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The ground beneath our feet: 200 years of geology in the Marches 
 

Michael Rosenbaum1 
 

 
ROSENBAUM, M.S. (2008). The ground beneath our feet: 200 years of geology in the Marches. Proceedings of 
the Shropshire Geological Society, 13, 1–4. One hundred and forty geology enthusiasts from across the country 
gathered in Ludlow on Thursday 13th September 2007 to celebrate the 200th anniversary of the world's oldest 
geological society, and just over 175 years since the visit by Sir Roderick Impey Murchison, who is generally 
acknowledged as the person who unravelled the “Transition” rocks, those beneath the Coal Measures that hitherto 
had defied scientific description. 

The sessions began by showing how important the ground is to the economic prosperity of the region, ranging 
from its influence on agriculture, through provision of building stones from Whitcliffe and Bromfield, to the 
winning of minerals such as iron, copper and coal on Clee Hill. There is also an intrinsic interest in the evolution 
of life, for which Ludlovian rocks are world famous, for instance the Ludlow Bone Bed. 
 
1Ludlow, UK. E-mail: msr@waitrose.com 

 

BACKGROUND 
Rocks represent our main source of evidence for 
interpreting the past, and the Marches include 
representatives from all twelve internationally 
recognised periods of geological history, from the 
Precambrian to the Holocene, spanning 700 
million years of earth history. Included within 
these are four which were defined on the basis of 
the evidence discovered here: Cambrian, 
Ordovician, Silurian, Devonian, and a fifth, the 
Permian, was subsequently defined on the basis of 
techniques first worked out in the region. 

Our current level of understanding of the 700 
Ma evolution of the Marches is based upon 
detailed evidence acquired through diligent 
collecting and recording by generations of 
enquirers. Its interpretation is due to the skills that 
geologists are able to employ to read it. However, 
many questions remain unanswered, awaiting 
discovery of new facts and interpretation, or re-
interpretation, as new ideas emerge. 

IMPACT OF GEOLOGY ON SOCIETY 
The impact of our understanding of the ground on 
the lives of those who live in the area is 
considerable. The industrial revolution began here, 
with ironstone nodules brought down from Clee 
Hill to be smelted at Burrington using charcoal. 
This was followed in Broseley and Coalbrookdale 
by ironstone and limestone being fired with coal 

and an upsurge in industrial output along the banks 
of the River Severn in Ironbridge Gorge. Mineral 
extraction is still active, nowadays primarily for 
construction and roadstone; the groundwater is a 
major concern both to domestic consumption and 
agriculture; the landscape attracts tourism, 
arguably now the most important source of 
income, and its configuration determines the 
potential for sustainable development of the 
region. 

PUBLIC UNDERSTANDING OF 
GEOLOGICAL SCIENCE 

On a local level, the public understanding of 
geological science has been developed most 
notably by the work of the late John Norton, who 
had a remarkable gift for encouraging youngsters 
to take an interest in the ground around them. This 
has been one of the reasons that the area has been 
portrayed as “The Geological Capital of the UK” 
(quoting the Wikipedia entry for Shropshire). 

Ludlow has seen large gatherings of geologists 
in the past. Perhaps the most recent such event was 
the visit by delegates attending The Murchison 
Symposium organised by the Palaeontological 
Association at Keele in 1989, whose papers were 
subsequently published (Bassett et al., 1991). The 
photograph of the assembled company (Figure 1) 
features several speakers who also presented at the 
2007 symposium! 
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Figure 1.  Delegates attending the field excursion which followed The Murchison Symposium organised by the 
Palaeontological Association at Keele, assembled on Whitcliffe Common overlooking Ludlow on 4th April 1989. The 
photograph features several speakers who also presented at the 2007 symposium, including David Lloyd (then Mayor of 
Ludlow) on the extreme right. Photograph courtesy of David Lloyd. 
 
Many have felt that the role of the region in the 
development of geological science should be 
reflected in the Bicentennial Celebrations of the 
Geological Society of London. A number of 
organisations in the Marches therefore agreed to 
collaborate to run a festival to celebrate the 
Society’s 200th anniversary. 

The one-day symposium in Ludlow lay at the 
centre of this Festival, on the theme of “The 
ground beneath our feet: 200 years of geology in 
the Marches”. The invited speakers for this event 
have a special interest in the geology of the 
Marches and their contributions will provide 
authoritative and up-to-the minute accounts of 
their specific fields. These are intended to appeal 
to the curious public as well as the committed 
geologist and focused on five themes of general as 
well as regionally significant interest. There were 
five themes: 
• The mark of distinction: local character 

shaped by landscapes and building stones 
• The Marches in the past: on the edge of a 

lost ocean 

• Geology in the community: evolving 
perceptions and realities 

• The Ice Age: on the edge of a glacier 
• The future for geology in the Marches 

 
The papers in this volume of the Proceedings have 
arisen from the presentations at the one-day 
symposium in Ludlow, and are arranged in the 
order that they were presented, addressing each of 
these five themes; details are given in the Annex. 

ACKNOWLEDGEMENTS 

The year 2007 saw a number of anniversaries of significance 
to the geology of the Marches: 
• the 200th anniversary of the Geological Society of 

London 
• the 175th anniversary of Murchison's epic visit to the 

area that led to publication of The Silurian System. 
• the 150th anniversary of the Geologists' Association 

 
The Marches Festival of Geology was developed in 
celebration of these anniversaries, brought together by a 
number of organisations in the region, including: 
• Herefordshire Heritage Service (HHS) 
• Hereford & Worcester Earth Heritage Trust (EHT) 
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• Ludlow Museum Resource Centre (LMRC) 
• Ludlow Research Group (LRG) 
• Shropshire Geological Society (SGS) 
• West Midlands Regional Group of the Geological 

Society of London (WMRG) 
• Woolhope Naturalists' Field Club Geology Section 

(WNFC) 
 
The papers in this volume of the Proceedings arose from the 
presentations at the one-day symposium on Thursday 13th 
September 2007 which formed the core event of the Marches 
Festival of Geology, and was hosted by the Shropshire 
Geological Society in association with the West Midlands 
Regional Group of the Geological Society of London. 
 
A series of GeoTrails was also prepared, in part to support 
workshops and fieldtrips for the Festival, and in part as self 
discovery guides. These are available in digital form on-line 
(details below) and include: 
• in front of the last glacier in South Shropshire 
• the landslides of Ironbridge Gorge 
• a revision to the Teme Bank Trail (the first edition is 

still available as a printed leaflet from the Ludlow 
Museum Resource Centre) 

• a reprinting of the Mortimer Forest Trail, originally 
prepared by Jim Lawson 

• the building stones of Ludlow 
 
Details are on the Society web site: 
http://www.shropshiregeology.org.uk/SGSpublications 

REFERENCE 
Bassett, M.G., Lane, P.D. & Edwards, D. (eds) 

(1991). The Murchison Symposium: 
proceedings of an international conference 
on The Silurian System. Special Papers in 
Palaeontology, 44, 1–397. 

ANNEX: SYMPOSIUM PROGRAMME 

Thursday 13th September 2007 
 
09.00-09.15 Registration at Ludlow Assembly 
                       Rooms. Tea/coffee available. 
09.15-09.45 Welcome Address 
09.45-11.00 Session 1. 
11.00-11.30 tea/coffee 
11.30-12.45 Session 2. 
12.45-13.45 lunch 
13.45-15.00 Session 3. 
15.00-15.30 tea/coffee 
15.30-17.00 Sessions 4 & 5. 
17.00-17.15 Closing Address. 

The structure allowed for two half-hour presentations in 
each session. The general initial intention was that this 
format be used to invite pairs of speakers on each of five 
topics, one with a national reputation and the other a local 

expert, subject to availability. Each session was chaired 
by someone from each of the supporting organisations. 
 
The Opening Session/Welcome Address was given by 
Dr Peter Toghill (SGS – “Marches Geology for All - an 
introduction to 700 million years of earth history in 
Shropshire and Herefordshire”) 
Chair: Professor Michael Rosenbaum 
 
Session 1 “The mark of distinction: local character shaped 
by landscapes and building stones” 
Dr David Lloyd MBE (Chair of the Ludlow Historical 
Research Group – “local character shaped by 
landscapes”) 
Andrew Jenkinson (SGS – “From the Ground, Up: 
vernacular building stones in a border landscape”) 
Chair: Colin Richards (South Shropshire District Council) 
 
Session 2 “The Marches in the past: on the edge of a lost 
ocean” 
Dr Robin Cocks OBE (NHM and President of the GA – 
“Palaeogeography of the Lower Palaeozoic”) 
Prof David Siveter (Leicester Univ – “the Herefordshire 
Lagerstätten”) 
Chair: Chris Rayner (SGS) 
 
Session 3 “Geology in the community: evolving 
perceptions and realities” 
Harriett Baldwin and Philip Dunne MP (Member of 
Parliament for Ludlow - “Geology in the community: 
evolving perceptions and realities”) 
Prof Hugh Torrens (Keele Univ – “Geological pioneers in 
the Marches: from Robert Townson (1799) to Roderick 
Murchison (1839)”) 
Prof Rod Stevens (Gothenburg Univ, Sweden – 
“Challenges for the geoscientist: an international 
perspective”) 
Chair: Dr Paul Olver (WNFC) 
 
Session 4 “The Ice Age: on the edge of a glacier” and 
“The future for geology in the Marches” 
Adrian Collings led a remembrance of Dr Peter Cross 
David Pannett (SGS – “the Ice Age legacy in North 
Shropshire”) 
Dr Andrew Richards (EHT – “Glaciation and drainage 
evolution in the southern Welsh Borderland”) 
Chair: Adrian Collings (WMRG) 
 
Sessions 5 “The future for geology in the Marches” 
Prof John Dewey (UC Davis, California – “Future 
avenues of research in the Welsh Borderland, with 
particular reference to plate tectonics”) 
Dr David Schofield (BGS Regional Geologist – “The 
future for geology in the Marches: a BGS perspective”) 
Chair: Professor Michael Rosenbaum 
 
The Closing Address was given by Lawrence Banks 
CBE (Great Grandson of Richard William Banks who 
hosted Murchison at Hergest Croft on his epic visits to the 
Marches) 
Chair: MSR 
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Posters 
The strategy to further encourage local participation was 
to invite poster displays, which encouraged contributions 
by a number of individuals, community organisations and 
amateur geology groups, and provided a public outlet for 
the facilities run by the County Museum Services. 
 

 
Copyright Shropshire Geological Society © 2008. 
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Some words of welcome by the organising societies 
 

Chris Rayner1 and Adrian Collings2 
 

 
RAYNER, C. & COLLINGS, A. (2008). Some words of welcome by the organising societies. Proceedings of the 
Shropshire Geological Society, 13, 5–7. Welcoming addresses by the Chairs of the Shropshire Geological Society 
and the West Midlands Regional Group of the Geological Society of London, the national society for geoscience 
in the United Kingdom. 

A reception following the symposium was kindly hosted by the Friends of Ludlow Museum in the Castle 
Square site, and the votes of thanks were given beneath the very drawing that Murchison had prepared for his own 
lecture in the town, in 1854 to the Ludlow Natural History Society. 
 
1Cressage, Shropshire, UK. E-mail: chris.rayner@virgin.net 
2Birmingham, UK. E-mail: adrian.collings@arup.com 

 

SHROPSHIRE GEOLOGICAL SOCIETY 
On behalf of the Shropshire Geological Society, 
Chris Rayner (Chair) said that it was humbling and 
yet a great delight that a mere 28 year old would 
be hosting this symposium celebrating the 200th 
anniversary of the Geological Society of London 
and also the 150th of the Geologists’ Association. 
She referred, of course, not to the age of the Chair 
but to the Shropshire Geological Society which 
was formed in 1979, growing out of an evening 
class in Shrewsbury led by Dr. Peter Toghill. The 
Society, with Dr Toghill (one of the contributors to 
this symposium) as its first chairman, had been 
established to bring together people with a 
common interest in geology, with particular 
reference to the varied and stimulating rocks and 
landscapes of our beautiful county. 

Throughout the 28 years, Society members had 
enjoyed lectures and field excursions as well as 
being involved in a range of specific projects, 
appealing to both amateur and professional 
geologists alike. Today the Society had about 75 
members and, since moving into the new century, 
had undergone an evolutionary leap forward! 

The first major undertaking was to identify, 
designate and record our Regionally Important 
Geological Sites (RIGS), an exciting yet lengthy 
task in Shropshire where there are so many 
potentially important sites (Figure 1). These vary 
from small stream exposures containing obscure 
but very important stratigraphic markers, to large 
quarries with obvious fossils or structures, to ‘in 
your face geology’ that can be seen for miles 

around. While recording is an ongoing process, 
over 300 RIGS have been designated so far. 

 
Figure 1.  An outline map of Shropshire showing the 
distribution of RIGS localities that may be viewed or 
accessed from public rights of way. Greater detail may be 
obtained using ShropMap (see Annex for details). 
 
Next came a joint project with the Shropshire 
Wildlife Trust called ‘the Shaping of Shropshire’. 
Since then successful bidding for grants has 
enabled the Society to carry out a variety of 
projects including a South Shropshire stone roofs 
survey in partnership with English Heritage, and 
Geodiversity Management Plans for four key sites 
supported by the Aggregates Levy Sustainability 
Fund. The latter provided the basis for a new series 
of Geological Trails specifically to increase 
awareness of how rocks make the landscape.. 
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Eight have been prepared to date, some of which 
are supported by detailed field guides published in 
the Society’s Proceedings. 

The year 2007 has seen the Society’s website 
flourish and even greater efforts to promote wider 
interest in geology amongst the general public. 
Conscious that our subject, although fascinating to 
‘insiders,’ could be perceived as specialised, 
difficult and even boring to those who don’t speak 
the language, the Society is trying at events 
throughout the county to increase awareness and 
improve appreciation with display material and 
user-friendly activities for adults as well as 
children.  

Most recently the Shropshire Geological 
Society in co-operation with the County Council, 
Museums Service, and the Wildlife Trust has 
compiled a Geodiversity Action Plan to help 
protect, promote, enhance and explain 
Shropshire’s wonderful geological heritage. The 
Society hopes this will further enlarge its vision, 
make it more aware of the treasures of the past and 
shape its future efforts to conserve, to encourage 
research, and also to enlighten, to educate and to 
excite. The Plan was first announced publicly and 
made available at this symposium (French, this 
volume). All this and more has been master-
minded by the Society’s Projects Officer, Andrew 
Jenkinson, with the help of a group of hard-
working member-volunteers.  

In addition, within the West Midlands and the 
Welsh Marches, the Society has been working 
with the Geology Trusts, UKRIGS and the 
Geologists’ Association to promote the 
geodiversity agenda regionally.  

There is another important geological 
anniversary this year! It is just over 175 years since 
Murchison first visited the Marches and used his 
observations here as the basis for subsequently 
publishing his classic work, The Silurian System, 
thereby laying the foundations for our current 
understanding of Lower Palaeozoic earth history. 
So it is appropriate that the various geological 
organisations within the region have come together 
to promote the Marches Festival of Geology and 
the Symposium taking place in Ludlow. 

On behalf of all those involved in the planning 
and organising of the Symposium and Festival as a 
whole, the Chair extended a warm welcome to all 
who attended and hoped the day would be 
memorable and enjoyable as well as of lasting 
benefit to the local community. 

WEST MIDLANDS REGIONAL GROUP OF 
THE GEOLOGICAL SOCIETY OF 

LONDON 
On behalf of the West Midlands Regional Group 
of the Geological Society of London, Adrian 
Collings (Chair) said that the Geological Society 
of London (established in 1807) is the national 
society for geoscience in the United Kingdom. 

The West Midlands Regional Group (WMRG) 
is one of thirteen Regional Groups inherited from 
the former Institution of Geologists, each of which 
represents the Society in its respective region, 
organises meetings of geoscientific and 
professional interest, and deals with matters related 
to professional training for Geologists. The first 
meeting of the WMRG took place on the 24th 
March 1977. 

The Group continues to provide a local forum 
where professional geologists, academics and 
interested amateurs, can consider and discuss 
scientific and technical issues, and also meet 
outside the workplace. This currently focuses on a 
programme of evening talks between September 
and April, covering a broad spread of subjects 
ranging from the local, such as Landslips in 
Telford, through policy, such as the Landfill 
Directive, to global, such as a review of the 
geohazards related to the Asian Tsunami. 

ACKNOWLEDGEMENTS 

The Chairs, on behalf of their respective organisations, 
expressed their appreciation to the Steering Group which had 
brought together the programme for the Marches Festival of 
Geology and the organising committee for the symposium 
itself. This had involved a large number of volunteer 
members, registering delegates, ushering, setting up the poster 
displays and the sales stands, facilitating the information 
technology elements and liaising with the venue, the Ludlow 
Assembly Rooms, and its caterers. 
 
A reception following the symposium was kindly hosted by 
the Friends of Ludlow Museum in the Castle Square site, and 
the votes of thanks were given beneath the very drawing that 
Murchison had prepared for his own lecture in the town, in 
1854 to the Ludlow Natural History Society. 
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ANNEX: HOW TO DISPLAY RIGS 

The RIGS information for Shropshire is hosted by the County 
Council’s corporate GIS on behalf of the Shropshire 
Geological Society. This may be accessed by the general 
public using ShropMap, as shown below. 
 
Please be aware that the display of a site on these maps does 
not necessarily indicate public access. 
 
ShropMap currently displays all those RIGS sites where there 
is public access or the landowners have given their 
permission for visits. However, prior permission should 
always be sought when wishing to visit private land. Be 
aware that Shropshire is a rural county and that a landowner’s 
livelihood often depends on successful farming. This may 
mean that permission to visit may be withheld at particular 
times of the year, for instance when animals are about to give 
birth or crops are at a sensitive stage of development. You 
must respect the landowners’ wishes and at all times follow 
the Countryside Code. 
 
To view RIGS localities on ShropMap, enter the URL: 
http://193.132.103.52/website/shropmap/viewer.htm?Service
=Environment 
 
• Wait for the County map to be displayed and then click 

the label <Regionally Important Geological and 
Geomorphological Sites> on the right hand side of the 
screen; its tick-box should then be activated and the 
background will turn yellow. 

• Unclick the other options, like <Household Recycling>. 
• Next click the symbol for <Show Details> at the 

bottom, turning its background yellow, and then click 
the site of interest on the map. 

• You can <Zoom In> to see localities at whatever level 
of detail you wish. 

