition (the Penstrowed and Denbigh Grits 
formations) attesting to tectonic reactivation of 
intrabasinal faults at this time (Figure 24). 

An architecture for the adjacent shelf area 
during Wenlock and Ludlow times was compiled 
by Holland and Lawson (1963), illustrating 
marine regression ultimately leading to 
progradation of terrestrial facies of the Old Red 
Sandstone across earlier nearshore and shelfal 
sediments (Figure 25), mirroring the original 
observations of Murchison in the area. This 
follows on from the work of Straw in the late 
1920’s and 1930’s which was essentially used by 
Holland and Lawson. However this work was 
largely biostratigraphic and did not recognise the 
detailed lateral facies variation that reveal the 
dynamic evolution of the basin at that time. The 
recent BGS work (Schofield et al., 2004) presents 
a somewhat different architecture defined for the 
Mynydd Eppynt succession of the Builth Wells 
district (Figure 26). 
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Figure 12.  Lithostratigraphic architecture for the Llandovery of the type area, including the Late Ashgill, contrasting 
older classification schemes with that proposed by Dr. J.R. Davies (Schofield et al., 2008). This diagram also shows that 
acme of the Ashgill glacio-eustatic regression led to emergence in the contemporary shelf area to the southeast. Schofield et 
al. (in press b). © NERC, all rights reserved. 
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Figure 16.  Deposition in the central part of the basin during early Llandovery times was dominated by slope and deep 
marine deposits. This schematic architecture disgram reveals a slope apron of turbidite mudstone thinning toward the basin 
centre. Interleaved with the turbidites were sandstones strongly localised by active faults within the basin. The mudstones 
themselves comprise a lower anoxic facies deposited in an oxygen-poor environment (which favours preservation of 
organic fossil material, particularly graptolites) overlain by strongly bioturbated oxic facies mudstones. © NERC, all rights 
reserved. 
 

 
Figure 20.  A schematic cross-section to show how early Llandovery sandstone facies might have been fault controlled. 
Careful dating of these units with graptolites has shown a succession of fault activation and deposit localisation from the 
centre of the basin, back towards the margin. Davies et al. (2006b). © NERC, all rights reserved. 
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Figure 17.  Example of an anoxic facies turbidite with 
preserved hemipelagite. © NERC, all rights reserved. 
 

 
Figure 18.  Typical rhythmitic, thinly layered sandstone-
mudstone turbidite couplets. © NERC, all rights 
reserved. 

 
Figure 19.  Coarse clastic turbidites of Telychian age. 
Davies et al. (2006b). © NERC, all rights reserved. 
 

 
Figure 21.  Outcrop of localised, point sourced, coarse 
clastic turbidites at Caban Coch reservoir (part of the 
Elan Valley scheme). © NERC, all rights reserved. 
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Figure 22.  Close up of submarine channel 
conglomerates from the coarse clastic turbidites at Caban 
Coch reservoir (part of the Elan Valley scheme). © 
NERC, all rights reserved. 
 

 
Figure 24.  Wenlock palaeogeography in the Welsh 
Basin. The extent of the basin at these times is poorly 
known. What is seen is a coarse clastic turbidite system 
with the Penstrowed and Denbigh Grits to the west, 
possibly the result of another tectonic episode. There is a 
turbiditic basinal tract to the east of that and a shelf tract 
extending from Mynydd Eppynt into the type area of the 
Wenlock. © NERC, all rights reserved. 
 

 
Figure 25.  The architecture of the Wenlock and Ludlow 
shelf areas as envisaged by Holland and Lawson (1963). 
This illustrates the thin, condensed sequences seen at 
Ludlow compared with the thicker basin shelf transition 
preserved along Mynydd Eppynt where recent BGS 
work has concentrated. © NERC, all rights reserved. 
 
 
Dramatic flooding of the extensive shelf during 
the earliest Wenlock transgression was followed 
by progradation of the shelf facies from the 
southwest during regression. The end of the 
Wenlock is marked by another marine 
transgression and return to deeper water 
sedimentation which gave way to another cycle of 
regression and progradation of shelf facies that 
ended in late Ludlow times (around the 
leitwardinensis/bohemicus biozone boundary) 
with a flooding surface marking renewed 
deepening followed by shallowing up from 
proximal shelf facies through to shoreface facies 
marked by the Tilestones Formation.  

This Late Silurian shoreface was inundated by 
terrestrial deposits of the Old Red Sandstone 
(ORS) which prograded across the basin margin, 
effectively marking the end of the basinal record 
of the Lower Palaeozoic. It is worth noting that 
the base of the ORS is also diachronous and 
comes in earlier in the Silurian to the southwest, 
in Pembrokeshire suggesting that uplift may have 
progressed from the southern part of the basin, 
possible starting in Telychian (Middle Silurian) 
times. 
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Figure 23.  Chronostratigraphic architecture of the Llandovery basin illustrating the expansion and contraction of point 
sourced turbidite sandstone channel-lobe bodies with time (Schofield et al., in press b). This reveals major cyclicity in 
sedimentation superimposed upon which are the effects of regional scale tectonic events and the influence of lower order 
changes in sea-level, reflected in a series of point-sourced turbidite channel-lobe systems that punctuate the basin. This 
diagram basically shows sandstone facies expansion as sea level falls or the hinterland uplifts, and contraction as sea level 
rises, so giving a good barometer to localised tectonics or changes in basin geometry. © NERC, all rights reserved. 

 
Figure 26.  Chronostratigraphic architecture of the Mynydd Eppynt escarpment in the Builth Wells district, illustrating 
cycles of progradation of nearshore facies from the south. The final cycle of regression is marked by shallowing-up from 
proximal shelf through to shoreface marked by the Tilestones Formation before the incoming of continental facies of the 
Old Red Sandstone. After Schofield et al. (2004). © NERC, all rights reserved. 
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Devonian 
A major episode of regional deformation, the Late 
Caledonian Acadian Orogeny, developed in 
Middle Devonian times, some 400 Ma. During 
this episode the basin was uplifted, reactivating 
existing faults and propagating new ones. Folding 
was widespread and the formation of a penetrative 
slatey cleavage imparted a pronounced southwest-
northeast tectonic ‘grain’ within the Welsh Basin 
rocks. 

THE FUTURE 
The current phase of activity by the British 
Geological Survey (BGS) started in the mid 
1980’s and has largely been driven by the 
requirement to improve provision of geoscience 
data and complete 1:50,000 scale geological map 
coverage of Central Wales and the Welsh 
Borderland. In this region the Survey mapping 
was over a century old, providing a level of detail 
considered insufficient for modern use (Figure 
27). 

Research commenced with a transect from the 
basin margin to its centre, across the Rhayader 
and Llanilar districts (Davies et al., 1997) led by 
Drs. R.A. Waters (now retired from BGS) and 
J.R. Davies who is now the BGS Chief Geologist 
for Wales. The initial studies were aimed at 
improving provision of baseline geological data, 
and understanding the facies architecture and the 
relationships between larger scale processes such 
as oceanographic and climatic changes and plate 
tectonics. The work integrated existing academic 
studies (summarised in Part 4 of volume 95 of the 
Proceedings of the Geologists' Association, for 
1984, e.g. the papers by Prof. M.G. Bassett and by 
Dr. N.H. Woodcock) and established a workable 
stratigraphy within the basinal turbidite 
succession informed by new concepts on deep 
marine sedimentology and basin dynamics 
(Figure 1; Davies et al., 1997). 

Careful surveying at the 1:10,000 scale 
combined with detailed graptolite biostratigraphy 
and interpretation of remote sensing images has 
provided new insights into the controls on the 
development of the Welsh Basin. These include 
the influence of a Late Ordovician glaciation, 
centred on the palaeocontinent of Gondwana, that 
strongly affected sea-level and ocean circulation 

at that time, and the gradual progress of 
Caledonian plate collision that brought about 
changes in the geometry of the Welsh Basin seen 
through migration of clastic facies through time 
and space (e.g. Davies et al., 1997). 
 

 
Figure 27.  Outline Bedrock Geology map of the Welsh 
Marches and adjoining areas prepared by the British 
Geological Survey. Numbers refer to 1:50,000 map 
sheets (Sheet 181 is Ludlow). More recent surveys are 
indicated by the relative complexity of the individual 
map sheets. © NERC, all rights reserved. 

 
This approach was developed further during 

subsequent work in the Builth Wells (Schofield et 
al., 2004) and Llandovery districts (Schofield et 
al., in prep a) where important relationships 
between depositional processes in the basin and 
those of the adjacent shelf succession in the 
Welsh Borderlands were investigated. 

This included some famous stratotypes such as 
Alwyn Williams’ type area of the Llandeilo 
(1952) and has led to substantial revision of 
stratigraphy in the type area of the Llandovery 
Stage and Straw’s Wenlock to Ludlow succession 
of Mynydd Eppynt and the Myddfai Steep Belt 
(1937). Future plans include utilising modern 
stratigraphic concepts to re-establish the linkages 
of the Wenlock to Ludlow succession between the 
Welsh Basin and the shallow water environments 
of the Welsh Borderlands, to the east. 

Current work in the Dinas Mawddwy district 
aims to produce the first 1:50,000 scale geological 
map of this area and build on research into 
palaeoenvironmental controls on Ashgill and 
Llandovery sedimentation (Schofield, 2008). 
Parts of this district were originally surveyed by 
William Pugh (1928) and Douglas Bassett (1955) 
and include the contemporary northern margin of 
the southern Welsh Basin. 
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Limestone Formation of Wenlock Edge represents similar, probably the same, species as are known from the 
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disarticulated plates found on Wenlock Edge. Some congruence is found, demonstrated by reference to the cladid 
crinoid Gissocrinus spp. 
 
1Nationaal Natuurhistorisch Museum, Leiden, The Netherlands. E-mail: Donovan@naturalis.nnm.nl 

 

INTRODUCTION 
The Much Wenlock Limestone Formation is 
internationally known for its superb biota of 
diverse fossils, but the style of preservation 
between its two principal outcrop areas shows 
distinct differences. These differences are 
particularly well demonstrated by the 
echinoderms, such as the crinoids (sea lilies). The 
crinoids of Wren’s Nest and the surrounding area 
of Dudley include over 60 nominal species known 
from complete or near-complete specimens, yet 
less than ten have been identified from Wenlock 
Edge and not always from complete specimens 
(Donovan et al., 2008a). 

 Obviously, the conditions controlling 
preservation must have been different between 
Dudley (complete crinoids) and Wenlock Edge 
(crinoid fragments) during the Wenlock. The 
author’s interest is in the pattern that is preserved 
rather than the process that produced it. It is an 
unproven assumption that the crinoid debris found 
in the Much Wenlock Limestone Formation of 
Wenlock Edge represents similar, probably the 
same, species as are known from the Wren’s Nest. 
This assumption is being tested by comparing the 
well preserved crinoids of Dudley with the 
disarticulated plates found on Wenlock Edge. 
Some congruence is found, although many of the 
latter are, as yet, still anonymous. 

IDENTIFICATION OF CRINOIDS 
Taxa such as gastropods with a ‘one piece’ 
skeleton can only show similar preservation at 
Dudley and Wenlock Edge; brachiopods may be 
recognised whether their paired valves are 

articulated or not; and a trilobite, even if 
completely disarticulated, can generally be 
identified to genus or species from its cephalon 
and/or pygidium. But Silurian crinoids are not so 
easy to classify with confidence from their 
common fragments, apart from some notable 
exceptions. Their systematics are largely based on 
features of complete cups and crowns, not ‘bits’ 
such as columnals and brachials (plates of the 
column and arms, respectively). 

 So, how can the crinoids of Wenlock Edge be 
identified? The author suggests that it is possible, 
but it isn’t quick. If there was one published 
reference to all the crinoids from Dudley, then it 
would be easier to identify distinctive plates from 
the cup, arms and column of any given 
species/genus/family of crinoid. If these separate 
plates were subsequently found on Wenlock Edge, 
then a positive identification could be made. This 
ideal situation is being approached by a project 
being pursued in collaboration with colleagues at 
the Natural History Museum in London, the 
University of London, and elsewhere. 

 Donovan et al. (2008a) published the first 
comprehensive survey of the British Silurian 
crinoids since early in the reign of Queen Victoria. 
Species-rich taxa were considered at the generic 
level, but this paper forms the framework upon 
which a comprehensive monograph of the British 
Silurian Crinoidea is currently being written by 
Donovan et al. (part 1 is in press; parts 2 and 3 are 
in preparation). This ongoing project, apart from 
its obvious relevance to systematics, faunistics and 
palaeogeography, is also educating the author 
regarding the identifiable fragments of all these 
crinoids. 



 SILURIAN CRINOIDS FROM DUDLEY TO WENLOCK EDGE  
 

 

EVALUTION OF THE THEORY 
So much for theory. Does it work? The answer is 
at least sometimes and, indeed, more and more. 
This can be illustrated with one example that 
recently worked very well. 

One of the best collecting sites for loose crinoid 
plates is the ‘old’ cutting on the west side of the 
A4169 at Farley, at about Grid [SJ 632 022]. It is 
overgrown, scruffy and with little exposure, but 
disarticulated plates are locally common in the 
“float”. These are much easier to work with than 
fragments cemented into pieces of limestone. 

The author is slowly determining the names of 
various common columnals and brachials, and 
rarer cup plates, from this locality. One common 
brachial morphology is tetragonal in outline, has a 
broad, gently angled and unsculptured outer 
(aboral) surface, a shallow adoral (inner surface) 
groove and are unusually flattened (but not flat). 
These distinct brachials belong to the crinoid 
genus Gissocrinus Angelin (Donovan et al., 
2008b). There are six nominal species of 
Gissocrinus from the Wenlock of the British Isles, 
all but one known from Dudley. The brachial 
plates from Farley are only identifiable as 
Gissocrinus, but they do confirm the presence of 
this genus on Wenlock Edge. They compare 
exactly with the brachials of complete Gissocrinus 
specimens from Dudley (Figure 1). 
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Figure 1. Gissocrinus goniodactylus (Phillips), the 
Natural History Museum, London, registration number 
E26888, from the Much Wenlock Limestone Formation, 
Dudley, Worcestershire (after Donovan et al., 2008b, fig. 
3b). This beautiful specimen preserves the proximal 
column, strongly ridged cup, arms showing multiple 
episodes of branching (missing only the tips) and, partly 
hidden by the arms, the elongate anal sac with a ladder-
like sculpture. The plates of the arms are distinctive (see 
text). Identical disarticulated brachials are locally 
common on Wenlock Edge; plates of the cup also occur, 
albeit rarely. 
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Groundwater Management: the Shropshire Groundwater Scheme 
 

Kevin Voyce1 
 

 
VOYCE, K.J. (2009). Groundwater Management: the Shropshire Groundwater Scheme. Proceedings of the 
Shropshire Geological Society, 14, 20–29. Shropshire’s water is dominated by the River Severn catchment. This 
covers a huge area and is responsible for supplying much of the West Midland’s water needs. The Environment 
Agency is responsible for the operation and development of the Shropshire Groundwater Management 
Scheme (SGMS). Located solely within North Shropshire this is the largest of the UK’s groundwater 
regulation projects. SGMS has grown to include 50 groundwater abstraction boreholes linked to a series of 
underground pipes that discharge into the River Severn. The scheme employs boreholes to abstract groundwater 
for supply and others which are drilled to establish geological formations and to enable decisions to be made 
regarding the availability of water. The scheme has six development areas and is being constructed in eight stages. 
At the present time, four phases have been completed and the fifth is underway. 

The SGMS is designed to be used, on average, once every three years to meet peak dry weather demands for 
water. Water is pumped from groundwater reserves naturally stored within the North Shropshire Permo-Triassic 
Sandstone formations and released in conjunction with surface water reservoir releases to balance the demands of 
abstractors while safe guarding the ecological needs of the river environment. 
 
1Environment Agency (Midlands Region, West Area), Hafren House, Welshpool Road, Shelton, Shrewsbury SY3 
8BB, UK. E-mail: kevin.voyce@environment-agency.gov.uk 

 

BACKGROUND 
Water supply requires a multi-disciplinary 
approach in order to maintain a sustainable supply 
of sufficient quality for industrial and domestic 
usage. This paper considers the management of 
water in Shropshire, a subject first addressed by 
the Society over 20 years ago (Skinner, 1981). A 
brief introduction to the ways in which water is 
held within the ground is given in the New 
Scientist article by SGS member Michael Price 
(1991), and his text book Introducing 
Groundwater provides greater insight (Price, 
1996). 

Shropshire’s water is dominated by the River 
Severn catchment (Figure 1). This covers a huge 
area and is responsible for supplying much of the 
West Midlands and beyond, including 
Shrewsbury, Wolverhampton, Coventry and 
Bristol. The public perception is that most water is 
impounded behind a series of dams across the Elan 
Valley, built between 1893 and 1906 for the 
Corporation of Birmingham, held in reservoirs 
from where an aqueduct, largely underground, 
transports it to supply the city. But this was not the 
first: a similar scheme had been completed in 1892 
to export water from the catchment to Liverpool 
via the Vyrnwy reservoir. Further demand for 
water in the 1960’s resulted in the construction of 

Llyn Clywedog reservoir at the head waters of the 
River Severn. 

However, the natural river system is also used 
to transport water and a huge resource also exists 
within the ground. Consideration for development 
of groundwater in North Shropshire as a resource 
began in the 1970’s, culminating in the first phase 
of the Shropshire Groundwater Management 
Scheme (SGMS) being commissioned in 1984. 

 
Figure 1.  Overview of the River Severn water resources 
and supply systems. © Environment Agency, all rights 
reserved. 
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GEOLOGY OF WATER SUPPLY 
Water is held within the ground either within pores 
or within fractures, in the bedrock and/or in the 
overlying superficial deposits (soil and “drift”). 
The ability to extract and recharge groundwater 
depends upon the openness (“permeability”) of the 
connections between the pores and fractures, and 
between the various geological units; it also 
depends upon the disturbances to the continuity of 
these units, primarily the effects of faults but also 
unconformities and the weathered profiles trapped 
beneath them. 

In mid-Wales, the upper part of the catchment 
is underlain by low permeability Ordovician and 
Silurian shales, grits and mudstones. Thus most 
water storage in this area is above ground and 
found in discrete, relatively small isolated areas. At 
Llyn Clywedog there is a concrete buttress dam 
constructed in the 1960s which retains some 55 
million cubic metres of water. During periods of 
low flow on the River Severn (measured by a 
gauge at Bewdley) release valve at Llyn Clywedog 
can be opened to provide additional flow support. 

By contrast, North Shropshire is underlain by 
significant thicknesses of Permo-Triassic 
sandstone. This forms a major aquifer with 
excellent natural storage properties and an ability 
to readily transmit water. Following a prolonged 
period of increase in demand for water during the 
1960s and 1970s, investigations commenced to 
assess the potential of this area for using 
groundwater to supplement river water during dry 
periods. A similar scheme, but on a much smaller 
scale, was successfully installed for the River 
Lambourn within the River Thames catchment 
(Thames Conservancy, 1972). 

 
Figure 2.  Rig used for drilling boreholes for the 
Shropshire Groundwater Management Scheme employing 
a rotary reverse circulation drilling technique. © 
Environment Agency, all rights reserved. 

THE SHROPSHIRE GROUNDWATER 
MANAGEMENT SCHEME 

Following a ten year investigation, a public 
enquiry was held in 1979 and the Act of 
Parliament passed in 1981; thus was born the 
Shropshire Groundwater Management Scheme 
(SGMS). The SGMS comprises abstraction points 
linked to a series of underground pipes that 
discharge into the River Severn or its major 
tributaries. Four phases of the scheme are 
complete, one is programmed and a further three 
have been identified for when demand justifies 
their introduction. With a current deployable yield 
of 190 megalitres per day (1 megalitre = 1 million 
litres) the scheme is licensed to allow the 
development of up to 330 megalitres per day. It 
has been used during the summers of 1984, 1989, 
1995, 1996 and 2006 to top up flows in the Severn. 

Development of the scheme was carried out by 
drilling production and observation wells, using 
drilling equipment similar to the specially adapted 
oil rig from Texas featured in Figure 2. 
Information was used to produce contours of 
groundwater table to define groundwater flow 
directions. Pumping tests were carried out to 
confirm aquifer parameters (conductivity, 
transmissivity, storage coefficient and porosity) 
and thereby calculate the quantity of groundwater 
likely to be obtained or stored. 

The boreholes for the wells also revealed the 
detailed geological profiles, in particular 
information concerning local faulting. One 
example is the Hodnet Fault in the valley of the 
River Tern. Here a number of theoretical structures 
could have explained the mapped terrain but, as 
more information was gleaned with additional 
boreholes, so the ground was discovered to include 
previously unmapped faults. These could explain 
local thinning of sandstone and anomalous 
observations of groundwater drawdown that had 
been made during pumping tests. 

Locally, the hydrogeology is further 
complicated by overlying Devensian glacial 
sediments (Figure 3). The British Geological 
Survey was commissioned to look at the detailed 
sedimentology of the drift and its influence on the 
recharge of the aquifer. 

The average rainfall on the Shropshire Plain is 
600 mm a year and studies were carried out into 
the fluctuation of water levels in the sandstone as a 
consequence of changes in effective rainfall (i.e. 
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the proportion of total rainfall that does not run off 
in to rivers but soaks in to the ground). 

Work has also been carried out to ensure that 
farming, the major land use within Shropshire, 
would not be adversely affected by the scheme. In 
order to verify this, a series of soil moisture 
vulnerability maps, based on the relationship 
between groundwater levels and crop root depth, 
were produced. Such information can also be used 
to ensure that pumped boreholes are kept away 
from high risk zones. 