• Once ‘in focus’, the details of each RIGS can be viewed 
by clicking on the desired location on the map. 
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An introduction to 700 million years of earth history in Shropshire and Herefordshire 
 

Peter Toghill1 
 

 
TOGHILL, P. (2008). An introduction to 700 million years of earth history in Shropshire and Herefordshire. 
Proceedings of the Shropshire Geological Society, 13, 8–24. The beautiful landscape of the Welsh Marches is 
underlain by a rock sequence representing 10 of the 12 recognised periods of geological time. This remarkable 
variety, covering 700 million years of Earth history, has resulted from the interplay of three main factors: (1) 
erosion and faulting which have produced a very complex outcrop pattern; (2) southern Britain's position near to 
plate boundaries through most of late Precambrian and Phanerozoic time; and, most importantly, (3) the incredible 
12,000 km, 500 million year, journey of southern Britain across the Earth's surface from the southern hemisphere 
to the northern, caused by plate tectonic processes. 
 
1Church Stretton, Shropshire, UK. E-mail: p.toghill@bham.ac.uk 

 

BACKGROUND 
This paper set the geological scene for the one-day 
symposium at Ludlow forming the centrepiece of 
the 2007 Marches Festival of Geology. However, 
this is not the place to provide a detailed 
description of the geology of Shropshire per se, for 
which the reader is referred to Peter Toghill’s 
Geology of Shropshire (2006), thereby to benefit 
from the author’s detailed knowledge of the local 
geology. 

The beautiful landscape of the Welsh Marches 
is underlain by a rock sequence representing ten of 
the twelve recognised periods of geological time 
(10 out of 13 if the Tertiary is subdivided into two 
periods). This remarkable variety, covering 700 
million years of Earth history, has resulted from 
the interplay of three main factors: (1) erosion and 
faulting which have produced a very complex 
outcrop pattern; (2) southern Britain's position near 
to plate boundaries through most of late 
Precambrian and Phanerozoic time; and, most 
importantly, (3) the incredible 12,000 km, 500 
million year, journey of southern Britain across the 
Earth's surface from the southern hemisphere to 
the northern, caused by plate tectonic processes 
(Figures 1, 2, 3 & 4). 

 
Figure 1.  Geological map of Shropshire. Only the major 
faults are shown. Most information based on British 
Geological Survey 1:250,000 Series Map, Solid Geology, 
Mid-Wales and Marches, 1990, by permission of the 
British Geological Survey, copyright permit IPR/51-03C. 
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Figure 2.  Structural Geology of Shropshire. Most 
information from British Geological Survey 1:250,000 
Series Map, Solid Geology, Mid-Wales and Marches, 
1990, by permission of the British Geological Survey, 
copyright permit IPR/51-03C. 
 

 
Figure 3.  Movement through latitudes of the continents 
and micro continents that included parts of Britain, from 
late Precambrian to the present day. The orange line 

shows Shropshire’s incredible journey of 12,000 km in 
500 million years. Redrawn with permission from data in 
Woodcock and Strachan, Geological History of Britain 
and Ireland, Blackwell Science, 2000, p.30, Fig. 2.7. 
Chapter 3. 
 

 
Figure 4.  Sequence of sedimentary and volcanic rocks in 
Shropshire (“stratigraphic column”) and main periods of 
earth movements. Intrusive igneous rocks not shown. © 
Copyright 2006 Peter Toghill 
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The story begins on the northern margins of 
Gondwana, around 60 degrees south of the equator 
ca. 600 million years ago (Figures 5 & 6). 
 

 
Figure 5.  Late Precambrian palaeogeography. (a) 
Vendian supercontinent showing positions of Cadomian 
Volcanic Arc and continental split from Iapetus Ocean; 
(b) formation of early Iapetus Ocean. Redrawn with 
permission from data in Woodcock and Strachan, 
Geological History of Britain and Ireland, Blackwell 
Science, 2000, p.25 and 26, Figs. 2.4b and 2.5a. 
 

 
Figure 6.  Late Precambrian plate tectonics. Formation of 
Rushton Schists and Primrose Hill Gneisses and Schists, 
and formation of pull-apart marginal basin bounded by 
the Welsh Borderland Fault System including Church 
Stretton and Pontesford-Linley Faults. © Copyright 2006 
Peter Toghill 
 
A late Precambrian basement of metamorphic 
rocks and igneous complexes, now exposed as the 
Rushton Schists of Shropshire and the igneous 
rocks of the Hanter and Stanner Hills in 
Herefordshire, was split apart around 600 million 

years ago (Ma) to form a marginal basin bounded 
by faults now called the Welsh Borderland Fault 
System. The most famous of these faults, the 
Church Stretton Fault, together with its partner 
further west, the Pontesford-Linley fault, would 
have a profound affect on Shropshire geology for 
nearly 500 million years (Figure 7). 
 

 
Figure 7.  Late Precambrian Welsh Borderland Marginal 
Basin showing formation of Uriconian Volcanics and 
Longmyndian Supergroup. The late Uriconian and early 
Longmyndian (Stretton Group) are probably of the same 
age. © Copyright 2006 Peter Toghill 

 
A volcanic arc here, near to the margins of the 
basin, formed the Uriconian Volcanics of 
Shropshire between 570 and 560 Ma, and around 
the same time a nearby shallow marine basin 
received sediments from the eroding volcanic arc 
and adjacent areas to form the unique 
Longmyndian Supergroup of sedimentary rocks, 
up to 7,000 m thick. 

The marine basin rapidly shallowed so that the 
early Longmyndian fine grained marine and 
deltaic/fluvial sequence, the Stretton Group, is 
followed, without an unconformity, by the coarse 
grained fluvial Wentnor Group. 

Major earth movements around 550 Ma (latest 
Precambrian) formed the remarkable overturned 
Longmynd Syncline, exposed around Church 
Stretton between the Church Stretton and 
Pontesford-Linley Faults, with small exposures 
further south around Old Radnor. The compression 
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was mainly transpressional, with considerable 
lateral movements along the Pontesford-Linley 
Fault and Church Stretton Fault, and it is possible 
that the Longmyndian is a displaced terrane 
(Figures 8 to 22). 
 

 
Figure 8.  Deformation of Uriconian and Longmyndian 
during the late Precambrian Avalonian orogeny. © 
Copyright 2006 Peter Toghill 
 

 
Figure 9.  Long Mynd Syncline approximately along the 
line A-B in Figure 10. Present-day relationships of 
Longmyndian and Uriconian. PLF, Pontesford-Linley 
Fault; RC, Radlith Conglomerate; OC, Oakswood 
Conglomerate; LC, Lawnhill Conglomerate; SC, 
Stanbatch Conglomerate; DC, Darnford Conglomerate; 
HC, Haughmond Conglomerate; HUC, Huckster 
Conglomerate; BV, Batch Volcanics; CG, Cardingmill 
Grit; BR, Buxton Rock; HG, Helmeth Grit; CSF, Church 
Stretton Fault. © Copyright 2006 Peter Toghill 
 

 
Figure 10.  Outcrop of Shropshire’s Precambrian rocks; 
Section A-B is shown in Figure 9. © Copyright 2006 
Peter Toghill 
 

 
Figure 11.  Rushton Schist poorly exposed in a rutted 
track. Wrekin in the background (long ridge); Little 
(Primrose) Hill is the small “bump” to its right. © 
Copyright 2006 Peter Toghill 
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Figure 12.  Church Stretton Valley from the Long Mynd 
looking towards Caer Caradoc and the Lawley, with the 
Wrekin in the distance. The main Church Stretton Fault is 
one-third of the way up the side of Caer Caradoc. Church 
Stretton Valley has only one main fault along it and is not 
a rift valley. This fault could be a listric fault. © 
Copyright 2006 Peter Toghill 
 

 
Figure 13.  In the foreground: Uriconian andesites on the 
Lawley; looking south towards Caer Caradoc and the 
Long Mynd (beyond). Despite the conical shape of Caer 
Caradoc, it is not a volcanic cone but a remnant of a wider 
extent of Uriconian lavas and ashes – no vents have been 
found within the Uriconian rocks of Shropshire. © 
Copyright 2006 Peter Toghill 
 

 
Figure 14.  Uriconian rhyolitic ash flow and andesitic 
ashes at Leaton Quarry, Telford. © Copyright 2006 Peter 
Toghill 
 

 
Figure 15.  Finely laminated, water-lain, Ragleth Tuffs on 
the flanks of Caer Caradoc. © Copyright 2006 Peter 
Toghill 
 

 
Figure 16.  The Battlestones. A rhyolitic crag at the 
northern end of Willstone Hill with Willstone Hill 
Conglomerates (? Wentnor Group Longmyndian) to the 
left of the crag. Caer Caradoc in the distance. © 
Copyright 2006 Peter Toghill 
 

 
Figure 17.  The Long Mynd from the Gaer Stone. © 
Copyright 2006 Peter Toghill 
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Figure 18.  The Longmyndian sequence showing 
environments of deposition and types of sediment. After 
Pauley, 1990, Sedimentology, Structural Evolution and 
Tectonic Setting of the Late Precambrian Longmyndian 
Supergroup of the Welsh Borderland, p.345, Fig.3. In 
D’Leoms et al., 1990, The Cadomian Orogeny. 
Geological Society Special Publication No.51, pp. 341-
351. 
 

 
Figure 19.  Burway Formation turbidites, Burway Hill, 
Long Mynd. © Copyright 2006 Peter Toghill 
 

 
Figure 20.  Cleaved purple shales in the Synalds 
Formation, Longmyndian, Haddon Hill, Long Mynd. The 
beds are dipping steeply to the left whereas the cleavage 
is just about vertical, parallel to the ski stick. © Copyright 
2006 Peter Toghill 
 

 
Figure 21.  Possible fossil rain prints? Synalds Formation, 
Longmyndian. © Copyright 2006 Peter Toghill 
 

 
Figure 22.  Darnford Conglomerate in the Bayston-
Oakswood Formation, Wentnor Group, Longmyndian. 
Sharpstones Quarry, Bayston Hill. Finger is pointing at 
high-grade schist clast. © Copyright 2006 Peter Toghill 

 
A major marine transgression following further 
widening of the Iapetus Ocean marked the start of 
the Cambrian period (545 Ma to 495 Ma) (Figures 
23 to 26), with a major unconformity below 
shallow water quartzites and sandstones which 
formed over the Welsh Marches, now exposed 
around the Wrekin and Church Stretton. These 
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Cambrian rocks yielded Britain's oldest trilobites 
in the late 1800s. 

 
Figure 23.  Late Cambrian palaeogeography (ca. 500 Ma) 
showing ancient latitudes of Scotland, England and 
Wales, and positions of trilobite faunal provinces. Below: 
cross-section through Iapetus Ocean at its widest extent 
during the late Cambrian. © Copyright 2006 Peter Toghill 
 

Figure 24.  Unconformity (strictly: a non-conformity) at 
Ercall Quarries. Cambrian Wrekin Quartzite dipping 
steeply south-east (to the right) rests unconformably on 
the pink late Precambrian Ercall Granophyre. © 
Copyright 2006 Peter Toghill 
 

 
Figure 25.  Ripple-marked bedding plane in Wrekin 
Quartzite, Ercall Quarries. © Copyright 2006 Peter 
Toghill 
 

 
Figure 26.  The Comley area below Caer Caradoc, near 
Church Stretton. Comley Quarry is just visible in woods 
immediately behind the farm in the centre. © Copyright 
2006 Peter Toghill 
 

 
During the Ordovician (495 to 443 Ma) the Iapetus 
Ocean started to close as the Avalonian 
microcontinent split away from Gondwana and 
moved northward, "pushed" by the spreading 
Rheic ocean to the south. 

By the end of the Ordovician southern Britain 
had moved from 60 degrees south to 30 degrees 
south of the equator. The Welsh Marches were 
right astride the Iapetus southern shoreline, which 
fluctuated west to east to form very different 
sequences either side of the Pontesford-Linley 
fault. 

An early Ordovician (Tremadoc) mud blanket 
encroached over the whole area followed by a 
rapid regression of the sea west of the Pontesford-
Linley fault, so that Arenig to Llanvirn epoch 
sequences, amounting to 4,000 m including the 
famous Stiperstones Quarztite and volcanic lavas 
and ashes, only occur west of the fault. (Figures 27 
to 37). 
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Figure 27.  Early Ordovician (Arenig Epoch) 
palaeogeography. Above: early stages of Iapetus Ocean 
closure and opening of the Rheic Ocean. Below: cross-
section through the Iapetus Ocean during the Arenig 
Epoch. Data from Trench & Torsvik, 1992, Journal of the 
Geological Society of London, 149, Fig. 1. 
 

 
Figure 28.  Middle Ordovician (Caradoc Epoch) 
palaeogeography. Above: rapid closure of the Iapetus 
Ocean and growth of the Rheic Ocean. Below: cross-
section through the Iapetus Ocean during the Caradoc 
Epoch. Data from Trench & Torsvik, 1992, Journal of the 
Geological Society of London, 149, Fig. 2. 
 

 
Figure 29.  Late Ordovician (Ashgill Epoch) 
palaeogeography. Above: collision of Avalonia and 
Baltica, and Gondwana glaciation. Below: cross-section 
through the Iapetus Ocean during the Ashgill Epoch. Data 
from Trench & Torsvik, 1992, Journal of the Geological 
Society of London, 149, Fig. 3. 
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Figure 30.  Ordovician palaeogeography of Wales, Welsh 
Borders and Shropshire. © Copyright 2006 Peter Toghill 
 

 
Figure 31.  Contrasting Ordovician sequences in the 
Shelve and Caradoc areas, west and east of the 
Pontesford-Linley Fault. Pontesford area also shown. 
WVF, Whittery Volcanics Formation; WSF, Whittery 
Shale Formation; HASF, Hagley Shale Formation; 
HAVF, Hagley Volcanics Formation; ASF, Aldress Shale 
Formation; SWSF, Spywood Sandstone Formation; RSF, 
Rorrington Shales Formation; MF, Meadowtown 
Formation; BSF, Betton Shales Formation; WFF, Weston 
Flags Formation; HSF, Hope Shale Formation; SVM, 
Stapeley Volcanics Member; HVM, Hyssington 
Volcanics Member; MFF, Mytton Flags Formation; SQF, 
Stiperstones Quartzite Formation; SHSF, Shineton Shales 
Formation; LO, Longmyndian; U, Uriconian; POS, 
Pontesford Shales; OS, Onny Shales; ASG, Acton Scott 
Group; CLF, Cheney Longville Flags; AL, alternata 
Limestones; CS, Chatwall Sandstone; HS, Harnage 
Shales; SWB, Smeathen Wood Beds; HEG, Hoard Edge 
Grit; CB, Coston Beds; TR, Tremadoc; CA, Cambrian. © 
Copyright 2006 Peter Toghill 
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Figure 32.  Ordovician transgressions and regressions 
across the Pontesford-Linley and Church Stretton Faults. 
© Copyright 2006 Peter Toghill 
 

 
Figure 33.  Ice Age tors on the Stiperstones. The 
Stiperstones Quartzite at Cranberry Rock looking north 
towards Manstone Rock, the highest point on the ridge, 
and Shropshire’s second highest hill at 537 m AOD. © 
Copyright 2006 Peter Toghill 
 

 
Figure 34.  Callow Quarry. Close-up of Mytton Flags 
showing steep dip produced by late Ordovician (Shelvian) 
folding. © Copyright 2006 Peter Toghill 
 

 
Figure 35.  Shelveian folding in southern Shelve Inlier 
showing Shelve Anticline and Llan (Ritton Castle) 
Syncline, and Corndon phacolith. WV, Weston 
Formation; SV, Stapeley Volcanics; A, Andesite; D, 
Dolerite; HV, Hyssington Volcanics; HS, Hope Shales; 
MF, Mytton Flags; SQ, Stiperstones Quartzite; SS, 
Shineton Shales; SF, Stiperstones Fault; PLF, Pontesford-
Linley Fault; V, Uriconian Volcanics; L, Longmyndian. 
© Copyright 2006 Peter Toghill 
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Figure 36.  Shineton Shales at Maddocks Hill. Vertical 
shales intruded by camptonite sill yield occasional 
specimens of the dendroid graptolite Dictyonema. © 
Copyright 2006 Peter Toghill 
 

 
Figure 37.  “Murchison’s View”: escarpments in the 
vicinity of Caer Caradoc – a view featured in Murchison’s 
Silurian System (p. 216), from the slopes of Caer Caradoc 
looking north towards the Lawley and the Ordovician 
scarps of Hoar Edge and Yell Bank. © Copyright 2006 
Peter Toghill 
 
The well known Caradoc epoch transgression 
spread shallow water sequences east of the 
Pontesford-Linley fault in the type area around 
Church Stretton. A major regression in the Ashgill 
epoch caused by tectonic uplift, the Shelveian 
event, and amplified by falls in sea level caused by 
a northern Gondwana glaciation, meant that the 
sea retreated west into Wales during the late 
Ordovician. 

Major folding, faulting and igneous activity 
during the Ashgill Shelveian event affected the 
Shelve area in particular. Much of the faulting was 
horizontal tear faulting with considerable 
displacements possible along the Pontesford- 
Linley fault which may be a terrane boundary. The 
Shelve area may have been joined with Builth area 
during the Ordovician and then displaced north 
during the Shelveian event. 

The Silurian period (443 to 418 Ma) made 
famous by Murchison saw the Welsh Marches in 
the southern tropics, around 25 to 20 degrees south 
(Figures 38 to 44). 
 

 
Figure 38.  Final closure of the Iapetus Ocean during the 
late Silurian Wenlock Epoch (ca. 425 Ma). By the end of 
the Silurian period, the Iapetus Ocean had disappeared 
completely and the Caledonian Mountains formed along 
the suture line between Laurentia to the west, and Baltica 
and Avalonia to the east. Data from Trench & Torsvik, 
1992, Journal of the Geological Society of London, 149, 
p. 869, Fig. 4. 
 

 
Figure 39.  Distribution of brachiopod communities 
during the late Llandovery Epoch. After Ziegler et al., 
Nature, 207, 270-272. 
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Figure 40.  Patch reef in Much Wenlock Limestone, Lea 
Quarry, Wenlock Edge. © Copyright 2006 Peter Toghill 
 

 
Figure 41.  Cross-section through the Ludlow Anticline 
south-west of Ludlow. Channels at the base of the 
Leintwardine Formation are shown in the north-west of 
the area. WOL, Woolhope Limestone; CF, Coalbrookdale 
Formation; MWL, Much Wenlock Limestone Formation; 
EF, Elton Formation; BF, Bringewood Formation; AL, 
Aymestry Limestone; Leintwardine Formation; WF, 
Whitcliffe Formation; LBB, Ludlow Bone Bed; DCS, 
Downton Castle Sandstone; TSF, Temeside Shale 
Formation; RG, Raglan Mudstone Formation. © 
Copyright 2006 Peter Toghill 
 

 
Figure 42.  Changes in sedimentary sequences from shlf 
to basin in the Welsh Borders during the Silurian. The 
section shows the facies changes and disappearance of 
limestones from east to west across the Church Stretton 
Fault. After Dineley, 1960, Field Studies, 1, Fig. 9. 
 

 
Figure 43.  Brown Clee Hill and Corvedale from the 
Aymestry Limestone dip slope near Beambridge. Note the 
red soils formed on the Old Red Sandstone of Corvedale. 
© Copyright 2006 Peter Toghill 
 

 
Figure 44.  Ludlow Bone Bed (along the prominent notch) 
at Ludford Corner, Ludlow. © Copyright 2006 Peter 
Toghill 
 
An early Silurian Llandovery transgression from 
the west (mapped by Ziegler, Cocks and 
McKerrow using brachiopod communities as 
depth indicators) produced shallow water 
sequences. This was followed by shallow water 
subtropical limestones with reefs (including the 
Much Wenlock Limestone), and shales, of the 
Wenlock and Ludlow epochs, e.g. around the 
southern end of the Long Mynd. At the top of the 
Silurian it is deep-water graptolite faunas that have 
changed the international stratigraphic picture in 
recent decades. 

Murchison's neat Ludlow Bone Bed marker 
horizon did not fit with the graptolite-bearing type 
sections in the Pozáry Section of the Daleje Valley 
near Prague (Czech Republic), with the result that 
a new Prídolí Series now extends the Silurian 
upwards into our Old Red Sandstone lithologies, 
finishing at the Psammosteus Limestone (now the 
Bishops Frome Limestone Formation). 

At the end of the Silurian the Iapetus Ocean had 
almost closed, with southern and northern Britain 
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finally joined by the time of the mid Devonian. 
The Acadian (Late Caledonian) orogeny, 
represented by the unconformity between the 
Lower and Upper Old Red Sandstone, was 
responsible for the folding that gave us the Ludlow 
Anticline and the dip of the Wenlock Limestone, 
giving rise to our most conspicuous topographical 
feature: Wenlock Edge. During the Devonian 
period (418 to 362 Ma) non-marine Old Red 
Sandstone sediments here formed over the Welsh 
Marches (Figures 45 & 46). During the 
Carboniferous (362 to 290 Ma) periodic episodes 
of the Variscan Orogeny left their mark on a 
landscape which was now more subdued, and 
divided into a number of basins of deposition, but 
again with Shropshire in a crucial marginal 
position astride St George's Land, and right on the 
Equator (Figures 47 to 52). 
 

 
Figure 45.  Variations in the timing of the appearance of 
Old Red Sandstone rocks between Scotland and the Czech 
Republic. © Copyright 2006 Peter Toghill 
 

 
Figure 46.  Devonian palaeogeography. Redrawn using 
data from the Open University, Course S236, Block 6, 
Historical Geology, p. 39, Fig. 24. 
 

 
Figure 47.  World palaeogeography for the Devonian, 
Carboniferous and Permian, showing closure of the Rheic 
Ocean. Redrawn using data from the Open University, 
Course S236, Block 6, Historical Geology, p. 8, Fig. 3. 
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Figure 48.  Early Carboniferous palaeogeography. 
Redrawn using data from the Open University, Course 
S236, Block 6, Historical Geology, p. 43, Fig. 29. 
 

 
Figure 49.  Carboniferous Limestone at Llanymynech 
Hill, Asbian Stage, Whitehaven Formation. © Copyright 
2006 Peter Toghill 
 

 
Figure 50.  Folded and faulted Middle Coal Measures 
with coal seams. Opencast site, Telford. © Copyright 
2006 Peter Toghill 
 

 
Figure 51.  Titterstone Clee Hill summit. View from the 
information board close to the Dhustone Quarry 
viewpoint. Large quarries in the vicinity are evidence of 
the huge amount of stone extracted hereabouts since the 
mid nineteenth century. © Copyright 2006 Peter Toghill 
 

 
Figure 52.  Brown Clee Hill from the summit of 
Titterstone Clee Hill. Blocks of dolerite (“Dhustone”) are 
scattered across the foreground. Basal Coal Measures 
form the bench on the west side (left and centre) of 
Brown Clee Hill. © Copyright 2006 Peter Toghill 
 
The result is a series of minor unconformities at 
the base of the Carboniferous Limestone, the 
Namurian and the Coal Measures. This is well 
seen in the Clee Hills, where Titterstone Clee 
shows each of these Carboniferous Series, but in 
Brown Clee the Coal Measures rest directly on Old 
Red Sandstone. In the East Shropshire Coalfield 
the Upper Coal Measures spread unconformably 
over an earlier Variscan landscape with a break 
that earlier geologists referred to as the Symon 
Fault. 

Arid conditions set in during the late 
Carboniferous as Britain found itself in the arid 
heart of Pangaea, just north of the Equator (Figure 
53). Desert sandstones covered the area during the 
Permian and Triassic periods (290 to 206 Ma). 
During the late Triassic and the beginning of the 
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Jurassic period marine conditions, with Britain 
around 35 degrees north, spread from the east to 
deposit clays and thin limestones. The early 
Jurassic Lias (ca. 200 Ma) is the youngest bedrock 
deposit now preserved in the Welsh Marches, 
around Prees in north Shropshire. We have no 
record of younger Jurassic or Cretaceous rocks but 
it is likely that Middle Jurassic rocks and the Chalk 
were deposited but have since been removed by 
erosion (Figures 54 to 59). 
 

 
Figure 53.  Red Upper Carboniferous Keele Beds at 
Redhill, near Shrewsbury. © Copyright 2006 Peter 
Toghill 
 

 
Figure 54.  Bridgnorth Sandstone of Permian age, hosting 
a dwelling, near Bridgnorth. Exposure displays barchan 
sand dunes with prominent cross-bedding. © Copyright 
2006 Peter Toghill 

 
Figure 55.  Grinshill Quarry, a principal source of high 
quality building stone. Massive, creamy brown sandstone, 
Grinshill Sandstone, with some cross-bedding overlain by 
flaggy Tarporley Siltstones (“Waterstones”) and red 
Mercia Mudstones at the very top of the quarry face. © 
Copyright 2006 Peter Toghill 
 

 
Figure 56.  Typical Triassic reptiles of Shropshire. © 
Copyright 2006 Peter Toghill 
 

 
Figure 57.  Early Jurassic palaeogeography. “P” is the 
Prees outlier, in north-east Shropshire. Redrawn using 
data from the Open University, Course S236, Block 6, 
Historical Geology, p. 59, Fig. 42. 
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Figure 58.  Early Jurassic Lias mudstones exposed during 
the excavation for a road cutting for the Prees bypass. © 
Copyright 2006 Peter Toghill 
 

 
Figure 59.  Late Cretaceous palaeogeography showing 
shorelines thought to exist at the time of the deposition of 
the chalk. © Copyright 2006 Peter Toghill 
 
During the Tertiary period (65 to 2 Ma) the Welsh 
Marches, now close to their present latitude, 
experienced uplift ( with dyke intrusions in the 
north) and erosion of great thicknesses of 
Mesozoic rocks, to expose a landscape not too 
dissimilar to today, but which was extensively 
modified during the Quaternary Ice Ages and post 
glacial periods (2Ma to present day). Although 
little primary glacial erosion took place, subglacial 
channels and proglacial lakes enabled river 
diversions (Figures 60 to 64). 

 
Figure 60.  Early Tertiary palaeogeography. © Copyright 
2006 Peter Toghill 
 

 
Figure 61.  Tertiary basalt dyke in Grinshill Quarry. The 
dyke is 0.8 m wide. Fresh “blue” basalt can be seen 
surrounded by reddish brown lateritic weathered dyke 
material. © Copyright 2006 Peter Toghill 
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Figure 62.  Devensian ice sheets in Shropshire. © 
Copyright 2006 Peter Toghill 
 

 
Figure 63.  Ironbridge Gorge. The Ironbridge itself 
crosses the River Severn on the left; Lincoln Hill stands 
behind. © Copyright 2006 Peter Toghill 
 

 
Figure 64.  The pelvis and left lower jaw of the Condover 
mammoth, held by Howard Cheese of the Ludlow 
Museum. © Copyright 2006 Peter Toghill 
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geologists and planners helps inform an understanding of the historical and architectural heritage. This provides a 
practical basis for exploring options for re-sourcing local materials, helping conserve the local distinctiveness of 
the built environment. 
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The study of geology and the fraternity of 
geologists in South Shropshire has made, and is 
continuing to make, a very real contribution to the 
care and conservation of the environment in this 
unique part of the world. Through the research of 
the Shropshire Geological Society and public 
engagement by key members including Peter 
Toghill, Andrew Jenkinson and Michael 
Rosenbaum, we now have a greater understanding 
of how and where building stones were extracted, 
how they were used and their geographical 
distribution. This has helped us to define our own 
local distinctiveness and appreciate the challenges 
earlier generations encountered in using locally 
occurring materials to provide shelter for 
themselves, their animals and their produce. 

Today, South Shropshire is renowned for its 
wealth of historic buildings and settlements, 
providing a tangible link to the culture and 
traditions of past generations and a picturesque 
environment for us to live, work and play. Many of 
the buildings have statutory protection from 
unsympathetic alteration by being “listed” as being 
of special architectural and historic interest, and 
the settlements designated conservation areas. 
Such recognition presents us with the challenge of 
working with traditional structures to provide 
relevant accommodation today yet allowing 
established character to survive the transition. In 
no small way this relies on using materials 
compatible with historic fabric to avoid disruption 
to a cherished form. 

In post war Britain, economies of scale and 
centralisation of activities such as brick making 
and quarrying resulted in a standardisation of 
building materials and an erosion of local 
distinctiveness. Whilst Shropshire was not immune 
from such trends, the remoteness of the Welsh 
Borderlands avoided the excesses of large scale 

development. However, as in other areas, locally 
sourced building materials were becoming scarce 
and a need existed to go back to first principles for 
conservation work. 

In 1997, South Shropshire District Council in 
partnership with The Institute of Historic Building 
Conservation and the Acton Scott historic working 
farm built a brick kiln to showcase and produce 
hand made bricks from the Carboniferous Etruria 
Marl clays of the area. This initiative proved 
successful and a number of commercial 
manufacturers now once again produce bricks 
from Shropshire’s clay. 

A similar situation existed with local stone. The 
planning framework discouraged extraction in the 
landscape. However, by including policies in the 
County Minerals Plan to allow small-scale 
extraction for conservation work, opportunity 
existed for careful siting of quarries in geologically 
appropriate locations to maintain continuity of 
supplies. This has proved invaluable for the 
maintenance of historic character and economic 
diversification in the countryside and reinforces 
the link between geology and everyday life in the 
area. Whilst we have around five quarries 
supplying building stone in the area, the very 
diversity of the underlying rock means we must 
continue in this endeavour. 

Such work and the capability of the Shropshire 
Geological Society resulted last year (2006) in 
English Heritage selecting South Shropshire to be 
used as a pilot exercise to map the extent of 
surviving stone tile roofs in the area together with 
plotting maps of likely sources of tile stone. Again 
this partnership of geologists and planners helped 
inform an understanding of the built heritage and 
provided a basis for exploring options for re-
sourcing material when necessary. 
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Shropshire has a tremendous legacy of 
landscape, buildings and geological diversity. The 
synergy between all these elements is what has 
given us a precious interplay of nature and culture, 
and it is our challenge to continue working 
together to ensure that legacy is upheld. 
 
 
 
 
 
 

 
 
 
 
 
 
 
Copyright Shropshire Geological Society © 2008. 
 

ISSN 1750-855x 
 

 



  ISSN 1750-855X (Print) 
ISSN 1750-8568 (Online)

 

 

Proceedings of the Shropshire Geological Society, 13, 27−32 27 © 2008 Shropshire Geological Society
 

Local character shaped by landscapes 
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LLOYD, D.J. (2008). Local character shaped by landscapes. Proceedings of the Shropshire Geological Society, 
13, 27–32. The landscapes of The Marches, as seen through the works of great artists, provide an insight of the 
region at the time it was visited by the pioneer geologists. Such paintings can sometimes reveal details of the 
ground that have since been lost, or features whose importance might otherwise be overlooked. 
 
1Ludlow, Shropshire, UK. E-mail: david.djl@virgin.net 

 

BACKGROUND 
In 1770 the English landscape painter Paul 
Sandby, with his patron Sir Watkin Williams-
Wynne of Wynnstay near Ruabon, and 
accompanied by his nine servants, fifteen horses 
and a large cart, visited Llangollen, Bala, 
Dolgellau and Caernarfon. 

This provides a flavour of the portrayal of the 
landscapes of the Welsh Marches seen through the 
works of artists, providing an insight of the region 
as seen by the pioneer geologists and often 
revealing details of the ground that have since been 
lost, or features whose importance might otherwise 
have been overlooked. 

This is not the place to provide a detailed 
description of the geology of Shropshire per se, for 
which the reader is referred to Peter Toghill’s 
Geology of Shropshire (2006), thereby to benefit 
from his detailed knowledge of the local geology. 

GEOGRAPHICAL CONTEXT 

The Welsh Marches straddle the boundary 
between lowland and upland Britain, exemplified 
by the view south across Herefordshire towards the 
Brecon Beacons (Figure 1) – “And all this tract 
that fronts the falling sun” (John Milton’s Comus, 
first performed in Ludlow Castle in 1634) (Milton, 
1637). 

 
Figure 1.  The Brecon Beacons © Copyright 2007 David 
Lloyd. 
 
A particular characteristic is that “The many small 
pays or sub-regions reflect great geological 
diversity, a feature of the Welsh Borderland” 
(Sylvester, 1969). Thus the small hamlet so 
characteristic of the Shropshire settlement pattern 
is revealed in the local painting by the Rector of 
Hope Bowdler (Figure 2). 

 
Figure 2.  R.G. Benson (Rector), Hope Bowdler, 1871. 
 
The German word for the pays is marken, meaning 
the boundary or limit, hence the Marches. These 
refer to the boundaries between upland and 
lowland as much as between Celt and Saxon, 
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Welsh and English, and are a direct reflection of 
the underlying geology. 

Years of conflict, by the Romans, then the 
Saxons and later by the Normans, and its 
aftermath, have led to the construction of 
significant military structures, notably a network of 
castles and observation posts (Figure 5), taking 
advantage of natural rocky promontories wherever 
they could, for example above the glacially-eroded 
gorge at Ludlow (Figure 3) and the spectacular 
setting on the Carboniferous Limestone at Carreg 
Cennen Castle in the Black Mountains (Figure 4). 

Perhaps the biggest, certainly the longest, 
structure is the ditch and rampart of Offa’s Dyke, 
although this was possibly more a trade frontier 
than a military obstacle (Figure 6). This is a trend 
throughout the world, reflecting a clash of culture 
and consequently conflict where upland meets 
lowland. 

 
Figure 3.  Ludlow from Whitcliffe, 1722, by Isaac 
Vogelsanck. 
 

  
Figure 4.  Carreg Cennen Castle in the Black Mountains, 
by David Bellamy. The castle is perched upon the 
Carboniferous Limestone, faulted on both sides against 
Old Red Sandstone. These faults are part of the Carreg 
Cennen Fault/Llandyfaelog Disturbance, which can be 
traced north-eastwards towards Church Stretton. 
 

Figure 5.  Norman Castles along the Welsh border © 
Copyright 2007 David Lloyd. 
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Figure 6.  Offa’s Dyke near Oswestry © Copyright 2007 
David Lloyd. 
 
Other sites retain significant amounts of the 
original structure, as at Wigmore Castle, in 
particular revealing the construction materials that 
had been used, many of which are no longer 
quarried in the area and thus invaluable for 
geological study (Figure 7). 

Figure 7.  Wigmore Castle, by Samuel and Nathaniel 
Buck, 1732. 

GEOLOGICAL CONTEXT 
The Marches are world-renowned for their 
sedimentary rocks of Silurian age, laid down as 
essentially horizontal beds beneath the sea. 
Subsequently these have been tilted by tectonic 
forces so that they now tilt, often eastwards as with 
the iconic Wenlock Edge (Figure 8), and 
immortalised by Housman [Last Poems, XII] 
(1922): 

‘Wenlock Edge was umbered, 
And bright was Abdon Burf, 
And warm between them slumbered 
The smooth green miles of turf’ 
 

The associated landscape reveals how the geology 
is determining the individual pays. Each sub 
region has its own distinctive character, together 
giving the region its distinctiveness. Considerable 
diversity exists within a very small area, so 
characteristic of the Welsh Marches. 

Figure 8.  Wenlock Edge © Copyright 2007 David Lloyd. 

MINERAL WEALTH 
Initially the economic wealth of the region was 
largely derived from agriculture: crops and 
livestock, especially sheep (Figures 9, 10 and 11). 
The wool trade brought great wealth in medieval 
times, reflected in the elaborate ecclesiastical 
buildings of the day (e.g. St Laurence’s Church in 
Ludlow) and the manorial houses, one of which 
was even permitted to be fortified (Stokesay 
Castle, Figure 12). 

Figure 9.  Harvest Scene, looking to Hay Bluff, by Joseph 
Murray Ince (1806-59), probably near Presteigne where 
the artist lived. 
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Figure 10.  Llanidloes Pig Fair, 1847, by Hugh Hughes, 
typifying the market towns, so important to the economy 
of the Welsh Marches and epitomising the essence of 
country life in the region. 

Figure 11.  Sheep Farming in Herefordshire, by T.H. 
Palmer. Shropshire was the most productive county for 
wool, which was considered to be of the highest quality. 
 
 

 
Figure 12.  Stokesay Castle, built by Laurence de Ludlow, 
wool merchant, c. 1290, its fortifications reflecting the 
status of the family derived from the importance of this 
industry © Copyright 2007 David Lloyd. 
 
It was the occurrence of natural minerals (iron ore 
and limestone flux) in close proximity together 
with sources of power within the Welsh Marches 
that fed the early iron foundries and led in turn to 
growth of the industrial revolution, with energy 
drawn first from the fast-flowing waters of 
subglacial gorges such as Downton and 
Ironbridge, and later from charcoal, then coal. 

Contemporary paintings of the Ironbridge 
Gorge in Shropshire (Figure 13) give a flavour of 
the contemporary polluted landscape. Ongoing 
development has subsequently led to migration of 
industry elsewhere, and nature is slowly 
reclaiming the landscape, for instance in Downton 
Gorge (Figure 14). Here, in the 18th century, iron 
was smelted using locally produced charcoal rather 
than coal. The iron ore was brought by packhorse 
from the southern slopes of Clee Hill; the 
limestone was local. 

 
Figure 13.  Bedlam Furnace, Madeley Dale, 1803, by Paul 
Sandby Dunn. 
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Figure 14.  The River Teme near Bringewood Iron 
Works, by Thomas Hearne, 1786, revealing the rapidly 
flowing water ripe for harnessing as power for the iron 
foundries. 