 
Figure 3.  Complexity of the Quaternary glacial and 
fluvioglacial sediments overlying Permo-Triassic 
formations displaced by the Wem Fault as revealed by 
investigation boreholes. © Environment Agency, all 
rights reserved. 

HYDROGEOLOGY 
The SGMS has now become a vital component of 
River Severn regulation whereby flows in the river 
are artificially supported during times of low flow. 

The scheme comprises groups of boreholes, 
which draw water from groundwater reserves 
naturally stored within the Permo-Triassic beds 
underlying much of North Shropshire, in particular 
the sandstones. This water is pumped out and 
released to the River Severn to enhance flows in 
the river. 

Grain size, porosity and permeability are much 
more important to hydrogeologists than the 
classical geological characteristics of stratigraphy 
and petrology portrayed on geological maps (Table 
1; Figure 4). Also of great interest are the 
frequency and openness of joints, faults and 
aquifer geometry. Faults throw aquifers about, 
change their thickness, and affect the amount of 
storage capacity in the ground. It is therefore 
important to know the three dimensional picture of 
the rocks underground, and how it changes with 
depth. This reduces the risk of drilling boreholes 

into inadequate aquifers or developing short-term 
resources. 

The Permo-Triassic sediments reach significant 
depths, up to 4400 m centred on the Wem Fault in 
Shropshire, representing the southern margin of 
the Cheshire depositional basin. (Figures 5 and 6). 
The sandstones comprise fluvial as well as aeolian 
deposited sands resulting in a range of potential 
porosity and thus storage capacity typically 
between 5 to 34%. While the sandstone beds are 
up to 1800 m thick allowing for a large storage 
capacity, the porosity and therefore storage does 
decrease with depth. Stratigraphically, the 
sandstones give way to Triassic mudstones and 
evaporates (the latter could, reduce groundwater 
quality by introducing water rich in salt, sulphate 
or barytes). Overall, the sandstone component 
constitutes a thick aquifer with good storage and 
high transmissivity. 

 
 

 
Figure 4.  Typical hydrological properties of Triassic 
sandstones in North Shropshire. Values taken from 
Aquifer Properties Manual (BGS, 1997) and East 
Shropshire Groundwater Model Report (Streetly & 
Shepley, 2005). © Environment Agency, all rights 
reserved. 
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Figure 5.  Typical exposure of Triassic sandstone at 
Myddle, North Shropshire. This is the type of rock into 
which the SGMS boreholes are drilled, characterised by 
extensive beds of cross-bedded sandstones cut by 
horizontal and vertical fractures. © Environment Agency, 
all rights reserved. 

 
Figure 6.  Depth to the base of the Triassic sequence in 
the Cheshire Basin. The Shropshire Groundwater 
Management Scheme concerns the southern part of this 
area. © Environment Agency, all rights reserved. 

 
Figure 7.  Contrasting hydrogeological settings for a 
hypothetical typical profile in North Shropshire. Clays 
generally prevent vertical recharge of aquifers beneath, 
but help protect them from ingress of surface pollution. © 
Environment Agency, all rights reserved. 
 
Recharge of the aquifer is influenced by the 
extensive cover of Quaternary glacial and 
fluvioglacial sediments, largely Devensian in age. 
This provides effective recharge flow paths or 
barriers between surface sources (rivers and 
rainfall onto open ground) and the underlying 
Permo-Triassic sequence (Figure 7). The spread of 
Quaternary sediments is determined by the 
evolution of the Devensian glaciers, dominated by 
the southerly passage of ice from the Irish Sea 
Basin and the easterly passage of ice from 
Northern and Central Wales, these bodies meeting 
in the tract west of Shrewsbury. 

Investigations in this area undertaken by the 
BGS on behalf of the SGMS (1997; 2001) have 
shown the thickness of Pleistocene drift deposits 
over the sandstone to vary from less than 10 
metres to over 100 metres. The drift is thicker in 
western Shropshire than eastern Shropshire, and 
striking linear features have been revealed. If the 
data is portrayed as contour maps of the sandstone 
surface, these reveal the Pre-Pleistocene 
topography. There is a vast thickening of drift 
along the line of the River Severn, between 
Llandrinio and Montford Bridge This delineates 
the Severn Trench which represents an infilled 
sub-glacial linear channel feature, carved 50 
metres below sea level (Figures 8 and 9). 

The level of the groundwater table is at or 
around the level of the River Severn, with a slight 
rise beneath upland areas. The level of the water 
table responds directly to the amount of recharge 
as determined by effective rainfall (Figures 10 and 
11). 
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Figure 8.  Elevation of base of Triassic sandstone outcrop 
west of Shrewsbury, from a BGS study (2001) carried out 
on behalf of the Environment Agency. © Environment 
Agency, all rights reserved. 
 

 
Figure 9.  Thickness of Quaternary “drift” deposits west 
of Shrewsbury, from a BGS study (2001) carried out on 
behalf of the Environment Agency. © Environment 
Agency, all rights reserved. 

 

 
Figure 10.  Monthly rainfall for North Shropshire, 1997-
2007. © Environment Agency, all rights reserved. 
 

 
Figure 11.  Long term water table trend, Permo-Triassic 
Sandstone North Shropshire observation well, 1976-2006. 
© Environment Agency, all rights reserved. 
 
The contours reflect groundwater elevation. These 
can be analysed to indicate groundwater flow 
directions, which tend to be southwards north of 
Shrewsbury (Figure 12). It is not currently known 
whether this drainage is towards the present-day 
River Severn or to Devensian glacial or 
fluvioglacial sediments. 

 
Figure 12.  Contours of groundwater level north of 
Shrewsbury. © Environment Agency, all rights reserved. 
 
Faults can provide effective aquifer management 
boundaries. Sometimes they act as conduits and 
sometimes as barriers to groundwater flow, 
depending upon whether they throw sandstone 
against sandstone, or against mudstone, an whether 
or not clay or crushed quartz is smeared along the 
fault gouge. Generally faults act as barriers to flow 
across them (with smears of clay or crushed 
quartz), yet can enhance flow along them (if 
broken rock fragments prevail). 

Some faults are known from British Geological 
Survey (BGS) mapping work. However, not all 
faults can be detected from the surface outcrops 
and sometimes previously unknown faults are 
discovered during investigation work for the 
SGMS. For instance, asymmetry in drawdown 
around a test well could be indicative of a near by 
fault. In addition, breaks in drawdown curve show 
a change in the availability of groundwater; an 
increase may indicate a fault changing the 
geometry of the water-bearing sandstone, as 
shown by the effect of the Hodnet Fault near the 
River Tern, north of Wellington. Various 
conceptual models have been constructed to 
explain the observed water level responses 
(Figures 13 to 15). 

The River Tern area has been looked at in 
detail. Starting with the BGS map and using 
additional information from boreholes and 
geophysical surveys, a three dimensional picture 
has been constructed. This shows three main 
faults: the Preston Brockhurst Fault, the Hodnet 
Fault and the Childs Ercall Fault, all trending 
northeast-southwest. These are the same trends 
(and presumably stress patterns) as exist in South 
Shropshire, but they are not as obvious. The dotted 
fault lines on the BGS map indicate their 
speculative nature but this is not good enough for 
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hydrogeologists, who need to know exactly where 
the faults lie. Because it is necessary to know the 
thickness of strata within the fault blocks, an 
isopachyte map was drawn for the sandstone. This 
showed that the thickness varies from 30 metres to 
240 metres over a short distance, indicating a 
significant feature controlling the base of the 
Permian Bridgnorth Sandstone. A minimum 
thickness of 60 metres is needed for a significant 
water supply aquifer, a condition which is satisfied 
here. 

 
Figure 13.  Simple conceptual model of groundwater flow 
in the vicinity of the River Tern, with only the Hodnet 
Fault. © Environment Agency, all rights reserved. 
 

 
Figure 14.  Simple conceptual model of groundwater flow 
in the vicinity of the River Tern, with the mapped Hodnet 
Fault and Childs Ercall Fault and postulated Ollerton 
Fault with minor displacement and little “drift” cover. © 
Environment Agency, all rights reserved. 
 

 
Figure 15.  Simple conceptual model of groundwater flow 
in the vicinity of the River Tern. The unmapped southern 
extension of the Ollerton Fault is interpreted to form a 
horst block with the Childs Ercall Fault, causing localised 
thinning of the Permian Sandstone aquifer. © 
Environment Agency, all rights reserved. 

GROUNDWATER DEVELOPMENT 
The first phase of the SGMS development 
comprised 9 water abstraction wells over an area 
of 33 square kilometres, plus 50 observation wells 
(Figures 16 and 17) (Shepley & Streetly, 2007). 

When flows in the River Severn start to fall, 
additional water is released into the river from the 
conjunctive use of both surface water (Llyn 
Clywedog) and groundwater (SGMS). Artificial 
regulation of the river aims to balance the demands 
of abstractors while safe guarding the ecological 
needs of the river environment. Initially, water is 
released from Llyn Clywedog and Lake Vyrnwy 
reservoirs in the headwaters of the River Severn 
catchment. If the low flows continue for a long 
period, there is not enough water in these 
reservoirs to maintain the required releases. 
 

 
Figure 16.  Extent of the Shropshire Groundwater 
Management Scheme, showing linked boreholes for each 
phase of development. Shrewsbury is in the lower middle 
of the map. © Environment Agency, all rights reserved. 
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Figure 17.  Phases of development for the Shropshire 
Groundwater Management Scheme boreholes are drilled. 
© Environment Agency, all rights reserved. 
 
Like any other water user, the Environment 
Agency has an abstraction licence that allows the 
drilling and pumping of the SGMS boreholes. The 
licence contains conditions which state where the 
boreholes can be drilled and exactly how much 
water can be pumped from them. The licence also 
states that the Scheme can only be used for the 
purpose of supporting flows in the River Severn 
when the water stored in Llyn Clywedog cannot 
meet the expected demand for water. 

Before the decision is taken to go ahead with 
drilling the boreholes, investigations are carried 
out to see what impact pumping the groundwater 
might have (Figures 18 to 21). This monitoring 
continues now the scheme is in place and includes 
checks on water levels in observation boreholes 
and pools, as well as analysis of water quality and 
wildlife populations. This is to ensure that the 
scheme has a minimal environmental impact. 

The Environment Agency has put in place 
safeguards to protect other water users in the 
locality who may be affected by the scheme. For 
example, if pumping from the SGMS boreholes 
causes water levels in a nearby well to fall causing 
a problem for users of that well, the Environment 
Agency will provide an alternative supply of water 
(Figure 22), if the well existed before the Scheme 
was fully licensed in 1981. Such sources are 
deemed to have “protected rights” in the event of 
derogation. 

 
Figure 18.  A Shropshire Groundwater Management 
Scheme weir for measuring surface water flow in the 
Potford Brook. © Environment Agency, all rights 
reserved. 
 

 
Figure 19.  Collecting a sample for water quality testing. 
© Environment Agency, all rights reserved. 
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Figure 20.  In-stream flow gauging. © Environment 
Agency, all rights reserved. 
 
Any water users who are potentially at risk from 
impacts of the scheme are identified during the 
initial construction of each phase of borehole 
development. This means that problems are 
identified in advance of them occurring and 
solutions can be put in place. 

The Shropshire Groundwater Scheme is 
designed to be used, on average, once every three 
years to meet peak dry weather demands for water. 
Even then, the Scheme is only pumped in short 
bursts for up to a maximum of 148 days in any 
year. In addition, the scheme is licensed to be used 
for approximately 250 days in any five year 
period. 

 

 
Figure 21.  Apparatus for measuring water depth within 
an observation well. It is important to study fluctuations 
especially in times of drought or after pumping water in 
or out of the ground. In the case of artesian wells, where 
water is under pressure, the recorder is placed in a pipe 
extending up to several metres above ground. © 
Environment Agency, all rights reserved. 

 

 
Figure 22.  Range of possible relations between 
groundwater level, soil moisture and root depth. © 
Environment Agency, all rights reserved. 
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CONCLUDING REMARKS 
In the United Kingdom there are four principal 
rock formations which provide porous aquifers viz. 
Carboniferous Limestone, Permo-Triassic 
sandstone, Jurassic limestone and Cretaceous 
chalk. There are other rock types which provide 
small, local aquifers, but the bulk of the public 
water supply is taken from these four. 

The proportion of water taken from the ground 
varies across the country. In the southeast it is 
80%, largely from chalk and greensand; in Wales 
it is only 3-4% because there are few aquifers; and 
in the Midlands it is 39%, which is a typical figure 
for most of England and Wales. 

Working in conjunction with principal water 
users, the Environment Agency aims to balance 
the growing demands on dwindling natural 
resources through short, medium and long term 
strategic water resource planning. This calls for 
greater efficiencies and more innovative use and 
deployment of existing surface and underground 
water resources in the face of increasing 
population demands and the uncertainties of 
future climatic change. To meet this challenge it 
is necessary to secure and preserve vital surface 
and underground water resources. 

The Environment Agency is responsible for 
the operation and development of the 
Shropshire Groundwater Management Scheme. 
Located solely within North Shropshire this is 
the largest of the UK’s groundwater regulation 
projects. The Shropshire Groundwater Scheme 
has been identified by the Environment Agency 
and water companies as one of the key strategic 
options for developing further water resources 
within the River Severn supply zone in order to 
meet growing water demands within the 
foreseeable short to medium term future. 

The Shropshire Groundwater Scheme is 
designed to be used, on average, once every three 
years to meet peak dry weather demands for water. 
Water is pumped out and released to the River 
Severn to enhance flows in the river from 
groundwater reserves naturally stored within the 
sandstone underlying much of North Shropshire. 
Around each borehole a pumping station is built, 
which is designed to have a minimal impact on the 
local environment. 

The scheme has six development areas and is 
being constructed in eight stages. At the present 
time, four phases have been completed and the 
fifth is underway. 

If all phases of the scheme had been developed 
at once it is estimated that it would have cost 
around £20 million. This is significantly cheaper 
than the construction of a new dam for a reservoir, 
and has the added advantage of there being 
negligible visual impact; it also allows a phased 
development to complement demand. 

In discussion, Professor Brian Wilkinson, 
former Director of the Centre for Ecology & 
Hydrology, showed the audience his original hand 
drawn map and hand written manuscript used to 
consider the groundwater potential of Shropshire. 
Prepared in June 1970, before the advent of 
personal computers, the predictions deduced from 
a desk study supported by hand calculations have 
been found to be remarkably close to the actual 
groundwater yields now that the scheme is in 
operation. 

In conclusion, a couple of interesting figures: 
UK surface reservoirs store 2,500 million m3 of 
water. The upper twenty metres of the three 
principal UK aquifers can store twenty times this 
volume; the Permo Triassic sandstone alone stores 
36,000 million m3. 
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New thoughts on the Origins of Downton Gorge 
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FRANCIS, K. (2009). New thoughts on the Origins of Downton Gorge. Proceedings of the Shropshire Geological 
Society, 14, 30–41. With access to the latest Ordnance Survey height data and using Global Mapper to produce 
profiles, new evidence has been found which suggests a pre-glacial period of drainage reversal in the vicinity of 
Downton Gorge. The overflow point for Glacial Lake Wigmore is shown to have been further east than previously 
thought, and actually within the area now containing the gorge. 
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INTRODUCTION 
The late Dr Peter Cross’s work on the Wigmore 
Vale was a tour de force of geomorphology 
(Cross, 1968; Cross & Hodgson, 1975); an area of 
great beauty was given an exciting history 
stretching back through the Devensian ice age. 
This inspired the current study, part of a project to 
identify the location of the overflow point of 
Glacial Lake Wigmore. 

Cross’s study was based on Ordnance Survey 
(OS) contour maps at 1:10,560 scale, portraying 
contour lines at 100 foot (30.48 m) intervals. 
Interpolation was achieved by section drawing 
assisted by surveying at critical locations using an 
Abney Level and staff (Cross, 1971). Accuracy 
would have been of the order of +/- 3 m overall. 
The new analysis has also been based on a study of 
OS elevation data but in digital form, provided to a 
resolution of one metre and an accuracy of +/- 0.5 
m on a 10 m square grid, sourced by EDiNA 
Digimap. The software used to perform the 
analysis was Global Mapper 
(www.GlobalMapper.com), capable of handling 
large quantities of elevation data, rendering 3D 
landscapes and producing vertical surface profiles. 

Figure 1 is a 3D image which prompted the 
work leading to the present paper. The height data 
is shaded in proportion to slope angle, i.e. it is “lit” 
vertically. At first glance, the widening of the 
valley to the south and the geometry of the 
tributaries are all suggestive of a southward-
flowing stream. Yet this is the southern end of 
Downton Gorge which currently hosts the River 
Teme, flowing northwards. Was there once a 
south-flowing drainage for this area, before pro-
glacial Lake Wigmore formed? And, if there was, 
where was the lake’s breaching point? 

 
Figure 1. Vertically-lit image produced by Global Mapper 
showing elevation in the vicinity of Downton Gorge 
(centre and right). This reveals a southward-widening 
valley, suggestive of erosion by a southward flowing 
stream. The present-day drainage by the River Teme 
flows in the opposite direction through the Gorge: 
northwards. 
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Considering the formation of Downton Gorge, 
nature has not been the only architect; Man has 
exerted an influence too, as shown by the 
following timeline summarising current 
knowledge of the Wigmore area: 
• After the Devensian ice retreat around 10,000 

years ago, Man colonised the area which led, 
until the end of the Iron Age some 2,000 
years ago, to construction of extensive 
earthworks (“hill forts”) on some of the 
ridges (Twigger & Haslam, 1991). 

• Travel was predominantly E-W, as shown by 
development of a major trading route: the 
Clun-Clee Ridgeway (Chitty & Lily, 1963). 

• Almost 2,000 years ago the Roman 
administration began, responsible for 
constructing a new N-S road across the 
Wigmore marshes and establishing a large 
fortified site at Leintwardine at its 
intersection with the Clun-Clee Ridgeway. 

• Between 900 and 150 years ago Ludlow 
owed much of its wealth to sheep farming 
and processing the fleeces using energy 
gained from the Teme via mills. Downton 
Gorge itself houses 4 weirs, some associated 
with the early iron industry. These weirs 
have been responsible for deposition of 
alluvial flats within the Gorge. 

• Over the last 350 years, Wigmore Vale has 
been progressively drained as farmers dug 
drainage channels. 

• Between 350 and 150 years ago clay pipe 
making at Pipe Aston created a demand for 
white clay, possibly partly sourced locally by 
varved lacustrine deposits within the Vale; 
other possible sources include Clee Hill 
which, at that time, was being used to source 
the ironstone for local smelting. 

• In the last 110 years there have been two 
major excavations across the area associated 
with installation of the large diameter pipes 
for carrying water underground from the 
Elan Valley to Birmingham. During 
excavations, contractors’ trams have been 
used to carry out spoil, creating terraced 
dumps that have since blended into the 
landscape. 

GEOLOGICAL SETTING 
The published geological map for the region 
(Sheet 181: BGS, 2000) shows the geology of the 

area and the latest stratigraphic nomenclature. 
However, rather more detail of the exposures 
together with a clearer portrayal of strata dip 
angles and faulting is given by the older 1:25,000 
geological map based on field studies by the 
Ludlow Research Group (IGS, 1973; Schofield, 
2008), in particular for the Downton Gorge area 
the mapping undertaken by “Mac” Whitaker 
(1962). The larger scale maps show a syncline 
trending SW-NE through the present line of the 
River Teme within Downton Gorge, and several 
faults. Two major normal faults within Downton 
Gorge appear critical to understanding its 
geomorphological evolution (Figure 2). 

The first normal fault runs N-S along the path 
of the Teme where it cuts the Aymestry Limestone 
ridge downstream from Downton Bridge [SO 427 
730]. It is downthrown to the west by up to one 
hundred metres and so must have created a 
significant zone of fracturing through the ridge at 
this point. The second strikes NW-SE, 
downstream at Castle Bridge [SO 443 744], 
downthrown to the northeast by a similar 
magnitude thereby bringing the younger, weaker 
Ledbury Formation mudstones (now considered 
part of the Raglan Mudstone Formation) to the 
surface. In effect, these two faults have created a 
horst block uplifting the Whitcliffe Beds along 
what is now Downton Gorge. 

The 3D map of the area shown in Figure 1 has 
had the geology draped over it in order to clarify 
the positions of these two normal faults, 
highlighted in yellow (Figure 2). 

The two blue dashed lines mark the position of 
terrace profiles taken on the NW side of the Gorge, 
200 m and 400 m away from the River Teme. The 
current river profile together with these two terrace 
profiles are shown in Figure 3. This shows a 
composite longitudinal profile of the current river 
level with both terrace profiles behind. These three 
profiles have been stretched to the same width, and 
the horizontal scale is that of the river channel. 

Note the impact of the four weirs within the 
Gorge: flattening the longitudinal profile with 
alluvial splays. The stepped profiles are a 
consequence of handling digital elevation data to 
one metre resolution within Global Mapper. 
Furthermore, since the height data and OS 
topographic map were not contemporaneous, 
tracing the mapped meanders occasionally creates 
anomalies of the order of 1-2 m with regard to the 
elevation data. 
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The two red dotted lines on Figure 3 indicate 
potential river profiles. The stream which runs NE 
towards Ludlow, draining the area that now 
contains the Gorge, is henceforth known as the 
“Pre-Teme”. It was a mature stream draining a 
relatively small basin contained within the 

syncline. The terrace profiles suggest there may 
have been a nick point somewhere near Castle 
Bridge, where the stronger calcareous siltstones of 
the Whitcliffe Formation give way to the younger, 
weaker Ledbury Formation mudstones. 