BENEFACTORS 
In an article on landscapes, indulgence is sought to 
conclude with a brief consideration of portraits, 
which help us understand the interest in, and 
support of, the early studies of the natural world 
and the wider benefaction to which the profits 
were put. 

The Knight family earned their wealth from the 
charcoal-fuelled iron industry in Bringewood, west 
of Ludlow. The profits enabled construction of a 
new family seat at Downton Castle and a number 
of town houses within Ludlow itself (e.g. 14 Castle 
Street, in 1728). 

It was Richard Payne Knight (1751–1824) 
(Figure 15) who used his considerable wealth 
inherited from the iron foundry business of his 
forebears that enabled him to lead the life of a 
gentleman of private means, pursuing local studies 
and the arts more generally. He became a Fellow 
of the Geological Society of London (referred to in 
his personal correspondence, now housed by 

Hereford Heritage Service). This was typical of the 
period, and many such amateurs were able to play 
a vital role in collecting specimens and facts 
concerning the exposures of their local geology, 
facilitating the broader interpretations by 
geologists such as Sedgwick and Murchison. 

 
Figure 15.  A portrait of Richard Payne Knight (1751–
1824) © Copyright unknown 

CONCLUSIONS 
The landscapes of The Marches have been 
described through the works of local artists, 
providing an insight of the region at the time it was 
visited by the pioneer geologists. Diversity is the 
principle characteristic of the landscape, perhaps 
with views no longer visible or accessible due to 
vegetation or land ownership. It has been shown 
that such paintings can sometimes reveal details of 
the ground that have since been lost, or features 
whose importance might otherwise have been 
overlooked, and of building stones and, 
occasionally, their sources. 
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From the Ground, Up: vernacular building stones in a border landscape 
 

Andrew Jenkinson1 
 

 
JENKINSON, A. (2008). From the Ground, Up: vernacular building stones in a border landscape. Proceedings of 
the Shropshire Geological Society, 13, 33–48. A look at the way in which vernacular buildings reflect the 
underlying geology, enabling them to be read as a geological map, and a consideration of the importance of 
recognising and conserving this degree of distinctiveness in the restoration of stone buildings. 

Some distinctive lithologies have a very restricted outcrop, yielding building stones for local use which may be 
the sole (local) source of supply, reflecting close proximity to the quarries and yielding the most accessible 
exposures today. Examples include Alberbury Breccia, Acton Scott Limestone, the Pentamerus Sandstone of 
Norbury and Wentnor, amongst others. These are the stones which give local distinctiveness to individual villages 
or estates. But others are equally effective at reflecting the local geology, from the pale grey calcareous siltstones 
of Corvedale to the Carboniferous Limestone of Llanymynech. 
 
1Welshpool, Powys, UK. E-mail: andrew@scenesetters.co.uk 

 

BACKGROUND 
Many parts of Britain are characterised by their 
building stones: the Jurassic Limestone of the 
Cotswolds, the flint of the chalk downlands of the 
south east, the granite of Dartmoor, and the 
gritstone of “the north”. But look at a vernacular 
architecture map of Britain and the chances are it 
will show Shropshire, along with Cheshire to the 
north and Herefordshire to the south, as “black and 
white” or timber-framed country. 

In practice, for buildings that date from before 
the mid-nineteenth century, stone buildings are 
more common than timber-framed ones in most 
parts of the county, but this is not the general 
perception because there is no single characteristic 
stone (Figure 1). 

Instead, one sees extensive use of local stone 
mirroring the huge variety of different rock types 
outcropping across the county. A few Shropshire 
stones have structural qualities which make them 
particularly suitable for building, notably the 
freestones of the North Shropshire hills and, in 
particular, Grinshill. Their reputation ensured a 
wide market. But the most interesting are those of 
very restricted outcrop, used of necessity, but only 
in the immediate vicinity of the quarries. Examples 
include: Alberbury Breccia, Acton Scott 
Limestone, the Pentamerus Sandstone (“Bog 
Quartzite”) of Norbury and Wentnor, amongst 
others (Figure 2). These are the stones which give 
local distinctiveness to individual villages or 
estates. But others equally reflect the local 

geology, from the pale grey calcareous siltstones 
of Corvedale to the Carboniferous Limestone of 
Llanymynech. 

This paper considers a range of examples from 
across the county, looking at the ways in which the 
vernacular buildings reflect the underlying 
geology, enabling them be read as a geological 
map, and considering the importance of 
recognising and conserving this degree of 
distinctiveness in restoration of stone buildings. 

 
Figure 1.  Cottage at Hyssington (now demolished), close 
to the county border between Shropshire and Powys, 
epitomising the use of local stone for construction and 
reflecting the diversity of rock types © Copyright 2007 
Andrew Jenkinson. 
 
The geological map of Shropshire is divided into 
many divisions, as described in Peter Toghill’s 
overview (2006). However, in the context of 
building stones, age is not as relevant as 
environment of deposition or intrusion. 
Nevertheless, the variety of colours on the map 
gives some idea of the tremendous variety of 
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material types, some good for building and some 
not so good. Transport costs limited their usage to 
the nearest village or two until the coming of the 
canal and then the railway, so distribution is 
geographically limited. 

ALBERBURY BRECCIA 
It was John Pilgrim (Peter Toghill’s predecessor at 
the University of Birmingham Department of 
Extramural Studies, at Shrewsbury) who 
introduced the author to the topic of vernacular 
building stones, through publication by the Field 
Studies Council of Mercer’s study examining the 
Alberbury Breccia (Mercer, 1959). 

 
Figure 2.  Map of the area west of Shrewsbury revealing 
the variety of rock types used for vernacular building, 
taken from Figure 6 of Mercer (1959). 
 

 
Figure 3.  Geological map of Shropshire showing the 
small outcrop of the Permian Alberbury Breccia © 
Copyright 2006 Peter Toghill 
 

The Alberbury Breccia outcrops west of 
Shrewsbury (Figure 3). These beds are located 
near the contact between the subaerial red beds of 
the topmost Carboniferous, just below the 
overlying Permian boundary. Topographically 
they cause a gentle rise in the landscape (Figure 4) 
upon which have been built clusters of salmon 
pink cottages (Figure 5). 

Why was the Alberbury Breccia so special? 
The similarity of the cottages reflects the estate 
origin of the buildings, not only architecturally but 
also geologically. The estate boundaries have 
limited their distribution, in this case Leighton 
Park; within the estate the landowner was able to 
utilise his own materials at low cost: cheap to 
excavate and cheap to transport using estate 
labour. The outcrop of the Breccia is also spatially 
restricted (Figure 6). 

There are very few exposures today, but these 
are sufficient to show that the curious red colour is 
due to a red sandstone matrix containing pebbles 
of grey Carboniferous Limestone, resulting from 
erosion of the Carboniferous Limestone (Figures 7 
and 8). 

The Breccia was used for Alberbury Castle 
(Figure 9), said to have been already ruinous by 
1226. However, the nearby 14th Century church is 
not (Figure 10), perhaps because it was not an 
estate building; it has been constructed using a red 
sandstone from the North Shropshire hills. 

Local walls show how coarse the rock is 
(Figures 11 and 12), but it is not an ideal building 
stone because of its irregularity. Nevertheless, to 
retain the distinctive character of the buildings, it is 
still employed, for instance in the modern village 
hall which has been faced with stone extracted 
from a temporary quarry within the village car 
park (Figure 13). 

 
Figure 4.  Landscape typical of the Alberbury Breccia; 
Loton Park © Copyright 2007 Andrew Jenkinson. 
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Figure 5.  Salmon pink cottages on the Loton Park estate 
built from Alberbury Breccia © Copyright 2007 Andrew 
Jenkinson. 
 

Figure 6.  Distribution of buildings incorporating 
Alberbury Breccia in the vicinity of its outcrop © taken 
from Figure 5 of Mercer (1959). 
 

 
Figure 7.  Former quarry exposing Alberbury Breccia on 
the Loton Park estate © Copyright 2007 Andrew 
Jenkinson. 
 

 
Figure 8.  Detail within an exposure of the Alberbury 
Breccia on the Loton Park estate © Copyright 2007 
Andrew Jenkinson. 
 

 
Figure 9.  Alberbury Breccia used for the castle walls, 
Alberbury © Copyright 2007 Andrew Jenkinson. 
 



 A. JENKINSON  
 

 

Proceedings of the Shropshire Geological Society, 13, 33−48 36 © 2008 Shropshire Geological Society
 

 
Figure 10.  Permo-Triassic red sandstone used for the 
walls of the church nave (left), Alberbury © Copyright 
2007 Andrew Jenkinson. 
 

 
Figure 11.  Alberbury Breccia used for stone walls on the 
Loton Park estate © Copyright 2007 Andrew Jenkinson. 
 

 
Figure 12.  Detail of the Alberbury Breccia revealing the 
red sandstone matrix and pebbles of grey Carboniferous 
Limestone, Loton Park estate © Copyright 2007 Andrew 
Jenkinson 
 
 

 
Figure 13.  Village hall, Alberbury, recently constructed 
with a facing of Alberbury Breccia © Copyright 2007 
Andrew Jenkinson. 

PENTAMERUS SANDSTONE 
The next example is a strong characteristic stone 
from the Shelve area, widely used in this region. 
Indeed, its strength has encouraged recycling of 
stone obtained from demolition of cottages in the 
mining community of Snailbeach. 

This is the Pentamerus Sandstone (also known 
as Bog Quartzite, but not to be confused with the 
better known Stiperstones Quartzite which occurs 
close by, notably along the Stiperstones Ridge). To 
the south this is particularly fossiliferous, notably 
around Norbury (Figure 14). 

The Pentamerus Sandstone is a product of the 
Ordovician (Llandovery) transgression over the 
much older Longmyndian, representing shallow 
water (possibly beach) deposits. At the village of 
Norbury this outcrops as an apparently porous 
rock, with large cavities. These occur where 
calcareous fossil shells have been dissolved out, 
leaving behind a surprisingly strong quartzitic 
matrix. The curious arrowhead markings of the 
shells have led to the local name “Government 
Rock”, due to the similarity with the former War 
Department logo (Figure 15). 

Humps and hollows in the fields to the west of 
the village are the sites of old quarries in this stone; 
these were the source for the church and many of 
the walls within the village. However, it could not 
be easily trimmed and so stone had to be imported 
for ornate carving such as for the window lintels, 
mullions and quoins, for instance from Grinshill 
(Figures 16, 17 and 18). 

The recent Blue Remembered Hills project 
utilised AONB funding to conserve the stonework, 
in order to retain the unique character of Norbury 
(Figure 19). 

In general, stone walls are a rarity in 
Shropshire, a predominantly agricultural county 
dominated by thick soils. Where used, as at 
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Norbury, they are indicative of the occurrence of 
local building stone and former quarries. 

 
Figure 14.  Geological map of Shropshire showing the 
outcrop of Ordovician Pentamerus Sandstone around 
Norbury, where it is particularly fossiliferous (locally 
known locally as “Government Rock”) © Copyright 2006 
Peter Toghill 
 

Figure 15.  The characteristic “W” shape of the fossil 
shells within the Pentamerus Sandstone (“Government 
Rock”), Norbury © Copyright 2007 Andrew Jenkinson. 
 

Figure 16.  Pentamerus Sandstone (“Government Rock”) 
used for the church at Norbury (see Figure 19 for detail of 
poster to right of photo) © Copyright 2007 Andrew 
Jenkinson. 
 

Figure 17.  Close-up of the Pentamerus Sandstone used 
for the church at Norbury © Copyright 2007 Andrew 
Jenkinson. 
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Figure 18.  Grinshill Sandstone used for the church 
windows frames at Norbury © Copyright 2007 Andrew 
Jenkinson. 
 

Figure 19.  AONB poster commemorating recent stone 
wall restoration work at Norbury © Copyright 2007 
Andrew Jenkinson. 

ACTON SCOTT LIMESTONE 
The Acton Scott Limestone, like the Alberbury 
Breccia, is another very localised, estate stone 
(Figure 20). This is unusual within the lower 
Silurian since it is strongly calcareous; most of the 
other lithologies hereabouts are siliceous, 
including the characteristically striped Soudley 

Sandstone, quarried just to the north, but most 
especially the weaker Onny Shales. The 
occurrence of the limestone provided the best 
stone for construction within the estate (Figures 21 
and 22). 
 

 
Figure 20.  Geological map of Shropshire showing the 
outcrop of Acton Scott Limestone © Copyright 2007 
Peter Toghill. 
 

 
Figure 21.  Typical estate cottage built from Acton Scott 
Limestone © Copyright 2007 Andrew Jenkinson. 
 



 VERNACULAR BUILDING STONES IN A BORDER LANDSCAPE  
 

 

Proceedings of the Shropshire Geological Society, 13, 33−48 39 © 2008 Shropshire Geological Society
 

Figure 22.  Acton Scott Limestone for the church tower, 
Acton Scott © Copyright 2007 Andrew Jenkinson. 

SOUDLEY and HORDERLEY 
SANDSTONES 

The tower of Acton Scott church has been built 
from Acton Scott Limestone too, but difficulty of 
working has led to the more easily trimmed 
Soudley Sandstone being employed for the porch 
(Figure 23). 

The somewhat similar but darker Horderley 
Sandstone has been used further south, in the 
village of Wistanstow, giving a distinctive 
appearance to the village street (Figures 24 and 
25). 

Figure 23.  Colour banded and bedded Soudley 
Sandstone, more workable than the Acton Scott 
Limestone, imported for constructing the arch to the 
entrance porch. However, the bedding is a plane of 
weakness that has subsequently led to excessive spalling 
© Copyright 2007 Andrew Jenkinson. 
 

Figure 24.  Wistanstow village with widespread use of 
Horderley Sandstone (similar to Soudley Sandstone) – 
view north along the former Roman Road © Copyright 
2007 Andrew Jenkinson. 
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Figure 25.  Locally quarried, colour banded and bedded 
Horderley Sandstone (similar to, but slightly darker than, 
Soudley Sandstone), used for constructing a cottage in 
Wistanstow © Copyright 2007 Andrew Jenkinson. 

ASSORTED STONES 
The wide variety of geological outcrops nearby has 
led to an equally wide variety of building stones in 
towns such as Church Stretton (Figure 26). The 
parish church of St Laurence reveals this, from 
Precambrian metasediments and metavolcanics, 
through Lower Palaeozoic sandstones, to erratics 
from the Quaternary glacial deposits (Figures 27 to 
29), and a tower constructed of coarse sandstone: 
the Hoar Edge Grit (Figure 30). This is lower 
Ordovician in age, dating from the early 
transgression over Longmyndian terrain (Figure 
31). 

The Lower Palaeozoic yields a number of 
coarse sandstone horizons suitable for building 
stone: the Hoar Edge Grit, the younger Kenley Grit 
and Chatwall Sandstone, their strength being 
expressed as topographic highs (Figures 31 to 34). 

 
Figure 26.  Geological map of Shropshire showing the 
varied outcrops in the vicinity of Church Stretton © 
Copyright 2006 Peter Toghill. 

Figure 27.  Wide variety of lithologies used for the parish 
church of St Laurence, Church Stretton. These include 
Longmyndian metamorphosed sedimentary rocks, the 
scorched appearance of Batch Volcanics, banded Soudley 
Sandstone, and coarse, sometimes red, west Longmyndian 
gritstone. The latter may well have come from 
Haughmond Abbey, carted along the former Roman road, 
rather than having been transported (in Norman times) 
over the high ground of the Longmynd © Copyright 2007 
Andrew Jenkinson. 
 

Figure 28.  Nave of St Laurence, Church Stretton, 
revealing the wide variety of rock types, here mostly 
Longmyndian metasediments and Batch Volcanics © 
Copyright 2007 Andrew Jenkinson. 
 

Figure 29.  Soudley Sandstone used for the northern 
transept of St Laurence, Church Stretton, with cross 
bedding revealed by groundwater-induced colour banding 
© Copyright 2007 Andrew Jenkinson. 
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Figure 30.  Tower of St Laurence, Church Stretton, 
largely constructed from coarse Hoar Edge Grit © 
Copyright 2007 Andrew Jenkinson. 
 

 
Figure 31.  Topographic setting of Hoar Edge as seen 
from Caer Caradoc, east of Church Stretton, looking north 
© Copyright 2007 Andrew Jenkinson. 
 

 
Figure 32.  Kenley Grit used for the church at Kenley © 
Copyright 2007 Andrew Jenkinson. 
 

 
Figure 33.  Close-up of Kenley Grit revealing its coarse 
grained nature © Copyright 2007 Andrew Jenkinson. 
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Figure 34.  Chatwall Hall built of Hoar Edge Grit © 
Copyright 2007 Andrew Jenkinson. 

WENLOCK LIMESTONE 
Some stone is now thought of more as a source for 
industrially-processed material than a building 
stone in its own right, for instance the Wenlock 
Limestone, currently being extensively quarried as 
a raw material for Ordinary Portland Cement. 
However, it was previously employed for the 
production of lime mortar and for agricultural lime 
and, in the early days, as a local source of rubble 
stone for building. 

Rubble stone walls can be seen in the monastic 
town of Much Wenlock, in vernacular buildings as 
well as the Priory (Figures 35 to 37), the latter also 
employing imported stone where a greater degree 
of carving or workability was required (Figures 38 
to 40). 
 

 
Figure 35.  Geological map of Shropshire showing the 
outcrop of Wenlock Limestone © Copyright 2006 Peter 
Toghill. 
 

 
Figure 36.  Farm buildings in the centre of Much 
Wenlock constructed of Wenlock Limestone rubble © 
Copyright 2007 Andrew Jenkinson. 
 

 
Figure 37.  The parish church of Much Wenlock, 
constructed largely of Wenlock Limestone © Copyright 
2007 Andrew Jenkinson. 
 

 
Figure 38.  The walls of the Priory, Much Wenlock, 
constructed of Wenlock Limestone rubble and Upper 
Carboniferous sandstone ashlar © Copyright 2007 
Andrew Jenkinson. 
 



 VERNACULAR BUILDING STONES IN A BORDER LANDSCAPE  
 

 

Proceedings of the Shropshire Geological Society, 13, 33−48 43 © 2008 Shropshire Geological Society
 

Figure 39.  Intricately carved Upper Carboniferous 
sandstone for one of the cloister walls within the Priory, 
Much Wenlock © Copyright 2007 Andrew Jenkinson. 
 

Figure 40.  Figures carved from Wenlock Limestone in 
the lavetorium at the Priory, Much Wenlock © Copyright 
2007 Andrew Jenkinson. 

OLD RED SANDSTONE 
The Lower Devonian sandstones of Brown Clee 
Hill, the “Old Red Sandstone”, yield a widely used 
building stone with a dull red to pale greenish grey 
colour (Figures 41 and 42), for both vernacular 
buildings, as at Neenton, and those of higher 
status, such as Ludlow Castle and Ludlow’s parish 
church of St Laurence’s (Rosenbaum, 2007). 
 
 

 
Figure 41.  Geological map of Shropshire showing the 
outcrop of Devonian “Old Red Sandstone” © Copyright 
2006 Peter Toghill. 
 

Figure 42.  Dull red to pale greenish grey appearance of 
typical Old Red Sandstone, Neenton Church © Copyright 
2007 Andrew Jenkinson. 

CARBONIFEROUS SANDSTONE 
Towards the end of the Carboniferous, red beds 
predominated yielding characteristically coloured 
sandstones that have been utilised for building 
purposes, for instance the Keele Beds quarried at 
Alveley (Figures 43 to 44). 

Somewhat stronger but duller sandstone is 
found lower in the Upper Carboniferous, for 
instance that quarried across the Severn at Highley, 
yielding stone with a pale greyish brown colour. 
However, although good as a building stone, it 
lacks local distinctiveness. 
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Figure 43.  Geological map of Shropshire showing the 
outcrop of Carboniferous Keele Beds © Copyright 2006 
Peter Toghill 
 

Figure 44.  Red sandstone of the Keele Beds, Alveley © 
Copyright 2007 Andrew Jenkinson 

DOLERITE 
Igneous intrusions at the end of the Carboniferous 
have left sills of very strong dolerite (locally 
known as “Dhu Stone”) that now outcrop towards 
the top of the Clee Hills. It is difficult to shape and 
thus used locally as a rubble stone (Figures 45 and 
46). It has a dark bluish grey colour when fresh, 
but weathering during the Tertiary has oxidised the 
iron-rich minerals leaving a coating of pale 
discolouration along the joint planes, rusty brown 
when extensively developed. Secondary minerals 
are also present. These have grown within the rock 
over geological time whilst buried. Furthermore, 
on exposure, growth of algae and lichen can 
produce a grey-green colouration. 
 

Figure 45.  Dolerite from the summit of Abdon Burf is 
used extensively around the north end of Brown Clee, as 
here at Cleobury North © Copyright 2007 Andrew 
Jenkinson. 
 

Figure 46.  Dolerite from the Clee Hills revealing the 
paler colour due to weathering (in part due to oxidation of 
iron minerals and in part to the presence of secondary 
minerals and even growth of algae and lichen) along 
natural joint planes; the unweathered dolerite is dark 
bluish grey when fresh © Copyright 2007 Andrew 
Jenkinson. 

PERMIAN SANDSTONE 
The Permo-Triassic “New Red Sandstone” is 
represented by extensive deposits of sandstone 
across East and North Shropshire, outcropping 
along the Severn valley around Bridgnorth and in 
the isolated hills that stand above the North 
Shropshire Plain. Although rather weak around 
Bridgnorth (Figures 47 and 48), further north these 
have yielded good building stones, generally red in 
colour, at Nesscliffe and Grinshill, and in 
Shrewsbury (Figures 49 to 54). 

Hydrothermal alteration, by hot groundwater 
caused by a Tertiary dyke intrusion, has meant that 
a small volume at Grinshill became more 
effectively cemented and lost its red colour, 
becoming a pale yellowish grey: the Grinshill 
Stone (Figure 55). This is the best quality building 
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stone in Shropshire, can be shaped to form ashlar, 
and is in reasonably close proximity to river (and 
later rail) facilitating transport, particularly with 
the coming of the railways in the mid 19th century. 

Both pale grey Grinshill and red Permo-Triassic 
stones can be seen together in some Shrewsbury 
buildings, for instance St Julian’s church (Figure 
54), but more recently construction has favoured 
the more durable Grinshill Stone (Figures 56 to 
58). This has a pleasant pale colour and often 
shows a network of thin veins of barytes (Figures 
59 and 60). 

 

Figure 47.  Bright orange/red appearance of the gatehouse 
at Dudmaston, built out of Permian Bridgnorth Sandstone 
© Copyright 2007 Andrew Jenkinson. 
 

Figure 48.  Comparatively weak resistance to erosion of 
Bridgnorth Sandstone (compared to mortar) is illustrated 
on the Dudmaston gatehouse © Copyright 2007 Andrew 
Jenkinson. 
 

 
Figure 49.  Geological map of Shropshire showing the 
outcrop of Permo-Triassic sandstones and the location of 
Grinshill © Copyright 2006 Peter Toghill 
 

Figure 50.  Red Permo-Triassic sandstone used for All 
Saints Church at Grinshill © Copyright 2007 Andrew 
Jenkinson. 
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Figure 51.  Steps leading to a dwelling carved into the red 
Permo-Triassic sandstone at Nesscliffe © Copyright 2007 
Andrew Jenkinson. 

 
Figure 52.  Red Permo-Triassic sandstone used for the 
castle keep and balustrades at Shrewsbury © Copyright 
2007 Andrew Jenkinson. 

 
Figure 53.  Both pale grey Grinshill and red Permo-
Triassic seen together in the church boundary wall on the 
corner of Old St Chad's churchyard, on Belmont, 
Shrewsbury © Copyright 2007 Andrew Jenkinson.  

 
Figure 54.  Both pale grey Grinshill (above) and red 
Permo-Triassic stones (below) can be seen in the tower of 
St Julian’s church, Fish Street, Shrewsbury © Copyright 
2007 Andrew Jenkinson. 
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Figure 55.  Predominantly pale grey sandstone in the main 
face of Grinshill Quarry © Copyright 2007 Andrew 
Jenkinson. 
 

Figure 56.  Market Hall, Shrewsbury, built of Grinshill 
Stone © Copyright 2007 Andrew Jenkinson. 
 

Figure 57.  Former Shrewsbury School building, now the 
library, built of Grinshill Stone © Copyright 2007 
Andrew Jenkinson. 
 

Figure 58.  Main railway station, Shrewsbury, built of 
Grinshill Stone © Copyright 2007 Andrew Jenkinson. 
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Figure 59.  Close up of the Grinshill Stone used for the 
Butter Cross, Ludlow © Copyright 2007 M Rosenbaum. 
 

 
Figure 60.  Close up of Grinshill Stone used at the Market 
Hall, Shrewsbury, revealing characteristic (diagonal) 
veins of barytes © Copyright 2007 Andrew Jenkinson. 
 

 
Figure 61.  Not all buildings have employed stone in a 
manner sympathetic to the architectural style! © 
Copyright 2007 Andrew Jenkinson. 

CONCLUSIONS 
Vernacular buildings across Shropshire reflect the 
underlying geology. Until recently their 
importance for conserving the degree of 
distinctiveness in the restoration of stone buildings 
has not been widely recognised, a situation which 
is now being rectified by increased public 
awareness and changes to the planning regime. 

Some distinctive lithologies have a very 
restricted outcrop, yielding building stones for 
local use which may be the sole source of (local) 
supply, reflecting close proximity to the quarries 
and yielding the most accessible exposures today. 
Examples include Alberbury Breccia, Acton Scott 
Limestone, the Pentamerus Sandstone of Norbury, 
amongst others. These are the stones which give 
local distinctiveness to individual villages or 
estates. But others are equally effective at 
reflecting the local geology, from the red Keele 
Beds sandstone of Alveley to the pale grey 
Silurian limestone of Wenlock. 
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Palaeogeography of the Lower Palaeozoic 
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COCKS, L.R.M. (2008). Palaeogeography of the Lower Palaeozoic. Proceedings of the Shropshire Geological 
Society, 13, 49–57. The chief purpose of this brief review is to describe how the disparate parts of the British Isles 
have come together, with particular reference to their amalgamation in the Palaeozoic. It is now known that, prior 
to the Caledonide Orogeny of the Silurian, Britain was divided between two major terranes and has thus only been 
united for less than 10% of geological time. 
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BACKGROUND 
Based on the author’s address to the Geologists’ 
Association (Cocks, 2005) it is natural to assume 
that Britain has always been the sea-girt isle 
beloved of Shakespeare. However, as soon as one 
starts to look at British rocks and to understand her 
geology it becomes progressively obvious that, 
since the rocks contain numerous and varied 
fossils of marine origin, these islands have been 
under the sea for a very large part of geological 
time. For these reasons, Britain is one of the best 
places in the whole world in which to study 
geology, since the rocks represent a large 
proportion of the Earth’s history, with every period 
from the Precambrian to the Holocene represented 
by sediments and fossils. Shropshire emulates 
much of this within the compass of a single 
county. 

However, it is also natural to assume that the 
area now occupied by the British Isles has always 
been together as a single unit, if not always at 
today’s latitude and longitude. Once again: a 
fallacy. It is the chief purpose of this relatively 
brief review to describe how the disparate parts of 
these islands have come together, with particular 
reference to their amalgamation in the Lower 
Palaeozoic. 

Since the Palaeozoic, all the area of the modern 
British Isles has been joined together as a single 
unit and thus, although the seas have advanced and 
retreated many times in the Mesozoic to Recent, 
the changes in palaeogeography during the last 250 
million years have been much less fundamental 
than in the previous aeons. 

The past forty years have been a most exciting 
time for geologists: despite the preceding 200 

years of steady progress in geological knowledge, 
it has only been since the 1960s that geology has 
possessed the unifying theory of plate tectonics, 
comparable to the understanding brought about by 
evolution for the biological sciences. 

The effects of that global knowledge on our 
understanding of the geology and history of the 
British Isles have been astonishing. Most 
dramatically, we now know that Britain was 
divided between two major terranes until the 
Caledonide Orogeny of the Silurian, and has thus 
only been united for less than 10% of geological 
time. 

Identifying Terranes 
A terrane is a discrete piece of continental crust 
that is moving or has moved in relation to those 
blocks which surround it. 

Methods of establishing the locations of 
individual terranes include: 
• sea floor stripes and hotspot drift (applicable 

from the Jurassic, but not before due to the 
young age of oceanic crust) 

• palaeomagnetism (gives latitude and terrane 
orientation, but not longitude and can suffer 
from an overprint problem) 

• sediment distribution (cannot give longitude 
and is imprecise) 

• tectonic alignments (dodgy, but the only 
technique for the Precambrian) 

• palaeontology (only applicable from the 
Cambrian, and rather subjective) 

Fossils of rapidly evolving free-swimming 
creatures such as graptolites are good for dating 
and thus for correlation, but not for identifying 
terranes (Figure 1). The opposite generally holds 
true for shallow water, bottom inhabiting creatures 
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such as trilobites and brachiopods (Figures 2 & 3), 
but not always (Figure 4). 

 

 
Figure 1.  A graptolite (Monograptus crispus) useful for 
dating and thus correlation but not terrane recognition; 
collected by Cocks & Toghill (1973). © Copyright 
Natural History Museum, London 
 

Figure 2.  The trilobite Asaphus, indicative of Baltica. © 
Copyright Natural History Museum, London 
 

Figure 3.  The trilobite Bathyurus, indicative of Laurentia. 
© Copyright Natural History Museum, London 

 

Figure 4.  Trilobites are generally good facies indicators 
since many are bottom inhabiting creatures, and so 
restricted to terranes. However, this particular Welsh one, 
Pricyclopyge, has very large eyes and was a good 
swimmer, so is not good as a terrane indicator. © 
Copyright Natural History Museum, London 

Precambrian 

Northern Britain formed part of Laurentia, whilst 
Southern Britain was an amalgamation of several 
terranes which had become part of the huge 
supercontinent of Gondwana before 600 Ma. 

The fabric of the Welsh Borderland is governed 
by its location on the margin of the Midlands 
Microcraton, evidence for which comes from the 
thickness of the continental crust revealed by deep 
geophysics (Figure 5). 
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Figure 5.  The Variscan Front in relation to the Midlands 
Microcraton, the remnant of an ancient terrane. © 
Copyright Natural History Museum, London 

Cambrian 
With the caveat that they are restricted by facies, 
the similarity of fossils such as trilobites can be 
used as a general indicator of relative terrane 
location. For example, similarity of trilobites have 
been used to indicate the proximity of the Welsh 
Borderland continent (Avalonia) to Gondwana in 
the mid Cambrian (Figures 6 and 7). 

Such evidence enables maps such as Figure 8 
(for the Early Cambrian) to be compiled. Note that 
Baltica is here portrayed ‘upside down’, an 
orientation confirmed by its palaeomagnetism. 
Such continental masses have thus since rotated. 

As time progressed through the Cambrian, so 
the Welsh mass of Avalonia separated from 
Baltica but remained close to Gondwana (Figure 
9), separated by the narrow but widening Ran 
Ocean. 

 
Figure 6.  The trilobite Solenopleuropsis from Avalonia 
(Wales). © Copyright Natural History Museum, London 
 

 
Figure 7.  The essentially identical Cambrian 
Solenopleuropsis from Gondwana (collected in present 
day southern France), indicating that Wales was then part 
of Gondwana in the Cambrian. © Copyright Natural 
History Museum, London 
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Figure 8.  A general indication of relative terrane location 
for the Early Cambrian. Gondwana is the larger mass; the 
three smaller ones (left to right) are: Laurentia, Baltica 
and Siberia. © Copyright Natural History Museum, 
London 
 

 
Figure 9.  Palaeogeographic map for the Late Cambrian – 
white is land. Avalonia is still linked to Gondwana but 
separated from Baltica by the narrow widening Ran 
Ocean. © Copyright Natural History Museum, London 

Ordovician 

Brachiopods have been successfully used to 
reconstruct the palaeogeography of Ordovician 
times, enabling terranes to be distinguished 
(compare Figure 10 with 11). This has revealed 
that Baltica was remote from Gondwana, and 
rotated compared to its current orientation (Figure 
12). 

Gondwana itself was still vast, and covered the 
full range of prevailing climatic belts (Figure 13). 

By the Caradoc, significant continental drift had 
taken place, as shown by comparing Early with 
Late Ordovician palaeogeographies (Figure 14). 
The curved line to the left of the figure shows the 
palaeoequator; Laurentia (most of North America) 
straddled this at the time. Scotland and 
northwestern Ireland is the area shown to the east 
of Greenland; England, Wales and southeastern 
Ireland formed part of the Avalonia Terrane, 
originally part of Gondwana. 
 

 
Figure 10.  Endemic articulated brachiopods typical of the 
Lower and Middle Ordovician of Baltica. © Copyright 
Natural History Museum, London 
 

 
Figure 11.  Endemic inarticulated brachiopods distinctive 
of the Lower Ordovician of Gondwana. © Copyright 
Natural History Museum, London 
 
By the end of the Ordovician, southern England 
was 30 degrees south of the Equator and Avalonia 
was approaching Baltica (Figure 15). This period 
also saw a widespread glaciation, and the whole 
planet’s climate cooled significantly. Evidence 
exists in the form of glacial pavements (Figure 16) 
and decrease in carbonate sediments (Figure 17). 
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Figure 12.  Baltica in Ordovician times was rotated 
compared to its present orientation and was quite separate 
from Gondwana. © Copyright Natural History Museum, 
London 

 
Figure 13.  Contrasting climates across the vast expanse 
of Gondwana in Arenig times. © Copyright Natural 
History Museum, London 

 
Figure 14.  Palaeogeography of the Iapetus Ocean area in 
Lower Ordovician times (480 Ma); a polar projection 
modified from Cocks & Torsvik (2002). The curved line 
to the left of the figure shows the palaeoequator. This map 
shows only the outlines of the various terranes present, 
with some modern geographical coastlines added to assist 
terrane recognition. © Copyright Noregs geologiske 
undersøking, Trondheim, Norway 

 
Figure 15.  Palaeogeographic map of southern Britain for 
the Caradoc (Late Ordovician). England was 30 degrees 
south of the Equator and Avalonia was approaching 
Baltica. © Copyright Natural History Museum, London 
 

 
Figure 16.  Hirnantian glacial pavement in Algeria, of 
Late Ordovician age [from Beuf et al. 1972 © Copyright 
Editions Technip, Paris] 
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Silurian 
The Silurian Period saw a slow period of climatic 
amelioration, commencing with clastic sediments 
which became progressively more calcareous 
(Figure 17 & 20 from eastern Canada and Figures 
18 & 19 from the Welsh Borderland). 
 

 
Figure 17.  At what was then the Equator, a section on 
Anticosti Island in the St Laurence river, Canada, 
showing warmer Silurian Becscie Formation sediments 
overlying the basal Llandovery above a much warmer 
Late Ordovician bioherm of the Ellis Bay Formation. © 
Copyright Natural History Museum, London 

 
Figure 18.  Hope Quarry, Shropshire, exposing Middle 
Llandovery carbonates – warming up was taking quite a 
time. © Copyright Natural History Museum, London 

 
Figure 19.  Coates Quarry, Much Wenlock, exposing 
bioherms indicating much warmer and moister conditions. 
The world had by now recovered from the Late 
Ordovician glacial interval. © Copyright Natural History 
Museum, London 

 
Figure 20.  Road section exposing an almost complete 
succession from the Upper Llandovery into the Lower 
Devonian, Niagara, Canada. Llandovery limestone is 
overlain by thin Wenlock shale, overlain in turn by 
Ludlow carbonates and siltstones, capped by Pridoli 
clastic sediments. © Copyright Natural History Museum, 
London 
 
By the end of the Ordovician, Avalonia had 
collided obliquely into Baltica. By the end of the 
Silurian the combined Avalonia and Baltica 
subsequently bumped into Laurentia, with 
destruction of the Iapetus Ocean accompanied by 
the Caledonian orogeny. Warm climatic conditions 
now prevailed, with bioherms in eastern Canada 
and northern Greenland as well as the Welsh 
Borderland and the Urals. 

Meanwhile the Rheic Ocean to the south was 
widening, evidenced by study of ostracods (e.g. 
Cocks & Fortey, 1982) (Figures 21 & 22). 
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Figure 21.  Palaeogeography of Upper Silurian times. © 
Copyright Natural History Museum, London 
 

 
Figure 22.  A reconstruction of continental masses in 
Ludlow-Pridoli times using evidence from ostracods. © 
Copyright Natural History Museum, London  

 
The end of the Silurian saw jostling of terranes as 
the major continental masses came closer. Minor 
adjustments took place as ocean closure occurred. 
Studies of ostracods have been able to demonstrate 
these differences between the continental masses 
and reveal details of their evolution. 

The Silurian in other parts of the world 
included the Siberian craton, which has the 
thickest and most stable continental crust in the 
world. Like Baltica, in the Lower Palaeozoic 
Siberia was ‘upside down’ and has since been 
rotated by plate movements (Figures 23 & 24). 

Similar reconstructions have been compiled for 
the remnants of Gondwana, including the Middle 
East, the large adjacent continent of South China, 
Africa, India, Australia and Antarctica (Figures 25 
& 26). 