 

 
Figure 2. 3D image of Downton Gorge prepared by superimposing the geological map onto the topography prepared for Figure 1. 
Lines of the two normal faults referred to in the text and locations of profiles are also shown. 
 

 
Figure 3. Composite profile along the River Teme, showing current river profile, two terrace profiles 200 m and 400 m to the NW 
of the gorge, and suggested profiles for the initial drainage within this landscape. 
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GEOMORPHOLOGY OF DOWNTON 

GORGE 
The geomorphological evolution of Downton 
Gorge can now be considered using the digital 
elevation data, which enables the possible origins 
of the Gorge to be evaluated. 

The stream draining the SW of the ridge now 
containing Downton Gorge is to be called here the 
“Burrington Stream” since it would have joined 
the Teme near Burrington. From there, the Teme 
would have originally flowed south out of the 
Wigmore Vale through the gap at Aymestrey. 

This is referred to as the “Phase 1” drainage 
pattern. 

As for the drainage of the Burrington Stream to 
the SW from Downton Bridge, no reliable 
evidence can be extracted from either the 
longitudinal or cross profiles. During this time, the 
Teme flowed out of the Vale through the 
Aymestrey gap. 

Only one piece of direct evidence for the pre-
Devensian level of the Teme through the Vale 
could be found. Clive Gurney (who farms Abbey 
Court Farm which lies in the lowest parts of the 
Vale of Wigmore, just north of Wigmore village) 
has two ponds (arguably kettle holes, since there is 
peat nearby) on his land at 110 m elevation with 
respect to Ordnance Datum (OD). These act as 
natural sumps which have to be pumped out 
constantly (see Annex for further details). When 
cleaning out one of these sumps, clay and peat 
were still being excavated at a depth of 10 m 
below ground level. This could imply that the 
Teme was at least 10 m lower than it is now in its 
current course at Burrington. 

Four kilometres to the south, the present 
elevation of the River Lugg at Aymestrey, which 
flows from there south towards Leominster, is at 
about 100 m OD. This may be compared with a 
ground level of 110 m OD at the depression by 
Abbey Court Farm. If the current profile of the 
River Lugg is extrapolated backwards into the 
Wigmore Vale, it would follow a gentle, uniform 
gradient, consistent with the concept of a river 10 
m lower than at present within the Vale. On the 
other hand, it could instead indicate slight over-
deepening of the Vale due to ice and nevee 
collecting on the north eastern flanks of Wigmore 
Rolls, to the west, possibly around stagnant ice (i.e. 
forming a kettle hole). 

It is of relevance to note that Cross (1968) 
described a deposit of sand and gravel within the 
Aymestrey gap which appears to have been 
deposited as a delta by meltwater from an ice sheet 
flowing from further south. Deposition was 
northwards into a body of water, quite probably 
the proglacial lake now known as Glacial Lake 
Wigmore. The top of the delta (since quarried 
away) was at a maximum elevation of 131 m OD, 
dropping northwards to about 128 m OD. The 
delta was in excess of 22 m in thickness and so the 
ground level prior to deposition must have been a 
little below 106 m OD, which would be consistent 
with a location near the banks of a pre-glacial river 
hereabouts, comparable to the present day Lugg. 

Global Mapper was used to create many cross 
profiles of the valley along the whole length of 
Downton Gorge. Only a small number are 
presented here in evidence, chosen as being 
representative. The remainder are considered 
within a related, but unpublished, report (Francis, 
2009). 

The stages and evidence for the evolution of the 
river system through Downton Gorge will now be 
considered. 

Figures 4, 5 and 6 show stages in the proposed 
drainage reversal as a series of vertical longitudinal 
sections along the line of Downton Gorge, 
perpendicular to bedding. 

The Burrington Stream has the advantage of 
attacking the synclinal axis and the fault zone at 
Downton Bridge. The Pre-Teme’s ability to erode 
its upper course above Castle Bridge is hampered 
by the comparatively strong calcareous siltstone of 
the Whitcliffe Beds that outcrops there, which may 
have created a nick point, flattening the upper 
profile. 

Figure 6 shows the greatest extent of Phase 2 
drainage with a one kilometre long col (once part 
of the upper Pre-Teme’s course) between The 
Pools and Castle Bridge, acting as a watershed. 

DISCUSSION 

The geomorphological evolution of Downton 
Gorge has been considered by previous writers in 
terms of glacial lake overflow (Cross, 1971) and 
subglacial river erosion (Rosenbaum, 2007). 

Consideration of the field evidence can now be 
refined using the digital elevation data available to 
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Figure 4. The dip slope with Burrington stream capturing the larger Nunfield Gutter. 
 

 
Figure 5. The capture of the Nunfield Gutter at the base of the faulted ridge, leading to aggressive erosion which breaches the 
original watershed. 
 

 
Figure 6. The Burrington stream aggressively cuts back, capturing the Pre-Teme’s headwaters as far as the area of The Pools. In 
addition, the Teme may have flowed up to 10 m lower than at present around Burrington, and caused a steeper profile in the lower 
Burrington stream. 
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the author, which enables the possible origins of 
the Gorge to be reconsidered. 

In his 1971 PhD thesis, Cross proposed that the 
Pre-Teme had eroded back southwards through the 
Aymestry Limestone ridge and had captured the 
waters of the Nunfield Gutter, leaving the 
Wenlock Limestone ridge as the watershed 
between it and the Teme. During the Devensian, 
when the Aymestrey gap was blocked by ice and 
Glacial Lake Wigmore was formed, this became 
Cross’s breaching point for the subsequent Lake 
Wigmore. Cross presented a cross section of the 
valley here and proposed a 130 m OD col from 
evidence of terrace deposits (Figure 8). Global 
Mapper was used to create many cross profiles of 
the valley along its whole length, one of which 
faithfully reproduced Cross’s original section. 

The geometry of the lower sections of the three 
streams north of Downton Bridge does not support 
Cross’s theory for the breach. It is therefore 
suggested that there was another phase of drainage, 
before the Devensian glaciation, which saw the 
Burrington Stream erode back north and east, 
along the line of the N-S fault and then the axis of 
the SW-NE trending syncline mapped by Whitaker 
(1962), and thereafter capture much of the 
headwaters of the Pre-Teme. The sequence is 
summarised in Figures 9 to 13. 

The breaching point for Glacial Lake Wigmore 
is now considered to have been the newly 
identified watershed between the Pre-Teme and 
Burrington Stream: a one kilometre long col near 
The Pools at 130 m elevation OD containing the 
remnants of the Pre-Teme’s drainage channel. The 
current gorge is thus considered not so much to be 
a fluvio-glacial overflow channel as a series of 
purely fluvial gorges cut back through this col and 
the downstream Pre-Teme valley. 

In addition if, immediately pre-Devensian, the 
Teme flowed around 10 m lower than it does now 
around Burrington, the wide flat-floored valley 
between Burrington and Downton Bridge would 
have been the site of incised meanders cut by the 
southwest-flowing Burrington Stream; these have 
subsequently silted up. Drainage in this valley is 

now reversed, explaining why this part of the 
valley apparently widens upstream. Alternatively, 
this may simply be the result of the Teme 
undercutting its banks. 

When the Devensian glaciation began and 
permafrost became widespread, stronger rocks 
such as the Whitcliffe Beds would have been 
frozen and thus less permeable, enabling fluvial 
erosion to become more effective. This would 
have not only rapidly increased overland flow 
processes but would have also encouraged freeze-
thaw weathering to take place, affecting the 
fractured rock of the fault zones in particular.  

Once the Wye glacial ice sheet had blocked the 
Aymestrey gap, impounding Glacial Lake 
Wigmore, the valley filled up and the lake 
eventually breached the col at Downton. Figure 7 
shows the situation after breaching. This marks the 
start of the current Phase 3 drainage system.  

It should be noted at this juncture that the 
Burrington Stream’s course would have been 
drowned by the proglacial Lake Wigmore. 
Thereafter it would be expected that lacustrine silt 
would be deposited and thereby protect the 
geomorphology of the Phase 2 drainage. 

Secondly, the Pre-Teme channel at the breach 
and beyond would have had to cope with a volume 
of water from a basin of at least 400 km2, 100 
times larger than its maximum during Phase 1. The 
erosional power of this water, especially in the 
periglacial conditions of that time, would have 
been enormous on the weak mudstones of the 
Ledbury Beds northeast of Castle Bridge. Any 
nick points would travel upstream relatively 
rapidly until their progress was slowed by the 
stronger Whitcliffe Beds, where they would 
accumulate to form a significant waterfall. It is 
suggested that the gorge between Castle Bridge 
and The Pools was cut by such fluvial processes. 
Furthermore, the gorge would have to be cut along 
its full length before there could be any significant 
lowering of Glacial Lake Wigmore. Perhaps the 
gorge was cut in more than one go, but there is no 
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Figure 7. Glacial Lake Wigmore floods the Burrington stream valley burying, and thereby protecting, some of its features with 
sediment. The lake’s breaching point is near Castle Bridge. The increased flow causes a gorge to cut back from that point. The lake 
level cannot significantly drop until that gorge reaches The Pools. 
 

 
Figure 8. The breaching of Glacial Lake Wigmore according to Cross (1971). 
 

 
Figure 9. Proposed Phase 1 development of drainage within Downton Gorge. 
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Figure 10. Proposed Phase 2a development of drainage within Downton Gorge. Blue stream cuts back to capture Downton Bridge 
stream. 
 

 
Figure 11. Proposed Phase 2b development of drainage. Blue stream cuts back further to capture the Motte Stream. 
 

 
Figure 12. Proposed Phase 2c development of drainage. The blue stream captures the Cophall Hollow Stream. 
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Figure 13. 3D model of Phase 1 (red) to Phase 2(blue) transition for development of drainage within Downton Gorge. 
 
 
evidence within the Vale to suggest a second 
shoreline (Figure 14). 

The inference is, therefore, that Glacial Lake 
Wigmore maintained its level of around 130 m OD 
while a one kilometre long by 20 m deep gorge 
was eroded into the relatively strong calcareous 
siltstone of the Whitcliffe Beds. Indeed, Cross 
(1968) suggested the Lake level was stable long 
enough to create shorelines in the Vale, citing 
examples at Leinthall Starkes which are at an 
elevation of 131 m OD.  

The second inference is that the lake level 
would have fallen relatively quickly once the 
gorge reached the old Burrington Stream channel 
at The Pools, with the flow rates suddenly 
augmented by the lake’s accumulated water. If the 
lake’s surface covered of the order of 20 km2, 
(based on the assumption of a top water level of 
130 m OD and the current profile for the Vale of 
Wigmore (Figure 15) then the extra flow would 
have amounted initially to more than 2,000 million 
litres per 0.1 m drop in lake level. The rate of 
erosion was thus so fast that Phase 2 tributaries 
were left stranded as hanging valleys while the 
gorge was cut deeper in front of them (Figures 16 
and 17). 