 
Figure 23.  The Lower Palaeozoic terrane boundaries 
within Asia. © Copyright Natural History Museum, 
London 
 

 
Figure 24.  The palaeogeography of Siberia in mid 
Silurian times. © Copyright Natural History Museum, 
London 
 

 
Figure 25.  Reconstruction of Lower Palaeozoic terrane 
boundaries from the Middle East to Burma. © Copyright 
Natural History Museum, London 
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Figure 26.  Reconstruction of Silurian terranes through 
Africa, India, Australia and Antarctica. © Copyright 
Natural History Museum, London 

Summary 
Scotland and northwestern Ireland were part of 
Laurentia, which today also makes up the greater 
part of North America. England and southeastern 
Ireland were parts, first of the Avalonian part of 
Gondwana until the earliest Ordovician and 
subsequently the independent Avalonia Terrane 
until its collision initially with Baltica in the latest 
Ordovician and, subsequently, with Laurentia in 
the Caledonide event. In addition, various much 
smaller terranes, which had existed in the various 
oceans surrounding the different parts of the 
British Isles, were accreted within the different 
phases of the Caledonide Orogeny, and are to be 
identified today along the closed Iapetus Ocean 
Suture Zone between Laurentia and Avalonia, 
which chances also to roughly coincide with the 
national boundary between England and Scotland. 

The later Variscan Orogeny, in the Late 
Devonian and Carboniferous, also affected these 
islands, not only tectonically distorting their 
southern parts, but also in the accretion of the 
microterrane which is today exposed in the Lizard 
Peninsula of Cornwall. However, the Variscan and 
much later Alpine orogenies were not nearly so 
significant in the development of Britain as was 
the Caledonide Orogeny in the Silurian. 

Subsequently, the unified British Isles were first 
part of Laurussia, secondly Pangaea and, finally 
today, after the Atlantic Ocean opened, at the 
northwestern margin of Eurasia. 

The key dates for the evolution of the terranes 
comprising the Welsh Borderland are summarised 
in the following table. 

 
425 Ma Mid-Silurian union of 

Avalonia-Baltica with 
Laurentia 

443 Ma End-Ashgill soft oblique 
docking of Avalonia with 
Baltica 

ca. 490 Ma Avalonia leaves Gondwana 
margin 

550 – 490 Ma “Avalonia” within 
Gondwanan margin 

610 – 530 Ma Transform system develops 
within “Avalonian” 
Gondwanan margin 

635 – 570 Ma Arcs develop uniting previous 
terranes 

1.2 – 1.0 Ga Varied terranes formed 
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The Silurian Herefordshire Konservat-Lagerstätte: a unique window on the evolution 
of life 
 

David Siveter1 
 

 
SIVETER, David J. (2008). The Silurian Herefordshire Konservat-Lagerstätte: a unique window on the evolution 
of life. Proceedings of the Shropshire Geological Society, 13, 58–61. The Herefordshire (Silurian) Konservat-
Lagerstätte is emerging as an exciting palaeontological discovery of global importance. It contains a variety of 
small marine invertebrates such as worms, molluscs, starfish, and brachiopods, together with a range of 
arthropods, plus many intriguing forms of yet unknown affinity. 

All of the fossils are beautifully preserved with extraordinary fidelity and, in three dimensions, complete with 
details of their soft anatomy. They occur as calcite in-fills within nodules entombed in an ancient volcanic ash that 
fell onto a moderately deep sea floor some 425 million years ago. The soft-bodied animals that became preserved 
are unknown elsewhere. The specimens are recovered from the rock as “virtual fossils”, by the use of micro-
grinding, digital imaging and computer reconstruction techniques. 
 
1Leicester, UK. E-mail: djs@leicester.ac.uk 

 

BACKGROUND 
The Welsh Marches are internationally renowned 
for the Silurian sedimentary sequence exposed 
there and the record this contains of the evolution 
of life, including a critical phase in the early 
colonisation of the land. The earliest well-known 
description of the fossils of the Silurian within the 
Welsh Marches is provided in Murchison’s The 
Silurian System (1839). Of necessity, this work 
was concerned almost exclusively with specimens 
that were visible to the naked eye. Microscopically 
small creatures were mostly unknown at the time. 

Much study followed in the succeeding century 
and a half, progress in Silurian geology and 
palaeontology being presented at an international 
gathering at Keele in 1989 – The Murchison 
Symposium – under the auspices of the 
Palaeontological Association, the papers from 
which were summarised (Bassett et al., 1990) and 
subsequently published (Bassett et al., 1991). At 
about the same time the stratotypes for the 
international series of the Silurian, two of which 
are in the Marches (the Wenlock and the Ludlow), 
were detailed in a ‘global standard’ book on the 
system (Holland & Bassett 1989). The most 
comprehensive account of Silurian sites in Britain 
is provided in a volume of the Geological 
Conservation Review series (Aldridge et al., 
2000). 

KONSERVAT-LAGERSTÄTTEN 
Our understanding of the history and biodiversity 
of life on Earth relies on the fossil record, and 
importantly on information gained from rare cases 
of exceptional preservation, where the soft parts of 
animals and even entire soft-bodied animals are 
preserved; such horizons are known as Konservat-
Lagerstätten. The importance of such deposits is 
that they provide key windows on the 
palaeobiology and palaeoecology of life in the 
past. The fossils that they contain can also often 
provide a better indication of biological affinity 
and insight into questions of evolution than can 
‘typical’ fossils where only the hard shelly parts 
are preserved. 

The recently discovered Herefordshire 
(Silurian) Konservat-Lagerstätte is one such 
deposit (Briggs et al., 1996). Its global 
palaeogeographic setting, on the micro-continent 
of Avalonia in the southern subtropics, is 
documented elsewhere (see Cocks 2008, this 
volume). Utilising studies on the sedimentary 
facies and the co-occurring macro-faunas, such as 
those documented by Ziegler et al. (1968), the 
sediments containing the Herefordshire biota can 
be shown to have formed on the outer shelf or 
upper slope area of the Welsh sedimentary basin at 
a water depth of 150–200 metres in mid-Silurian 
times, some 425 million years ago. 

The Herefordshire biota is emerging as an 
exciting palaeontological discovery of global 
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importance. World-wide there are only 20 or so 
key Konservat-Lagerstätten known, with hardly 
any from the Silurian. It thus provides a missing 
palaeobiological window between the more 
numerous Konservat-Lagerstätten known from the 
older Cambrian, such as the famous Burgess Shale 
fauna of British Columbia, and those in the 
Devonian. 

The Herefordshire Konservat-Lagerstätte 
contains a variety of small marine invertebrates 
such as worms, molluscs, starfish, and 
brachiopods, together with a range of arthropods, 
plus many intriguing forms of yet unknown 
affinity. Its age can be determined from 
macrofossils (graptolites and brachiopods) and 
microfossils (chitinozoan palynomorphs and 
radiolaria): it corresponds approximately to the 
level of the Sheinwoodian-Homerian stage 
boundary, within the Lower Silurian Wenlock 
Series. 

All of the fossils are beautifully preserved in 
extraordinary detail in three dimensions (Orr et al., 
2000), and are unknown from elsewhere in the 
world. Even completely soft-bodied animals, such 
as worms (Sutton et al., 2001a), have survived 
intact. This is somewhat surprising, and indicates 
that certain factors very early in the fossilization 
process mitigated to preserve the physical integrity 
and three-dimensionality of the animals within the 
nodules in which they occur. 

The fossils occur as calcite in-fills within the 
nodules which themselves are entombed in a 
volcanic ash (bentonite) that fell onto a moderately 
deep sea floor some 425 million years ago. Clay 
was apparently crucial to the preservation of the 
animals, surrounding the carcass almost 
immediately after burial and providing sufficient 
support to help maintain three-dimensionality until 
sparry and fibrous calcite precipitated in the void 
that resulted from the decay of internal soft tissues. 
It seems that calcium sourced from the volcanic 
ash during early diagenesis combined with the 
bicarbonate released from the decaying carcass, to 
produce calcium carbonate. The calcite in-fill, 
together with the surrounding protective nodule, 
ensured the long-term preservation of each fossil. 

It remains to be determined where the volcanic 
ash responsible for this remarkable preservation 
actually came from. The Dingle Peninsula in 
South-Western Ireland is a contender. There was 
Wenlock volcanic activity in the Mendips, but not 
at exactly the right time. Bohemian volcanoes 

were also active, at about the right time, but the 
palaeography shows the region to have been 
considerably further away from the Welsh Basin 
than it is at present. 

SPECIMEN PREPARATION 
A small team from Oxford (Professor Derek 
Siveter and Dr Mark Sutton, now London; and Dr 
Paddy Orr, now Dublin), Yale (Professor Derek 
Briggs) and Leicester (Professor David Siveter) 
universities has been working on these remarkable 
fossils since the discovery of the biota. The 
Herefordshire fossils cannot be extracted from the 
rock by conventional physical or chemical 
methods. Instead, each specimen is ground down 
20 microns (i.e. 0.02 mm) at a time and digitally 
photographed after each grind. For a single fossil 
this provides hundreds of images that can be 
stacked together as a series of closely spaced slices 
that can then be rendered in 3-D as a ‘virtual fossil’ 
by use of computer software, facilitating study, 
measurement and analysis (Sutton et al., 2001b). 
The computer reconstructions can even be turned 
into physical models of the animals through the 
use of rapid prototyping technologies. 
 

 
Figure 1.  A pycnogonid (sea spider) from the 
Herefordshire Konservat-Lagerstätte (Siveter et al., 
2004). © copyright David Siveter and colleagues. 
 
Certainly the most remarkable aspect of the 
Herefordshire fossils is that they have soft part 
anatomy preserved in detailed 3D. This has 
enabled verification of their similarity (or not) with 
living species, as in the case of a complete sea 
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spider (Siveter et al., 2004) (Figure 1), a 
brachiopod with its pedicle and other soft parts 
preserved (Sutton et al., 2005) (Figure 2), and even 
certain microscopic organisms such as two 
ostracod crustacean specimens, one a male, and the 
other a female with eggs in situ (Siveter et al., 
2003, 2007a) (Figure 3). Other forms include a 
trilobite-like arthropod (Siveter et al., 2007b) and a 
phyllocarid crustacean (Briggs et al., 2004) with 
complete sets of appendages, and even specimens 
illustrating metamorphosis in a barnacle (Briggs et 
al., 2005). Almost unbelievable as fossils, such 
material has caught the imagination of scientists 
and the general public alike. 

CONCLUSIONS 
The Herefordshire animals are from a period of 
geological time for which we have hardly any 
information about soft-bodied faunas. This quite 
remarkable fauna from the Welsh Borderland is 
therefore crucial in helping to fill a gap in our 
knowledge of the history of life and is fundamental 
to resolving issues about the relationships and 
evolution of various groups of animals. 
 

 
Figure 2.  A brachiopod from the Herefordshire 
Konservat-Lagerstätte, complete with its pedicle 
attachment structure projecting from the shell, and also 
other, tiny, attached brachiopods (Sutton et al., 2005). © 
copyright David Siveter and colleagues. 
 

 
Figure 3.  A male ostracod crustacean from the 
Herefordshire Konservat-Lagerstätte. One of its two 
valves has been removed to show its remarkably detailed 
internal soft-part anatomy (Siveter et al., 2007a). © 
copyright David Siveter and colleagues. 
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Geology in the community: the role of national government 
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BALDWIN, H. & DUNNE, P. (2008). Geology in the community: the role of national government. Proceedings 
of the Shropshire Geological Society, 13, 62–63. Attention is paid to the need for geoscientists to engage with 
politicians, helping to establish priorities through discussion and informed debate. Examples are drawn from SSSI 
protection, geohazards and climate change to illustrate how geology fits in with the broader social and political 
framework of the nation. 
 
1West Worcestershire, UK. E-mail: harriett@harriettbaldwin.com 
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OPPORTUNITIES 
Geoscientists need to engage with politicians, 
helping through discussion and informed debate to 
establish priorities. But how does geology fit in 
with the broader social and political framework of 
the nation? 

Changing political boundaries do not 
necessarily reflect geological facets, but most 
contain examples demonstrating the impact of 
geoscience on the landscape, from the legacies in 
urban areas of former mining (subsidence, 
collapse, flooding and gas) and industrial 
development (quarrying, waste disposal and 
contaminated land) to the development in rural 
areas of the transport infrastructure and 
exploitation of mineral deposits. The latter may 
carry images of huge holes in the ground and fleets 
of heavy vehicles, but responsible design assisted 
by sympathetic legislation enables modern local 
quarrying to evolve almost invisibly, effectively 
disguised within the landscape by appropriate 
deployment of spoil and controls on plant and 
machinery. 

MISSED OPPORTUNITIES 
However, earlier this year (2007) the Government 
missed an opportunity to protect the 57 Sites of 
Special Scientific Interest in the Ludlow 
constituency; there are a further 55 elsewhere in 
Shropshire and 232 more across the counties of 
Herefordshire and Worcestershire. 

New rules required under the Environmental 
Liability Directive (ELD) provide a minimum 
standard of protection by holding companies liable 

for polluting the environment. The ELD covers 
environmental harm that may arise from certain 
hazardous activities. These include the use of 
genetically modified organisms (GMOs), waste 
disposal and the discharge of pollutants to water. 
Unfortunately the Government’s plans for England 
currently exclude most wildlife species recognised 
as requiring protection (375 in total), and the 
SSSIs, of which there are over 3,000. 

The intention of the ELD is to introduce a 
‘polluter pays’ principle. By making businesses 
financially and legally accountable for any 
environmental damage they cause, they will be 
more cautious about what they do. It should 
prevent environmental harm and, if that does not 
work, the costs of putting things right should be 
borne by those causing the damage. 

The proposed legislation has two loopholes 
which could enable companies to avoid financial 
liability for damaging the environment. The 
‘permit defence’ would allow companies to avoid 
liability if they had been granted a licence for what 
turned out to be damaging activity, and the ‘state 
of the art defence’ excuses pollution if scientific 
knowledge at the time did not predict the potential 
harm. This may lead to inadequate research into 
side-effects, and allow polluters to continue to 
pollute. It will be the taxpayer who will have to 
pick up the bill. 

GEOHAZARDS 
The first author lives in the Teme valley, so having 
just been cut off by the re-establishment of the lake 
studied by Dr Peter Cross (Rosenbaum & 
Hodgson, this volume) it is relatively easy to 
believe the extraordinary fact that this river has 
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(geologically) recently reversed its flow direction. 
The second author lives on the banks of the former 
Glacial Lake Wigmore, prone to seasonal flooding 
but enjoying rich agricultural soils, again keeping 
to the forefront of ones mind the impact of 
geological history on the landscape. 

The second half of June and the middle of July, 
2007, saw exceptionally prolonged rainfall across 
South Shropshire, saturating the drainage system 
and causing widespread flooding. The floods 
brought out the best in people: emergency services, 
utilities, local councils and their contractors reacted 
with great speed and efficiency to help get people 
to safety and begin the clean-up; neighbour has 
supported neighbour. 

Many have had their homes flooded - 62 houses 
in Much Wenlock alone. In some cases repairs will 
take months to complete. The saddest sight in the 
constituency was that which faced the couple in 
Ludlow whose house collapsed into the river 
Corve. 

Is anyone to blame? The Environment Agency 
has responsibility for flood risk management and 
the River Severn basin is one of the few areas in 
the country where it has completed its plan. But it 
could not cope with the volume of water and had 
not foreseen all the places where problems would 
occur. 

With climate change likely to increase 
incidence of extreme weather, the Government 
does have a responsibility to pay more attention to 
flood risk management. Last year the Environment 
Agency spent some £70M less on inland flood 
defences than the year before. 

Record rainfall should add one more item on to 
Gordon Brown's 'to do' list: the Government 
should protect the people from climate change. 

This means recognising flood plains serve a 
purpose and stop building on them; stop cutting 
back DEFRA's budget to pay for its own mistakes 
in farm payments; and start giving greater priority 
to managing water resources and flood defences. 

A ROLE FOR GOVERNMENT 
A broader role for national government concerns 
its lead on combating climate change. Here there 
are opportunities for technical innovation, 
leadership and pump-priming for technological 
solutions. There are various examples of 
Government putting their toe in the water and 
trying to introduce market solutions by means of 

pump-priming, but the results have been 
disappointing. 

Science has a big part to play in these matters. 
British companies are innovative and keen to take 
advantage of whatever pump-priming the 
Government is prepared to put in place. They are 
willing to meet the regulatory burdens placed on 
them in the search for alternative solutions, and a 
regime is needed to encourage the practical 
implementation of ideas arising from the scientists’ 
imagination, an essential aspect of enabling 
enterprises to get going and a practical part of 
evolving a business. 

It was notable that the day of the Symposium 
was the date the Conservative Party’s Quality of 
Life Policy Group published its policy report on 
the environment (2007). At 549 pages, its contents 
are too large to print here, but it is available on-line 
(see below). The report is designed to trigger a 
national debate on policy solutions appropriate for 
our changing environment. There is need for 
geoscientific input and engaging with some of the 
suggestions. Such collaboration can effectively 
shape the policy debate and influence the 
manifestos of all political parties. 
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FRENCH, G. (2007). Geology in the community: with particular reference to the Shropshire Geodiversity Action 
Plan. Proceedings of the Shropshire Geological Society, 13, 64. The Shropshire Geodiversity Action Plan (SGAP) 
has been prepared with support from Natural England by a working group of the Shropshire Geological Forum 
and is one of a series of Local Geodiversity Action Plans which have been published in England under a process 
started by English Nature in 1998. 
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The creation of a Shropshire Geodiversity Action 
Plan (SGAP) has been a collaborative effort led 
jointly by the Planning Department of Shropshire 
County Council, the Museum Service of 
Shropshire County Council, the Shropshire 
Wildlife Trust, and the Shropshire Geological 
Society. This has been conducted on behalf of all 
geoscientific stakeholders within the County, 
represented by the Shropshire Geological Forum. 
The first draft has recently been published (French, 
et al. 2007), with the first public announcement 
being at the symposium. 

The SGAP provides a coordinating framework 
in which to progress geological conservation and 
interpretation based actions within the county. The 
plan is concerned with all evidence of geodiversity 
in Shropshire, from rock outcrops and landscapes 
to historic mining features, stone buildings and 
museum collections. It therefore has potential 
relevance to a wide range of audiences, including 
the minerals industry, farmers, landowners, local 
authorities, planning consultees, consultants and 
the education and tourism sectors. 