CONCLUSIONS 
Compelling evidence for Phase 2 drainage reversal 
comes from the drainage channel geomorphology 
between Downton Bridge and The Pools. Three 
tributaries of the River Teme are presented as 
evidence. From West to East they are: the 
Downton Bridge stream (which joins the Teme at 
Downton Bridge), the “Motte” stream to the NE of 
Downton-on-the-Rock, and the Cophall Hollow 
stream near The Pools. 

If the new drainage reversal theory is correct, 
then Glacial Lake Wigmore would have 
maintained its maximum level of 131 m OD for 
many years as a gorge was eroded across the one 
kilometre long col at The Pools. This would have 
been sufficient for strand lines to have developed 
around the lake margins, as seen at Leinthall 
Starkes. Only once the whole length of the gorge 
was cut could the lake level drop. It is believed that 
the enhanced flow due to the lake drainage which 
followed the breach would have been capable of 
eroding the steep sided gorge through the 
Whitcliffe Beds. In contrast, Cross’s theory of 
breaching would have led to a comparatively rapid 
fall in lake level as the narrow col of Wenlock 
Limestone was eroded away, for which no 
evidence has been identified in the present study. 
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Figure 14. Two alternative hypotheses for draining Glacial Lake Wigmore. 
 

 
 

Figure 15. The extent of Glacial Lake Wigmore with a top water level of 
130 m OD. Downton Gorge is located in the centre towards the top; the 
small arrow centre bottom marks the Aymestrey Gap; Ludlow is in the top 
right. 

Figure 16. Whitcliffe Beds Formation 
exposed in the north face of Downton 
Gorge, 500 metres downstream of Bow 
Bridge by the red arrow in Figure 17. The 
valley above this cliff has been left hanging 
above the level of the Teme beneath. 
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Figure 17. The flattening of slope profiles entering the gorge just north of Downton-on-the Rock parish church. See Figure 16 for a 
picture of the topography at the position of the red arrow, right of section A-B. 
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ANNEX: Interview with Clive Gurney, owner 
of Abbey Court Farm [authors notes in italics] 

Clive Gurney, owner of Abbey Court Farm, has 
extensive knowledge of the Wigmore area, both 
geological and cultural, which he shared with the 
author during an extended interview. 

The rich soil has proven good for dairy farming. 
He described how “the Dutch” [notably Cornelius 
Vermuyden] were employed to drain the fens from 
1620 onwards. Ever since, drainage channels have 
progressively been cut across the Vale from the 
lowest parts of the lake bed around Wigmore to the 
Teme, the other side of the valley. 

Since Clive’s arrival, many of the smaller 
ditches and channels, though still shown on the OS 
maps, have been replaced by underground pipes. 
There have obviously been immense changes to 
the soil structure over the last 300 years, extending 
down to a deep level. 

Clive’s own aerial photos studied using MS 
Virtual Earth show clear signs of old river 
meanders extending just west of the Roman road 
of Watling Street. [Is the age of these meander 
shadows pre-glacial or post-glacial? The Roman 
road was built around 50 AD 
http://www.smr.herefordshire.gov.uk/roman/rom_
hrfds.htm and it is not obvious from aerial photos 
which came first: road or meander.] 

There were two ponds on Abbey Court Farm. 
Clive gave permission to auger near one of them. 

This lies at the lowest point of the valley [SO 416 
700] and is a natural sump. The pond is at least 10 
metres deep and contains peat on the southern side. 
Unless water is continuously pumped away it 
overflows, flooding surrounding fields. Local 
folklore believes this pond was dug to provide an 
additional water source for Wigmore, its supply 
depleted after the lake was drained. [Other local 
people have said this depression may be a kettle 
hole, which would be consistent with the presence 
of peat. The fact that the peat is no longer infilling 
much of the depression may also add weight to the 
story that it had been dug out.] 

Clive described how he would quite often come 
across “white streaks”, usually in layers, in the soil 
excavated by mechanical diggers. These could be 
interpreted as evidence of varves (Figure 18). 

 

 
Figure 18. Smeared sediment recovered by auger from 
one metres depth within the depression at Abbey Court 
Farm; possibly varved lacustrine sediment. 
 
Dr Allan Peacey, an expert on the clay pipe 
industry at nearby Pipe Aston, has been 
investigating pipe kilns that date between 1630 and 
ca. 1830 [www.pipeastonproject.co.uk/main.html]. 
Thus far, no local source of clay suitable for firing 
white pipes has been positively identified. The 
previous owners of Abbey Court Farm understood 
that their predecessors had sold white clays to the 
pipe makers centuries before. [Is it coincidence 
that Clive talks of “the Dutch” draining the lake in 
the 1600s and, contemporaneously, the 
introduction of clay pipe making, for which the 
Dutch were also pioneers?] 
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Field Meeting Report: Glacial Landscapes around Llangadfan, Powys, led by Andrew 
Jenkinson and David Pannett, 16th May 2009 
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JENKINSON, A., PANNETT, D., THOMAS, G.S.P. & ROSENBAUM, M.S. (2009). Field Meeting Report: 
Glacial Landscapes around Llangadfan, Powys, led by Andrew Jenkinson and David Pannett, 16th May 2009. 
Proceedings of the Shropshire Geological Society, 14, 42–46. The relation between bedrock geology and 
landscape has been demonstrated, considered and discussed along the valley of the Afon Banwy, between Llanfair 
Caereinion and Llangadfan, Powys. The Ordovician-Silurian turbidite bedrock has been folded into two broad 
synclines separated by an anticline, partially offset by NW-SE trending faults. The distribution of weak and strong 
sedimentary beds has controlled the etching by erosion of an ancient land surface, widely developed throughout 
central Wales. This basic landscape has been modified by a series of Quaternary ice ages and their aggressive 
glacial and periglacial weathering regimes. 
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INTRODUCTION 
The field excursion, led by Andrew Jenkinson and 
David Pannett, met at the car park besides the light 
railway station at Llanfair Caereinion on May 16th, 
2009 [SJ 106 068]. The purpose was to enable 
members to consider the relation between bedrock 
geology and landscape, focussing particularly on 
the glacial features exhibited in the country 
between Llanfair Caereinion and Llangadfan, 
along the valley of the Afon Banwy which flows 
northeastwards to join the River Vyrnwy. 

There has not been a systematic mapping of the 
geology of this area since the mid Victorian survey 
by the Geological Survey of Great Britain (1855), 
although it should be noted that its successor, the 
British Geological Survey, is currently engaged in 
a major revision to this Sheet. A number of 
specialist academic studies have meanwhile been 
undertaken of adjacent areas, notably by Jones and 
Pugh (for example, Jones, 1955). 

Studies of the Quaternary processes and 
deposits are equally sparse. The most recent 
compilation is the volume edited by Lewis & 
Richards (2005), whose papers demonstrate the 
state of flux concerning our understanding of 
Quaternary events in this region by comparison 
with its predecessor published 35 years earlier 
(Lewis, 1970). Indeed, the importance of the role 
of glaciers in shaping this landscape had only been 

first fully appreciated just over a century earlier 
(Ramsay, 1860). 

Recent work has focussed on the margins of the 
more recent ice sheets (e.g. Thomas, 2005; 
Richards, 2008) and on the broad glacial setting, 
particularly through the implications of thermal 
modelling (Jansson & Glasser, 2005). 

The seminal work of Eric Brown (1960) set the 
scene for the excursion, notably his summaries of 
the topography (revealing the high level planar 
surface extending over much of the region) and the 
broad geological framework, notably the NE-SW 
Caledonian trend. 

GEOLOGICAL SETTING 
The general geology of the Welsh Basin is 
described in the recently published British 
Regional Geology for Wales (Howells, 2007). The 
bedrock of the country between Llanfair 
Caereinion and Llangadfan is dominated by 
Silurian turbidites now revealed as slightly cleaved 
mudstones occasionally grading up into 
sandstones. A zone of coarser clastic sediments 
(Penstrowed Grit Formation) is expressed as a 
prominent ridge, Mynydd Waun Fawr, striking 
SW-NE through the area, including the prominent 
peak of Moel Bentyrch. The bedrock age ranges 
from Ordovician (Ashgill) up to Silurian 
(Wenlock), folded to form broad SW-NE trending 
folds: a pair of synclines (centred on Llanfair 
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Caereinion to the east and Llangadfan to the west) 
with an anticline between, partially offset by NW-
SE trending faults. Current mapping by the BGS 
of Sheet 150 (Dinas Mawddwy) (Schofield, 2009) 
is enabling the stratigraphy to be tied in to the 
newly established succession exposed in Sawdde 
Gorge to the south of the central Wales basin 
(Schofield et al., 2009). 

The extensive planar surface noted at higher 
elevations by Brown (1960) could be readily 
appreciated from the viewpoint at the top of 
Mynydd Waun Fawr (Locality 5, see below). 
However, the reason(s) it developed and its age is 
not so clear. Some believe this is the result of 
relatively recent denudation, perhaps just prior to 
the Quaternary Ice Age (Maddy et al., 2000), 
others feel it dates from the early Tertiary, for 
instance when there was significant uplift prior to 
the rifting and separation of the North American 
continent from Europe (Cope, 1994), or even 
further back when there was perhaps an extensive 
cover of Cretaceous sediments (?possibly the 
chalk) (Stahan, 1902); others believe it could even 
date back to as long ago as St George’s land, the 
zone of elevated ground that separated the marine 
Carboniferous basins in which extensive deposits 
of limestone accumulated some 360 million years 
ago. 

Opinions are strongly presented within the 
specialist literature, but all suffer from a paucity of 
hard evidence. For instance, there is no trace of 
any chalk within Wales. Nevertheless, there are 
traces of deep lateritic weathering at high 
elevations around the margins of central Wales 
(for instance in the Clee Hills of Shropshire and 
the Carboniferous Limestones of Flint and 
Derbyshire) which are suggestive of exposure 
during periods of considerably warmer climatic 
conditions than at present, and a subsequent lack 
of erosion sufficient to have removed this 
evidence. 

More recent geology is controversial too. How 
the glacial ice evolved is far from clear. The 
widespread distribution of moraine across central 
Wales indicates extensive ice coverage but, 
unfortunately, systematic mapping by the BGS has 
not yet resulted in published details of provenance. 
The tendency thus far has been to map glacial 
deposits simply as “boulder clay” (a term now 
superseded by “glacial till”), although it is hoped 
that the mapping currently in progress will help 
redress this situation. 

Glacial modelling (Jansson & Glasser, 2005) 
suggests a complex sequence of ice development 
and retreat has taken place. The nature of any 
evidence is further complicated by the character of 
the ice itself. To main types of ice can develop: 
“cold” ice which is frozen onto the ground, and 
“temperate” ice which can co-exist with water. 
The latter can move much more freely and can 
rapidly develop extensive erosion. In contrast, cold 
ice tends to preserve the pre-existing landscape 
and deposits. However, glacial ice changes its 
character as it grows and wanes, with temperate 
ice beneath the interior of larger ice bodies (largely 
due to trapping geothermal heat) and cold ice 
further out. The margins may well see a return to 
temperate ice, facilitated by the latent heat released 
by the ingress of summer meltwater. 