Central government advice in Planning Policy 
Statement 9 (Biodiversity & Geological 
Conservation) requires geological interests to be 
taken properly into account in land use planning 
decisions. The SGAP will provide greater clarity 
on geological conservation issues in response to 
this requirement. 
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Geological pioneers in the Marches 
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TORRENS, H.S. (2008). Geological pioneers in the Marches. Proceedings of the Shropshire Geological Society, 
13, 65–76. Shropshire provides a birthplace for the world’s first Industrial “Revolution”, from the early 1700s. 
This used Shropshire’s abundant, and varied, geological materials; like coal, iron ore, pitch/oil, and its various 
limestones and clays. Most commentators have however seen the rise of geology in Shropshire as much later, 
dating only from after 1839, when Roderick Murchison, the “King of Siluria”, ordered the county’s rocks in print 
in his The Silurian System and described its wondrous geology. 

The truth is more complex. There was much geological activity here before Murchison, much of it inspired by 
this early industrialisation, with a number of often fascinating figures. These include the sadly forgotten, and 
Cardington-based, Robert Townson and three Darwins. Others, whether Residents or Visitors, have included 
James Hutton, the supposed “father of modern geology”, and three members, or to-be, of the world’s oldest 
Geological Society, that of London, founded in 1807. One, a temporary resident, produced the first properly 
geological publication (and on Shropshire) which that Society produced, and, of the other two, both residents, one 
would soon guide William Buckland on his first ever field trip, with both these events in 1810, while the third later 
helped inspire Charles Darwin to become a geologist. 
 
1Madeley, Crewe, UK. E-mail: h.s.torrens@esci.keele.ac.uk 

 

BACKGROUND 
Shropshire’s world-pioneering Industrial 
“Revolution”, from the early 1700s, had used 
Shropshire’s abundant, and varied, geological 
materials; like coal, iron ore, pitch/oil, and its 
various limestones and clays. The navigable River 
Severn was also an important factor. 

But most commentators have regarded the 
rise of geology in Shropshire as dating only from 
1839, when Roderick Murchison, the “King of 
Siluria”, ordered the county’s rocks in print in 
his fine, two volumes, of The Silurian System. 

The truth is more complex (Torrens, 1990). 
There was a great deal of geological, or at least 
proto-geological, activity here before 
Murchison, much of it inspired by this early 
industrialisation, with a number of fascinating 
figures, some of whom are described below. 
Notably, this same period saw the evolution of 
geology as a science, with a double significance, 
whether in theory or practice (Torrens 2002). 

This is not the place to provide a detailed 
modern description of the geology of 
Shropshire. For this the reader is referred to 
Peter Toghill’s Geology of Shropshire (2006), 
where s/he can benefit from his detailed 
knowledge of local geology. 

HISTORICAL CONTEXT 
Study of the history of science, including 
geology, needs to rely on sources other than just 
publications (like manuscripts, diaries, pictures, 
etc.). Shropshire is no exception, but there are 
still early publications of note, which are not 
accessible. An example is the still, long lost, 
book by “A Farmer”, clearly one based near 
Ludlow, and published in 1802 (Farmer, 1802), 
of which we know only from a review (Anon., 
1804). 

Quarrymen regularly gathered and sold 
curios (i.e. fossils and crystals) to collectors. 
The British Library holds letters containing 
drawings of such specimens (like those of 
Shropshire trilobites sent to Emmanuel Mendes 
da Costa in the 1750's). Edward Salway (died 
1781) of Ludlow and Joshua Platt (1698–1776) 
of Oxford corresponded over fossils, the first 
clearly collecting and sending local fossils to the 
second, a well-known dealer. The curator of the 
Ludlow Museum, the late John Norton, 
discovered a letter between them dated 17th 
March 1774, in 1979 (which is now in Ludlow 
Museum, which this same Salway family later 
helped to establish), and kindly sent me a copy. 

The clergy also made observations at this 
time on what we might now call geology. One 
of the earliest such published records from 
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Shropshire was provided by the Swiss-born 
John Fletcher (1729–1785), Anglican vicar of 
Madeley and Methodist writer. He noted in a 
book (Fletcher, 1773) how a huge landslide had 
suddenly occurred on the left bank of the 
Ironbridge Gorge, below Buildwas, opposite 
where the large power station is now sited. The 
landslip happened on Thursday morning May 
27th 1773, and was so extensive that the River 
Severn itself was temporarily blocked. Fletcher’s 
sermon, on the subject, was delivered the next 
day and Fletcher later described this “dreadful 
phenomenon” in 33 pages, dated 6th July 1773, 
along with his Sermon, warning of the wrath of 
God, which followed on another 70 pages. This 
book was sufficiently popular, or at least god-
fearing, to go through at least six editions 
between 1773 and 1796. 

 

 
Figure 1.  Title page of the first edition of Fletcher’s 
Dreadful Phenomenon, 1773 (author’s collection). 

PIONEER GEOLOGISTS 
The author has written a number of papers 
emphasising how important the history of practical 
geological science is, and of the practical 
geologists themselves, a compendium of which 
was recently published (Torrens, 2002). The reader 
is directed to this, or these papers, for more in-
depth descriptions of some of the people and their 
contexts, together with sources and references to 
relevant bibliography. The following aims to give 
just a flavour of some of what has happened in 
Shropshire. 

Portraits dating from the 18th Century can 
provide an insight to the principal interests of their 
subject. The portrait of the early enthusiast for a 
volcanic origin for Derbyshire “toadstone”, John 
Whitehurst (1713–1788) (Figure 2), member of 
the Lunar Society, duly shows a then modern 
volcano (Vesuvius). Whitehurst also published a 
cross-section of Lincoln Hill, near Coalbrookdale 
to exemplify what he then knew of Shropshire 
geology (Figure 3). 

 

 
Figure 2.  An image on Wikimedia Commons of the 
painting of John Whitehurst, the geologist and 
clockmaker, by Joseph Wright (1734–1797). The original 
is in the Derby Art Museum.  
[http://upload.wikimedia.org/wikipedia/commons/0/07/W
hitehurst_John_by_Wright_of_Derby.jpg ] © Copyright 
2008 Derby Art Museum 
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Figure 3.  Section of strata seen at “Lincoln Hill, near Coalbrookdale, Shropshire” from John Whitehurst’s 1786 Inquiry, 
(second edition), pages 208-9, plate 3, fig 3  

“No. 1, 1, 1, strata of millstone-grit similar to No. 1 in the Derbyshire strata,  
No. 3, limestone;  
P P, strata of quartz pebbles;  
a a a, argillaceous stone;  
b b, bind;  
c c, coal”. 
(author’s collection). 

 
It was the Scot James Hutton (1726–1797), 
often revered as “the Founder of Modern 
Geology”, who drew early attention to the 
evolutionary character of the Earth, and who 
pointed out that an extremely long time would 
be necessary for this to take place. In the late 
eighteenth century, when Hutton was carefully 
examining such rocks, it was widely believed 
that the Earth had come into creation only 
around six thousand years earlier (on which 
complex subject see Barr, 1985), and that fossils 
were the remains of animals which must have 
perished during the Biblical flood. Sir Henry 
Raeburn’s portrait of Hutton, now in the 
National Portrait Gallery of Scotland, portrays 
geological specimens (a fossil and a mineral) 
alongside his piles of clearly geological notes 
(Figure 4). 

 
Figure 4.  A portrait of James Hutton (1726–1797) by Sir 
Henry Raeburn, courtesy of the Scottish National Portrait 
Gallery. 
[http://www.uwmc.uwc.edu/geography/hutton/James%20
Hutton%20grave.htm] © Copyright 2007 National 
Galleries of Scotland 

 



 H.S. TORRENS  
 

 

Proceedings of the Shropshire Geological Society, 13, 65−76 68 © 2008 Shropshire Geological Society
 

Hutton visited Shropshire in 1774, when he 
recognised the “Primitive” nature (i.e. today’s 
igneous and metamorphic rocks) of Wrekin rocks. 
Charles Greville (1749–1809), mineralogist, 
horticulturist, and collector - whether of minerals 
or at least one famous young woman - then went 
up the Wrekin with Hutton. Letters indicate that 
Hutton was already widely travelled and 
understood most of England’s geology well, save 
for Cornwall (Jones et al., 1994–1995). 

The Ketley ironworks master William 
Reynolds (1758–1803), a Shropshire Quaker 
until he was disowned for marrying his first 
cousin, merged engineering ingenuity with 
geological knowledge to develop several 
inclined planes for canals in Ironbridge, as well 
as creating the Tar Tunnel. Although oil had 
been discovered in Shropshire in earlier 
centuries, it had been largely forgotten until 
rediscovered while this canal tunnel was being 
excavated beneath Coalport. Here bitumen 
seeps from the Coal Measures into an adit 
originally driven in 1786 by Reynolds to serve 
as an underground canal carrying the produce of 
the Blists Hill mines. However, this discovery 
of bitumen, which was then exploited, meant the 
tunnel was not used to carry coal until a railway 
was laid through it, in 1796 (Brown & Trinder, 
1971; Torrens, 1993). 

A comparable development was due to the 
Shropshire-born geologist/physician Thomas 
Beddoes (1760–1803), who also owned quarries 
on Wenlock Edge, where lime works were 
developing. Beddoes tried to replicate geological 
processes by heating specimens in Reynolds’ 
furnaces. His paper of 1791 in the Philosophical 
Transactions of the Royal Society, on the “affinity 
between granite and basalt” (since he thought both 
had once been molten) demonstrate these interests 
(Beddoes, 1791). 

That extraordinary polymath Erasmus Darwin 
(1731–1802 - see King-Hele (ed.), 2002) of Derby, 
grandfather of Charles, was involved with these 
developments in Ironbridge. Reynolds had written 
of a “fountain of oil in Coalbrookdale”; Erasmus 
Darwin, who had heard of this through his 
Shrewsbury-based doctor son, Robert Waring 
Darwin, thought this oil was due to the heating of 
nearby coal, thereby confirming Hutton’s theories 
concerning the interior heat of the Earth. He also 
recognised the better oil-bearing conditions which 
would occur beneath (the less permeable) clays, 

which “prevented the sublimation of the oil”, as 
opposed to those beneath (more permeable) 
gritstones, which “favoured its evaporation” 
(Torrens, 2005). 

The Botanic Garden by Erasmus Darwin 
(Darwin, 1791) contains a figure illustrating his 
view of the structure of the Earth (Figure 5). His 
different strata are shown as separate entities, in 
separate basins or hills. This raised the big 
question as to how these so different groups could 
then be correlated. Erasmus Darwin died in 1802, 
but his correspondence the year before with 
Stebbing Shaw (1752–1802), the historian of 
Staffordshire, showed how well he understood the 
importance of answering such fundamental 
questions. Darwin thought solving these would 
bring wider benefits to society since, as he tried to 
advise poor Shaw, he rightly thought the ability to 
“search the bowels of the earth for different strata 
[yielding minerals and other industrial materials] 
would be of much greater use to mankind” than all 
the pedigrees in Shaw’s book. 

 
Figure 5.  “Section of the Earth”; a sketch by Erasmus 
Darwin to accompany Notes 16 to 24 on recognisably 
geological topics such as “Calcareous earth”, “Septaria of 
Ironstone”, “Flint”, “Clay”, “Coal” and “Granite” 
(opposite page 199 in Additional Notes to Part 1, Darwin, 
1798). 
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Robert Townson (1762–1827), the orphaned 
author of Travels in Hungary (1793), was for 
some years another notable Shropshire resident. 
His sister had married the vicar of Cardington, 
and the family came to live in the now lost 
village of Lydleys Hayes, below the Lawley, 
where he wrote his several important books. 
The next was in 1798, when Townson published 
one of the first treatises on mineralogy in 
English (Townson, 1798) (Figure 6). This was 
entitled The Philosophy of Mineralogy, in which 
he expounded “the general doctrines of this 
Science” and unavailingly urged the importance 
of such knowledge, in exploring the earth and 
uncovering its mineral resources. Next, in 1799, 
Townson published his Tracts and Observations 
in Natural History and Physiology, wherein he 
attempted a first description of the geology of 
Shropshire and its superposed sequences 
(Townson, 1799) (Figure 7). 

 
Figure 6.  Title page of Townson’s 1798 book, written 
below the Lawley in Shropshire (author’s collection). 
 

 
Figure 7.  Title page of Townson’s 1799 book, also 
written below the Lawley in Shropshire (author’s 
collection). 
 
Although he recognised the presence of fossils, 
Townson did not yet appreciate their 
applicability to stratigraphy. A rare copy of the 
last is now held in the Shropshire Library 
Collections in Shrewsbury. This was purchased 
as a thank you present to Anthony Carr, their 
former chief Librarian on his retirement. But 
poor Townson, having failed to gain patronage 
to travel and explore mineralogically, whether 
in India, Sierra Leone, or Canada in the 1790's, 
emigrated to Australia, in 1805 (see Torrens, 
2000). Sadly the Shropshire Archives Service 
did not consider that a large archive on 
Townson, which the author built up over many 
years, could be of any interest other than 
“academic”, and so rejected this gift when 
offered it. 

“A Farmer” was the anonymous author of the 
1802 book Thoughts on the Formation of the 
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Earth, and which was reviewed by Anon., 
(1804), but, both the book and the identity of its 
author, have since remained total mysteries, as 
no copy has ever been located (Torrens 2007). 
This book must have included a detailed 
description of Whitcliffe, the well known open 
ground facing Ludlow and site of major 
quarrying since medieval times, and it indicates 
an extant interest in the geology of this 
particular area by the beginning of the 19th

 

Century, some 30 years before Murchison’s first 
visit to the area. But national and Salopian 
library provisions have apparently failed to 
ensure that any copy has survived. 

William Smith (1769–1839), often regarded as 
the ‘father’ of English stratigraphy or even of 
English geology as a whole, knew something of 
the geology of Shropshire, but not a great deal, 
since he was rarely commissioned to work there 
(on which his finances entirely depended). 
However, he had established the twin principles of: 

• ordering strata, starting from the rocks we 
now place in the Middle Jurassic around 
Bath, and  

• the ability to then identify such strata, if 
they were sufficiently fossiliferous, and 

even in isolation from other outcrops, by 
those same fossils. 

 
Smith was originally a land and canal surveyor, 
but his new ability to predict where useful 
minerals might be sought meant that he became 
a “father of mineral prospecting” and often 
advised on whether particular land might 
contain economically valuable substances (see 
Torrens, 2001). He visited Shropshire in 1794 
(to study its canals) and again in 1801 (to advise 
on the coal deposits of South Shropshire). 

Smith’s maps confused the Mountain and the 
Wenlock Limestones (the former is now 
regarded as Carboniferous and the latter 
Silurian), and often the, rarely fossiliferous, Old 
and New Red Sandstones (Devonian and 
Permo-Triassic respectively). His several 
published cross sections include one of the 
rarest and most beautiful, from London to 
Snowdon which cuts across Shropshire, and 
through the towns of Ludlow and Bishops 
Castle (see also Wigley et al., 2007) (Figure 8). 

 

 
 
 

 
Figure 8.  The Salopian part of William Smith’s 1817 stratigraphic Section from London to Snowdon, from Fitton (1833, 35 
& Fig 1). Fitton then called this “at the time of its publication not only the first and most perfect display of the strata of this 
island ever published, but unquestionably one of the most perfect sections of any portion of the globe so complex, which 
ever had been published” (author’s collection). 
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Figure 9.  The map and line of section of Aikin’s 1810 Proposals for a Mineralogical Survey of Shropshire (author’s 
collection). 
 
 
On this Smith incorporated the information he 
had available on this area but, since this was 
both a considerable distance away from Bath 
and a considerable depth below the rocks he 
was familiar with there, it was bound to show 
less accuracy. Smith’s work had early on been 
encouraged by the Salopian William Reynolds, 
who hoped to sponsor Smith’s, to him, vital 
prospecting activities, but Reynolds was 
prevented from doing so by his early death in 
1803. 

The Shropshire dissenting clergyman, then 
naturalist and, both geological and chemical, 
author and lecturer Arthur Aikin (1773–1854) 
was an original co-founder of the Geological 
Society of London, in 1807. In 1810 he 
privately published Proposals for a 
mineralogical survey of the County of Salop 
(Aikin, 1810 – see Torrens, 1983). This was 
really his attempt to publish a geological survey 
of the whole county, a project on which he had 
been busy for some years. At the time the word 
geology still encompassed a new science, of the 

importance of which many were still all too 
unaware. The map, and cross section which 
Aikin included in 1810, were the first to be 
published by a Member of the Geological 
Society of London (Figure 9), a full 5 years 
before William Smith’s famous, much larger 
scale and hand coloured, map. 

Aikin was unable to publish his book, for 
exactly the same reason which also held back 
Smith’s attempts to publish his map, on which 
he had been working since at least 1801, before 
Aikin’s project had properly started. This was 
because too few subscribers came forward to 
support either of them. Geological book, and 
map, making, whether using hand-applied 
colour or black and white, was an expensive 
operation. Smith only finally succeeded thanks 
to the crucial intervention of the London map 
maker John Cary (1755–1835), but Arthur 
Aikin, despite the existence of the new 
Geological Society, had to abandon his attempt 
in 1816 after working on Shropshire geology for 
two decades (see Aikin, 1811). 
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Murchison, after an 1841 protest from 
William Fitton, did acknowledge that the notes 
prepared by Aikin had been passed to him and 
that many of Aikin’s earlier observations had 
become incorporated within his The Silurian 
System. Geological Society of London archives 
preserve Adam Sedgwick’s privately, but 
candidly, expressed letters of indignation at 
Murchison’s miserly under-allocation of credit 
to others, on reading a draft introduction of 
1836 to The Silurian System. 

Aikin’s unfulfilled survey project is an object 
lesson of the problems which faced a new 
science in a laissez-faire society like Britain. In 
France full state-support was soon, and quite 
differently, forthcoming. Such conditions have 
tended to cause new problems for historians 
both in apportioning credit and rescuing past 
workers from historical obscurity. 

The first resident practitioner of the new 
geology in Shropshire was the Newport-born, 
American-trained, and Shrewsbury-based doctor 
Thomas Du Gard (1777–1840), whose grave 
lies outside St Mary’s church in Shrewsbury. 
Martin Rudwick’s paper (1963) shows how 
strongly London-centric the Geological Society 
of London (GSL) membership was in its early 
years. Provincial members were granted 
Honorary Membership and expected to 
contribute to the Society’s activities despite 
living at such a distance. Du Gard was the sole 
GSL member based in Shropshire in the 1810s, 
and he soon accompanied the later Oxford 
Professor, William Buckland (1784–1856), on 
his first ever geological field excursion, when 
he visited Shropshire. Later it was Buckland 
who inspired Murchison with the choice of the 
Silurian region for his pioneering researches 
(Murchison, 1839). 