Whether glacial deposits are laid down and, if 
they are, whether they get preserved, will therefore 
depend on a number of interrelated factors, making 
it difficult to reach broad conclusions that apply 
throughout an area such as the one studied during 
this field excursion. However, clues do exist, and 
these are now outlined in the localities that were 
visited, travelling generally westwards. 

LOCALITY 1: Brynglas Hall [SJ 088 094] 
General roadside view westwards towards the 
prominent ridge of Moel Bentyrch, comprising 
Silurian sandstone of the Penstrowed Grit 
Formation. 

Gaps in the ridge host the present-day river, the 
Afon Banwy, to the WNW (right), and west to a 
dry gap through which the main A458 road runs. 

LOCALITY 2: Pencommins [SJ 081 101] 
Roadside view of thickly bedded Silurian 
sandstone of the Penstrowed Grit Formation 
westwards, towards the right (Moel Bentyrch), 
with the core of the anticline in front (to the east), 
comprising largely Late Ordovician (Ashgill) 
mudstones. Although the line of the ridge ends 
abruptly, there is no indication of faulting shown 
on the current Geological Survey mapping. 

The landscape of the anticline has been sculpted 
to reveal a classic drumlinoid field. 
Characteristically streamlined hills some hundreds 
of metres long, tens of metres wide and metres 
high cover the whole area, their shapes indicating 
glacial ice movement from WSW towards ENE. 
This is consistent with lineations detected on 
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remotely sensed imagery by Jansson & Glasser 
(2005). 

LOCALITY 3: Llanerfyl [SJ 035 103] 
Roadside view of a wide river valley, although its 
width downstream is constricted as it flows 
through a rock gorge to the east. Such lozenge-
shaped valleys are characteristic of central Wales, 
often associated (as here) with distinct valley-side 
terraces. Their formation is thought to be initially 
due to over-deepening by glacial ice followed by 
choking with fluvioglacial sediments. Sometimes 
there is evidence of lake sediments, frequently 
varved, followed by clastic accumulations as deltas 
were deposited by rivers flowing into the lakes, 
subsequently filling them up completely. 

Incision of the former lake sediments by the 
river followed during Holocene times, creating the 
distinctive terraces seen today. Their stratigraphy 
sometimes reveals a close correlation with 
anthropogenic activity, related to land clearance 
and agricultural practice from prehistoric times up 
to the present day (Figure 1). 

 
Figure 1. Terraces alongside the Afon Banwy. Note the 
gravel and boulders in the river bed, indicative of 
fluvioglacial deposition rather than by the present-day 
river. 

LOCALITY 4: Ffridd-y-Drum Forest [SJ 
047 095] 
The car park for forest visitors reveals a small 
exposure of cleaved Silurian mudstone. This 
demonstrates soil creep, probably caused by 
periglacial weathering as movement developed of 
waterlogged surface soil melted by summer thaw 
above bedrock frozen by permafrost. Slow 
downhill movement dragged with it shallower 
bedrock, creating a distinctive downhill curvature 
to the cleaved rock fragments (Figure 2). 

 
Figure 2. Distinctive downhill curvature to cleaved 
Silurian mudstone fragments caused by soil creep, Ffridd-
y-Drum. 
 
The valley floor does not contain a river at the 
present day although clearly it once hosted a major 
water course (Figure 3). This may possibly have 
been initiated as a subglacial river channel or may 
have been developed as an ice-marginal feature, 
probably as the glacier “retreated”, i.e. wasted 
away. 

Drainage is still poor, and the valley hosts a 
medium-sized bog of relatively recent age. 

 
Figure 3. View looking east through the gap at Ffridd-y-
Drum, where the main A458 road cuts through the 
escarpment of thickly bedded Silurian sandstone of the 
Penstrowed Grit Formation. 

LOCALITY 5: Viewpoint above Glynbach 
[SJ 025 076] 

The mountain road leads south past Glynbach 
and up to the top of the ridge of Mynydd Waun 
Fawr. This yields a good vantage point from which 
to appreciate the widespread planar surface of 
upland central Wales and to consider the relative 
merits of the theories concerning its origin, age and 
subsequent development (summarised in the 
introductory paragraphs, above). 

LOCALITY 6: Tynewydd [SJ 025 098] 
Roadside view of the Afon Banwy clearly 
showing a series of terraces and abandoned river 
channels. The debris associated with land 
clearance by Man is manifested as terraces along 
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the valley sides. It may be noted that the sediment 
infilling the abandoned river channels would form 
good targets for pollen analysis to support study of 
the more recent phases of valley evolution. 

LOCALITY 7: Llety Mawr [SH 988 102] 
General views across the valley south and west 
from the farm reveal a series of well preserved late 
glacial landforms. 

Towards the top of the facing hillside of Pen 
Coed may be seen half a dozen nivation hollows 
[SH 987 093]. These are locations where snow 
fields gradually eroded the bedrock at their base 
creating shallow hollows that are now poorly 
drained (Figure 4). 

 
Figure 4. Three nivation hollows along the side of Pen 
Coed, looking south-southwest from Llety Mawr. 
 
Across the main valley floor of Nant Nodwydd 
[SH 980 094] is a series of low banks that appear 
to have been deposited at right angles to the trend 
of the valley. These are thought to be retreat 
moraines deposited as the valley glacier waned for 
the last time. It is unusual for such features to 
survive subsequent erosion and destruction by 
Man through farming practise, so this exposure is 
of particular interest (Figure 5). 

 
Figure 5. Retreat moraines (the largest of which is in the 
centre of the valley; there are several apparently smaller 
ones behind, further up the valley) revealed as grass 
humps transverse to the line of the valley floor of Nant 
Nodwydd, looking southwest from Llety Mawr. 
 
Further evidence for the presence of glacial ice is 
in the form of sediment-choked fractures sub-

parallel to the ground surface revealed in a small 
quarry to the west of the farm [SH 985 100]. These 
may well be glacier fluid injection features (Figure 
6). 

 
Figure 6. Glacier fluid injection features exposed in small 
quarry west of Llety Mawr. 
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ROSENBAUM, M.S. (2009). Field Meeting Report: Geological sites in the vicinity of Telford, led by David C 
Smith, 22nd August 2009. Proceedings of the Shropshire Geological Society, 14, 47–55. A number of geologically 
interesting sites in the vicinity of Telford were visited in order to demonstrate the diversity of features recorded 
within designated RIGS. The sites included: Blockleys Brick Pit (Upper Carboniferous), St George’s Church 
Oakengates (Upper Carboniferous), St Michael’s Church Lilleshall (Cambrian; Upper Carboniferous), Duke of 
Sutherland’s Monument Lilleshall (Uriconian Precambrian; Upper Carboniferous), Colliers Side Quarry 
associated with Lilleshall Limestone Mines (Upper Carboniferous), and Great Bolas (Permian/Triassic 
unconformity). 
 
1Ludlow, Shropshire. E-mail: msr@waitrose.com 

 

INTRODUCTION 
The field excursion, led by David C Smith, met at 
the car park outside Blockleys Brick Pit, Trench 
Lock, New Hadley on August 22nd, 2009 [SJ 6837 
1227]. The purpose was to introduce members to 
the wide variety of geological features outcropping 
in the vicinity of Telford and the role of RIGS 
designation in their recognition and management. 
Many of the sites visited were on private land, 
which means permission is required to access the 
exposures. 

LOCALITY 1: Blockleys Brick Pit, Trench 
Lock, New Hadley [SJ 683 117] 
The visit commenced with an overview of the 
designated SSSI, located in a former working face 
of the quarry [SJ 6830 1180] and now protected 
from further excavation (Figure 1). This is to be 
conserved at the termination of extraction on site. 
The section revealed a typical section through the 
Hadley Formation, at the top of the Middle Coal 
Measures, the local equivalent of the Etruria Marl 
Formation of North Staffordshire. The exposure 
reveals mudstone passing up through a fossil soil 
horizon into a coal seam, possibly associated with 
the overlying Main Sulphur Coal unit of the 
Coalport Formation (Upper Coal Measures). 

The main southern face of the pit was then 
visited, exposing spectacular esplayed sandstone 
horizons and channels for which the site has been 
designated as a RIGS [No. 838; SJ 6845 1175] 
(Figure 2). The thickness of Upper Carboniferous 
Hadley Formation sediments exposed is 

approximately 34 metres. The mudstone is mainly 
purple-brown, in places mottled. Sharp erosional 
bases can be seen cutting into the underlying 
mudstone reflecting channelling by flood waters 
from a relatively close upland source (Figure 3). 
The rock is Etruria-type mudstone with espleys, 
which comprise a fine conglomerate with angular 
fragments of Uriconian igneous material, feldspar, 
sandstone and shale clasts in a matrix of angular 
coarse sand (Figure 4). Espleys are lenticular 
channel-fill deposits, 30-40 m wide and commonly 
aligned NW/SE. Overlying the Hadley Formation 
are grey mudstones representing the seat earth of 
the Main Sulphur Coal. 

The sediments here are representative of 
alluvial fans at the margin of a basin of deposition 
(Figure 5). Such marginal deposits in the Hadley 
Formation are virtually confined to this part of 
Telford. This site is the only one where they can be 
clearly demonstrated and is thus of outstanding 
importance for interpreting the geological history 
of the Late Carboniferous in Britain. 

The characteristic orange colour of water 
draining from the deeper levels of the pit were 
discussed. They are the result of bacterial growth 
within acid mine water flowing from abandoned 
shafts (over twenty of which have been 
encountered within the pit). The oxidation of iron 
pyrites within the Coal Measures mudstones is 
responsible for the acidity. Two mine water issues 
could be seen discharging direct into the drainage 
channels. 
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Figure 1. The designated SSSI at Blockleys Brick Pit located in a former working face of the quarry [SJ 6830 1180] and 
now protected from further excavation. The section reveals a typical section through the Hadley Formation (the local 
equivalent of the Etruria Marl Formation) at the top of the Middle Coal Measures, exposing mudstone passing up through a 
fossil soil horizon into a coal seam (thin black bed; top right). 
 

 
Figure 2. The main southern face of Blockleys Brick Pit [SJ 6845 1175], exposing spectacular esplayed sandstone horizons 
and channels for which the site has been designated as a RIGS [No.838]. 
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The now disused part of the workings between 
Hadley Road and the main railway line were then 
visited [SJ 680 116]. This has recently been 
backfilled and, once compaction has stabilised, 
will be developed for new housing. The party was 
able to see the settlement and pore water pressure 
monitoring devices. It was also able to appreciate 
the on-going influence of groundwater. This was 
seen flowing into the site beneath the cover of 
superficial glacial sediments, causing spring 
sapping and gulley erosion, and from deep within 
the Coal Measures, rising through fissures and old 
mine workings into the deeper levels of the site 
(Figure 6). 
 

 
Figure 3. The main southern face of Blockleys Brick Pit 
[SJ 685 117], exposing a pale grey esplayed sandstone 
channel. 
 

 
Figure 4. Polymict conglomerate characteristic of the 
sediment within the esplayed sandstone channels such as 
shown in Figure 3. 
 

 
Figure 5. Sun cracks and red oxidised iron colouration 
within mudstones of the Hadley Formation, typical of 
alluvial sedimentation. 

 

 
Figure 6. The now disused part of the workings between Hadley Road and the main railway line [SJ 680 116]. The on-
going influence of groundwater can be appreciated with seeps flowing into the site beneath the cover of superficial glacial 
sediments, causing spring sapping and gulley erosion. Water inflow is also occurring from deep within the Coal Measures, 
rising through fissures and old mine workings into the deeper levels of the site. 
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LOCALITY 2: St George’s Church, east of 
Oakengates [SJ 7093 1090] 
A chance finding of a cone-in-cone specimen at 
Locality 1 (Figure 7) and coincidence with 
lunchtime led the group next to a lunch stop by St 
George’s Church, conveniently located next to the 
cricket ground where a match was in play! St 
George’s Church was erected in 1861 as a 
monument to the 2nd Duke of Sutherland. Newman 
& Pevsner (2006) states that the church building 
stone was sourced from Sutherland’s own quarries 
at Lilleshall, using limestone, repeating the view 
by Scard (1990). However, the group found that all 
the external rubble stonework was of sandstone, 
not limestone, largely typical Upper Carboniferous 
brown sandstone with dressings of Permian 
Grinshill Sandstone. Careful reading of Pevsner 
suggests that the limestone may be used internally, 
but this could not be confirmed since the building 
was locked at the time of the visit. 

However, the main reason for visiting St 
George’s was because of the decorative use of 
Coal Measures nodules along the top of the church 
boundary wall, facing the main road (Figure 8). 
These have been recovered from underground 
coalmine workings and display very well 
preserved cone-in-cone structures. These 
enigmatic features have an appearance similar to a 
stack of narrow ice-cream cones, both in section 
and in plan (Figures 9 and 10). They exhibit clear 
chatter marks along the sides, indicating episodic 
growth. Along their base is often found a red chert 
nodule. Their formation is thus associated with 
early (diagenetic) growth of siliceous nodules 
within the mud. As overburden stress increased so 
the nodules were able to concentrate the 
overburden load. Although the nodules were 
strong enough to support the weight, the nearby 
mudstone was not and began to fail, creating the 
characteristic cone structures. Such phenomena 
can be reproduced in rock mechanics testing as 
drilled rock cores are loaded to failure. The cone 
angle is a function of the cohesion and frictional 
properties of the rock strength. 

 
Figure 7. Cone-in-cone structures found within the 
Hadley Formation at Blockleys Brick Pit [SJ 685 117]. 
Note the red chert nodule at the base. 
 

 
Figure 8. Decorative use of Coal Measures nodules along 
the top of the church boundary wall, St George’s, 
Oakengates. These have been recovered from 
underground coalmine workings and display very well 
preserved cone-in-cone structures. 
 

 
Figure 9. Plan view of cone-in-cone structures, St 
George’s, Oakengates. 
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Figure 10. Side view of cone-in-cone structures, St 
George’s, Oakengates. 

LOCALITY 3: St Michael’s Church, 
Lilleshall [SJ 7285 1530] 
The old settlement of Lilleshall is founded on an 
outcrop of Cambrian Comley Sandstone. 
However, this is only poorly exposed at the edge 
of the tarmac by the roadside, just southeast of the 
churchyard [SJ 7288 1526] where it was seen to be 
a brown sandstone with a distinct greenish hue, 
possibly due to glauconite (indicating shallow 
water deposition) (Figures 11 and 12). Although 
not visited on this occasion, a slightly larger 
exposure is known to occur within a bank by the 
footpath just to the northwest, and has been 
designated as a RIGS [No.908; SJ 7275 1535]. 

The building stone for St Michael’s Church 
comprises red and buff sandstones of Upper 
Carboniferous age. One type of buff sandstone 
drew particular attention, several blocks of which 
contained prominent elongated white crystals. 
Close examination revealed these to be of barytes 
(Figures 13 and 14). The overall appearance of the 
sandstone was reminiscent of the Big Flint Rock, a 
thick non-marine sandstone unit. The occurrence 
of barytes is also seen within the younger Permian 
sandstones such as at Grinshill, and is likely to be 
the result of groundwater circulating through the 
bedrock at the margins of the saline basin 
developed hereabouts during the Permo-Triassic. 

 
Figure 11. Cambrian Comley Sandstone poorly exposed 
at the edge of the tarmac by the roadside, just southeast of 
St Michael’s churchyard, Lilleshall [SJ 7288 1526]. 
 

 
Figure 12. Close-up view of Comley Sandstone at 
exposure in Figure 11. 
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Figure 13. Block of buff sandstone of Upper 
Carboniferous age, reminiscent of the Big Flint Rock, in 
the wall of St Michael’s Church, Lilleshall, containing 
prominent elongated white crystals of barytes. 
 

 
Figure 14. Close-up view of barytes in Figure 13. 

LOCALITY 4: The Duke of Sutherland’s 
Monument, Lilleshall [SJ 729 158] 
The Duke of Sutherland’s Monument is a 21 m 
high local landmark which stands on top of 
Lilleshall Hill, erected in honour of the 1st Duke of 
Sutherland, in 1839. The Monument itself is 
constructed of Upper Carboniferous (Middle Coal 
Measures) sandstone (Figure 15), said to have 
been quarried at Red Lake, east of Ketley, Telford 
[SJ 685 107], from which transport would have 
been possible throughout by canal. 

The Monument is founded on a rocky 
promontory created by an inlier of Precambrian 
(Uriconian) felsic tuffs of albite-bearing rhyolite. 
These volcanic ashes are generally thinly bedded, 
indicating deposition in water from pyroclastic fall 
deposits ejected from a nearby volcano, probably 
in an island arc setting. Some units are more 
thickly bedded and show signs of autobrecciation 
(Figure 16). The volcanics have since been 
metamorphosed to create a strong flint-like rock, 

but a crude E-W cleavage is apparent in some 
exposed faces. 

These volcanics represent the most northerly 
Uriconian rocks outcropping along the Church 
Stretton Fault System, and the hill has been 
designated as a RIGS [No.910; SJ 729 158]. 

 

 
Figure 15. Block of Upper Carboniferous (Middle Coal 
Measures) sandstone, part of the plinth for the Duke of 
Sutherland’s Monument, Lilleshall. 
 

 
Figure 16. Autobrecciation of rhyolite tuff within the 
Uriconian inlier of Lilleshall Hill; bedding is steeply to 
the left. 

LOCALITY 5: Colliers Side Quarry, 
Lilleshall [SJ 735 165] 
Lower Carboniferous limestones of Tournasian 
(Lower Dinantian) age occur in a faulted inlier that 
dips steeply east, north of the village of Lilleshall, 
in an area locally known as “the Slang”. These 
beds were extensively worked for limestone for 
iron smelting and mortar production in the 18th and 
earlier part of the 19th centuries, but a major 
groundwater incursion in 1860 effectively closed 
the workings. The steep dip meant that workings 
had to be developed underground, on the pillar and 
stall system, leaving pillars approximately 9 m 
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square supporting cavities between some 9 m 
across. Workings extended to depths in the region 
of 75 m below ground level. 

The group visited the open quarry workings at 
Colliers Side, subsequently deepened by 
underground extension down the dip of the 
limestone beds. However, it should be noted that 
the quarry is now partially flooded, the water is 
deep, the rock faces have large overhangs in an 
unsafe state, and vegetation is dense, making the 
area quite dark and dangerous. Nevertheless the 
exposures are important since these represent the 
only Tournasian limestones in the region, and thus 
this part of the quarry has been designated as a 
RIGS [No.911; SJ 734 165]. The exposure reveals 
nodular (concretionary) micritic limestones with 
thin red mudstone partings. 

Limestone exposures in situ are otherwise poor, 
limited to small scrapings along roadsides and 
within private gardens (Figure 17). 

Extracted blocks of limestone have been 
employed for building stone and garden ornaments 
around the village. Occasionally other local 
lithologies have been used. A notable curiosity is 
rosettes of barytes within sandstone, of quite 
different habit to the barytes seen in the wall of St 
Michael’s Church (Figure 18, cf. 13 & 14). 

The underground workings beneath the village 
were in a parlous state when investigated in the 
early 1990s and thus a major remediation project 
was undertaken in 1995-96 to backfill them with 
industrial waste (crushed PFA and cement). A 
monument commemorating these works stands by 
the bus shelter [SJ 7319 1570] (Figures 19 and 20). 

 

 
Figure 17. Exposure in situ of rubbly limestone from the 
Jackie Parr Limestone Formation in a garden wall, 
Lilleshall. 
 

 
Figure 18. Large rosette of barytes employed as an 
ornamental feature in a garden wall, Lilleshall. 
 

 
Figure 19. Block of coral-bearing Tournasian Limestone 
extracted from the nearby mineworkings, now standing by 
the bus shelter in Limekiln Lane, Lillehall. The block 
commemorates the backfilling of the mine voids 1995-96. 
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Figure 20. Close-up view of corals within Tournasian 
Limestone block shown in Figure 19. 

LOCALITY 6: Great Bolas [SJ 644 211] 
To the north of Telford, on the southern bank of 
the River Tern, is exposed a dramatic, highly 
irregular, contact between Permian and Triassic 
sandstones. 

The contact itself is characterised by a white 
cemented (probably calcareous) conglomerate 
which rests on a highly irregular eroded surface, 
possibly the wall of a former wadi, cut into the 
lower aeolian Bridgnorth Sandstone Formation 
(Figures 21 to 24). The alluvial cross-bedded, 
channelled sandstones above belong to the 
Kidderminster (Pebble Bed) Sandstone Formation. 
This site has been designated as a RIGS [No.1380; 
SJ 644 211]. 
 

 
Figure 21. Permian/Triassic unconformity exposed at 
Great Bolas. This is the section published as Figure 13 by 
Hull (1869, p.36). 
 

 
Figure 22. Permian/Triassic unconformity exposed at 
Great Bolas, at approximately the same locality shown in 
Figure 21. Alluvial cross-bedded, channelled sandstones 
above belong to the Kidderminster (Pebble Bed) 
Sandstone Formation, overlying the aeolian Bridgnorth 
Sandstone Formation beneath. 
 

 
Figure 23. Close-up view of Triassic calcareous 
conglomerate infilling a wadi eroded in Permian aeolian 
Bridgnorth Sandstone at Great Bolas. 
 

 
Figure 24. Detailed view of the Triassic calcareous 
conglomerate infilling the wadi shown in Figure 23, 
revealing a variety of well rounded pebbles of diverse 
lithology. 
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