The Irish-born surveyor-engineer James Ryan 
(c.1770–1847) was a Director of Mines 
(Torrens, 1997). In 1804 he invented (and in 
1805 patented) an effective boring device 
without precedent. It was described as, and 
acted like, a surgical trepan, capable of 
recovering rock cores in reliably preserved 
sequences and orientations. But Ryan’s device 
was only sporadically adopted in his time. His 
invention was a great improvement on the only 
alternative then available, which gave only a 
ground up paste of the rocks which had been 
passed through. Ryan’s instead gave a cored 

sequence down to at least 100 feet, but was 
crucially more expensive to use. It also came 
upon the scene at a time when mine safety was 
the subject of a highly political debate, which 
pitted the safety lamps of the Royal Society’s 
Humphry Davy or the mining community’s 
George Stephenson, against improved 
ventilation measures in coal mines. 

Ryan’s device could be, and soon was, used 
across the Midlands, to bore better air 
ventilation systems throughout the mines. 
Latterly Ryan operated a mine in the Breidden 
Hills where there was feldspar-mineralised 
quartzite, including China Clay, which he sent 
for use as a glaze in the Potteries. He also 
founded a private Mining School in the 
Breiddens, in the 1820's, some 30 years before 
the first Royal School of Mines was founded in 
England in 1851, the precursor of today’s 
Imperial College, in London. Ryan’s Mining 
School was cited somewhere near Middleton, 
and established between 1819 and 1831. In view 
of its historical importance, attempts should 
now be made to locate it. 

 The only other early member of the 
Geological Society of London was the 
completely forgotten Richard Cotton (1760–
1839), who came from an old Shrewsbury 
family. One of his direct ancestors had been 
mayor in 1670. After earning his fortune in 
London as a warehouse man, and where he 
joined the Linnean Society in 1800, Cotton had 
settled back near Bridgnorth, by 1812 (when he 
now also joined the Geological Society, as “a 
gentleman partial to the study of geology”). 

It was Cotton, “in Shropshire, who knew a 
good deal about rocks” who, in about 1822, 
“pointed out to [the young Charles Darwin] the 
well known large erratic boulder in the town of 
Shrewsbury, called the bell-stone” (still 
preserved, now outside the Morris Hall there). 
“He told me there was no rock of the same kind 
nearer than Cumberland or Scotland and he 
solemnly assured me that the world would come 
to an end before anyone would be able to 
explain how this stone came where it now lay. 
This produced a deep impression on me and I 
meditated over this wonderful stone... and 
gloried in the progress of Geology” (Barlow, 
1958, 52). Cotton, who published nothing, did 
however build a cave on his estate at Woodfield, 
near Bridgnorth, by 1824, which he had “filled 
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with shells, fossils and petrifactions, arranged 
on ledges in the sides of the cave” (Anon., 1824, 
735–736). He died on 13th April 1839, aged 79, 
and has the distinction of a fine grave at 
Claverley, but on which the brass plate gives the 
wrong date for his death. 

Charles Darwin’s interests in natural history 
were strongly geological in their first 
orientations and we now have a fine study of 
Darwin as a geologist (Herbert, 2005). Judging 
from the literature he took with him on his epic 
voyage on The Beagle, and the company he kept 
prior to embarkation, it would appear that 
geology provided much of the motivation for 
this voyage and was later a vital foundation for 
his biological studies. Charles Darwin used 
Shropshire as a testing ground for these ideas, 
strongly influenced by Adam Sedgwick (1785–
1873), Professor of Geology at Cambridge, who 
is famous for establishing the Cambrian System 
based on its stratigraphy correlated by trilobites 
and graptolites. In effect, Darwin was 
Sedgwick’s geological apprentice. 

The 1830s were notable for the Reform Acts; 
one outcome of which was the foundation of the 
provincial, and itinerant, British Association for 
the Advancement of Science (BAAS). Geology 
now became a popular science, indeed the 
science of the populace, and very fashionable. 

Dr Thomas Lloyd (1802-1849) was a founder 
member of the Ludlow Natural History Society 
and a renowned collector of Old Red Sandstone 
fossils and the Ludlow Bone Bed. Indeed, 
Eurypterids are still occasionally unearthed 
within his former garden at the Broad Gate in 
Ludlow!  

This Ludlow Natural History Society was 
part of a national movement to found such 
Societies and attendant, often County, 
Museums, which had started in Worcestershire 
in 1833 (see Torrens, in preparation). From the 
early 1830's, Natural History Societies started to 
be established and many of these created their 
own museums. Ludlow is a prime example. The 
Ludlow Museum is a now proud part of this 

heritage and has had its own historian (Lloyd, 
1983). 

The Analyst (from 1834) was the first 
provincial natural science journal, at first again 
based in Worcester, and which mentioned, and 
recorded, the burgeoning activities of these new 
Natural History Societies, including that at 
Ludlow. 

 Field Clubs, like the Woolhope Club of 
Herefordshire, were to develop later with the 
coming of the railways. Their Transactions then 
helped record the part played in the 
“Silurianisation” of this region by the Reverend 
Thomas T. Lewis (1801–1858) who had been a 
student at Cambridge under Sedgwick, as had 
Charles Darwin, after his appointment as curate 
at Aymestrey, and who was also soon much 
involved with the Ludlow Natural History 
Society. 

It is now well established that Murchison 
effectively plagiarised Lewis’s stratigraphic 
ideas based on his fossil studies (Thackray, 
1979), collected over the five year period prior 
to Murchison’s first visit in 1831 (Torrens, 
1990). Nevertheless, it may be acknowledged 
that Murchison’s genius was both as a superb 
organiser (as befits such a previously military 
figure) and as a public orator, without whose 
efforts such local studies would in all 
probability have been lost to obscurity and their 
scientific value passed unrecognised. The extent 
to which Roderick Murchison made his own 
observations, records and collections is also 
now in no doubt, however much he relied also 
on others. He was often accompanied in the 
field by his wife, Charlotte (1788–1869), who 
was an accomplished artist who had a lively 
mind (Kölbl-Ebert, 1997). Some fossils named 
murchisonae were duly named after her [as all 
could realise if Latin was still taught!]. 
However, her field sketches were sometimes 
more artistic than geometrically accurate 
(Figures 10 and 11). 
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Figure 10.  The mid 19th Century sketch of Ludlow and the River Teme drawn by Charlotte Murchison, wife of Roderick 
Murchison (later Sir), probably drawn during her first visit to Ludlow, in 1831, and used on page 195 of The Silurian 
System (published 1839) to introduce Chapter 16 of the same name. This was reproduced as the frontispiece of the 1974 
(No.21) Bulletin of the Ludlow Research Group. On page 136 of Siluria, published by Murchison in 1859, this sketch is 
attributed to Lady Harriet Clive, to become Baroness Windsor, and Murchison explicitly contends that the strata beneath 
the castle are dipping as seen in the foreground. However, field evidence actually shows the beds to be dipping in the 
opposite direction at this point! Perhaps Charlotte (or Lady Harriet) merged two separate views to enhance the aesthetics, 
one of the church and castle looking east towards Titterstone Clee (the prominent hill in the distance), and another of the 
rocks exposed along the Bread Walk near the last major building stone quarry to have exploited the calcareous siltstone of 
the Whitcliffe Beds, some 300–400 m to the south (right) where their inclination is indeed to the right, as depicted here. In 
between lies the core of the Ludlow Anticline. 
 

 
Figure 11. Ludlow oil painting by E.J. Niemann in the mid 19th

 Century. A somewhat more realistic depiction of the scene 
than the previous painting (Figure 10). Copyright Shrewsbury Museums Service (SHYMS:FA/1991/032). 
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CONCLUSIONS 
There was much geological activity in 
Shropshire before Murchison, much of it 
inspired by its early industrialisation, with a 
number of often fascinating, if now sadly 
forgotten figures, some of whom have been 
discussed here. 
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BACKGROUND 
The field of environmental geology will be used to 
address the topic of challenges for the geoscientist. 

A journalist tries to answer the questions 
“What?”, “Where?”, “When?” and “Why?”, but 
not “How?”. For a geoscientist this corresponds to 
understanding the geography and structure of earth 
materials and the processes that created them; the 
“How?” question is perhaps the one which is of 
greatest interest to the scientist. 

When the modern environment is considered, 
an additional question is often “Who?”, since the 
influence of Man is an increasingly significant 
environmental factor, in most cases depleting and 
degrading natural resources. 

The on-going theme for geology is the 
continual re-instatement of its central importance 
to society. 

Global warming for instance is not a trivial 
challenge, neither to explain nor to develop a 
mitigating strategy. Nevertheless, the media have 
quickly latched onto this concept, especially the 
possible consequences, and Al Gore has certainly 
demonstrated the need for, and the power of, 
marketing. A pessimistic view is that the topic of 
global warming is now effectively owned by the 
media, the politicians and the market, and that the 
focus of scientific study has become directed and 
sensitive to public opinion. The temptation is to 
perform for the audience rather than undertake 
scientific study in a rigorous manner. This is 
exacerbated by a tendency for the popular media to 
escalate reports into a drama in order to hold 
interest, inadvertently giving a somewhat false 
image of what science can explain and help society 
achieve. 

However, the role of the media is crucial if such 
issues are to be successfully combated. Geology 
needs to help provide the ground-truth and a 
template of ‘normality’ against which recent 
developments can be compared, the ultimate goal 
being sustainable solutions, for which effective 
science communication is essential. Examples of 
how this might be achieved will be presented, 
moving down from global to local scales. 

ENVIRONMENTAL CHANGE RECORDED 
BY THE PARANÁ DELTA 

The first example is from South America, where 
land-use change and loss of forestation is of global 
concern. Yet Brazilian president Lula da Silva 
recently made clear, on a recent visit to Sweden 
(2007), that “the 21st century is for those countries 
that did not get their dreams fulfilled in the last 
century, and Brazil is not going to miss its 
chance”. 

An EU research initiative is currently directed 
toward evaluating climate change impacts on a 
continental scale in South America. However, a 
proposal emphasizing the geological control of 
response to past climatic change was turned down 
by the reviewers, who stated that the proposal 
“underestimated the role of climatic models to 
quantify the response of the catchment area to 
climate change”. In other words, models are to be 
used for their own calibration and are being taken 
as being more reliable than the reality supplied by 
a geological baseline! 

The situation can be illustrated by trees growing 
on the older sandy beach ridges which formed 
parallel to each other, the consequence of shore 
processes at the front of the Paraná Delta (Figure 
1). 
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Figure 1.  Paraná Delta, with tree-lined beach ridges 
separated by parallel and flooded troughs. See also Figure 
2. – photo by J. Milana. 
 
The delta has built out rapidly toward the SE, 
receiving sediment from the second largest basin 
in South America, which is drained by two large 
rivers: the Paraná and the Uruguay. The colour 
changes in the satellite image (Figure 2) show the 
changes in the Paraná Delta from wave to river 
domination over the last few thousand years as the 
delta grew toward the south-east. 
 

Figure 2.  The Paraná Delta in Argentina records the 
balance between sediment supply and coastal processes. 
Shoreline erosion is seen as lines in the centre of this 
satellite view, and this was followed by rapid infilling and 
delta growth toward the south-east (dark areas). In 
addition to climate changes and sea-level rise, the 
agricultural revolution has a major impact on the river 
system (note the checkerboard patterns on all sides of the 
delta). 

 
Deltas provide a sediment record that integrates 
over time the net effects of influences such as: 

climate, weathering, erosion sources and human 
impact. These are difficult to measure and nearly 
impossible to predict in such complex settings. 
Climate modellers use mainly historical data to 
gain resolution over short-term variations, but if 
the models do not successfully predict past 
changes, then there is need for scepticism 
regarding their forecasting ability. It would be 
unfortunate if the same debate about climate model 
reliability is repeated for each new study where 
modelling proponents present their prognoses 
without the baseline investigations that provide 
verification. 

DEEP BASINS IN THE BALTIC SEA 
A comparable example comes from the Baltic Sea, 
whose deep basins are frequently oxygen depleted 
(“anoxic”) (Figure 3). This arises because 
stratification and slow bottom water renewal is 
limiting the oxygen available for degrading 
organic material, mainly from plankton blooms. 
These are believed to have increased as a result of 
increased nutrient supply from land, especially 
phosphorus (P) from sewage and agricultural 
discharge. 
 

Figure 3.  Deep basins in the Baltic Sea – after Lepland & 
Stevens (1988). 
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Figure 4.  Changes in both oxygen and phosphorus levels 
following a major Baltic Sea storm in 1995 − after 
Stigebrandt & Gustafsson (2007). 

 
When mixing does occur, for instance following a 
major storm, as happened in 1995, the changes in 
both oxygen and phosphorus can be quite dramatic 
(Figure 4). Such natural “experiments” have led 
oceanographers at Göteborg University to suggest 
an engineering remedy that involves wind turbines 
to pump down oxygenated surface waters on a 
large-scale. 

Although the historical record clearly 
documents the recent spread of oxygen depleted 
areas, reflected by laminated sediments lacking a 
bottom fauna, the geological record also tells us 
that the Baltic basins have been prone to oxygen 
depletion in the geological past as well (Figure 5). 

 

Figure 5.  Manganese minerals demonstrating anoxic 
environments., both in recent sediments and about 1000 
years ago - after Lepland & Stevens (1998). 
 
A sediment core from the deepest basin, including 
the characteristic crystals of calcium/manganese 
carbonate, reflects a strongly reducing 
environment, as does the unique occurrence of 
manganese sulphide. Notably, these extreme 

conditions are found at the sea bed surface, the 
result of current conditions, but are found in layers 
sedimented about 1000 years ago. In fact, the 
mineralogy here, at 3 m depth, suggests more 
extreme conditions than those which occur today. 

Therefore, the question is whether human 
factors are necessarily so dominant. One 
hypothesis is that, since these earlier conditions 
coincide roughly with the Medieval Warm Period, 
climate warming may have a greater importance 
relative to nutrient supply than is normally 
considered in contemporary models. If so, then 
reduction of human nutrient sources may not have 
the desired effect, and eutrophication may 
continue. Artificial respiration, such as pumping 
down oxygenated waters, may have to continue 
much longer if we have actually decided to prevent 
the changes that might actually be a part of the 
environment’s natural development. 

This leads to the conclusion that a system 
perspective is necessary if human interaction with 
natural processes is to be correctly evaluated. 

HARBOUR SILTATION IN CALIFORNIA 
Moving down in scale, the environmental 
problems in the bay of Port San Luis, California, 
are part of a 3-week study tour for Swedish 
university students (Figure 6). This not only 
provides an element of baseline data collection but 
importantly provides an invaluable educational 
experience of human and environment 
interactions, including harbour siltation, pollution 
from urban and agricultural runoff, oil spills and 
other issues that are typical for local management 
concerns. 

It has consistently been successful for students 
to have contact with practical problems and local 
people who have to deal with this environment; 
textbook lessons alone are insufficient if a goal is 
to provide the training necessary for graduates to 
be able to develop practical solutions to real-world 
problems. 

Sediment processes such as erosion, movement, 
and accumulation are important for dredging and 
disposal activities. Relatively simple geological 
observations, interpretations and budget 
calculations have both economic and ecological 
importance. This requires the students to integrate 
theory with the site-specific information that only 
local practitioners can supply. This type of 
cooperative activity is not only valuable for 
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Figure 6.  Poster illustrating the 3-week study tour for Swedish university students to Port San Luis, California. 
 
teaching, but also improves the status of 
geoscience in the community. 

EDUCATION 

Geoscience education in Sweden is now almost 
entirely lacking within natural science courses 
taught in the country’s secondary schools. The 
universities have therefore tried to bridge the gap 
by introducing some field case studies whereby the 
students can gain an introduction to geological 
process (Figure 7). However, funding is limited, as 
are staff time and teaching resources, not to 
mention the problems of timetabling for both 
university and school. 

Nevertheless environmental problems, such as 
leakage from old landfills, are not only common in 
practice but offer a platform for demonstrating the 
stratigraphic architecture of the valleys nearby. 

Around Gothenburg the valleys are filled by 
Quaternary glacial deposits. Basic processes such 
as groundwater flow and contaminant dispersion 

are not easy concepts to begin with, but their 
relevance to real-life issues grabs the pupils’ 
interest and attention. However, somewhat 
different teaching skills are needed from those 
normally required of a research-active university 
academic – Swedish youth have the usual 
distractions, like cell phones, that can compete 
with almost any lesson plan! Nevertheless the local 
issues provide an active learning experience and 
group enthusiasm can build on this. 

In Sweden, during the last 4 years there has 
been a 50% drop in enrolments onto natural 
science programmes at secondary schools. The 
social sciences (business and economics) have 
gained at the expense of the natural and physical 
sciences. This is a real crisis for the latter, and the 
university programmes can expect this trend to 
pass on to them, preventing full recruitment onto 
existing programmes or requiring a revised 
curriculum to take account of the lower levels of 
base knowledge and initial ability. There will be an 
inevitable knock-on effect on higher degree 
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programmes, research and international 
competitiveness. 

Figure 7.  Extra curricula courses for Swedish school 
pupils exposing them to geoscientific issues in the context 
of environmental concerns. 

GEOSCIENCE COMMUNICATION 
These examples lead to the conclusion that 
(geo)science communication is most effective 
when it involves more than just one source of 
information. Interaction with societal factors and, 
ideally, integration with knowledge obtained from 
all possible perspectives is conducive to most 
goals, including education and the promotion of 
science within society. The latter is not in a 
particularly healthy state (Figure 8). 
 

Figure 8.  A recent excerpt from "Living Knowledge", a 
European network for community based learning. 
 
The following diagram (Figure 9) illustrates how 
any number of activities could be added, but the 
basic idea is that involvement brings forward both 
understanding and invested interest. 

Figure 9.  A diagram to illustrate how involvement brings 
forward both understanding and invested interest. 

 
Political interaction is not explicitly included but it 
may be noted that Al Gore concluded a talk at the 
American Geophysical Union meeting in 
December 2006 with a plea for scientists to more 
actively engage with (i.e. influence) politicians. 
Nevertheless politicians will continue to respond 
primarily to public consensus, especially when it 
grows by understanding and invested interest. 
Gore’s film on climate change has helped create an 
amazing growth in public consciousness over the 
last couple of years. Perhaps this will give the push 
politicians need to move on climate and other 
natural resource issues. 

CONCLUSIONS 
Hopefully these examples have helped bring 
forward the message that basic, even simple, 
science is very applicable to the needs of society. 
This symposium has been a celebration of 
geology, indeed two centuries of geology. 
Nevertheless geology is as relevant to the 
questions and concerns of today as they were 200 
years ago. 

Both dead-ends and turning points can be seen 
as essentially two perspectives on the same 
situation, just as strengths, weaknesses, 
opportunities and threats are all closely related. 
Perhaps it is not so ironic as it would first seem 
that now, when we have such an obvious, even 
desperate, awareness of the need for understanding 
the Earth, that the real impact of geoscientists is 
marginalised in all too many cases. 

Science communication is a challenge at all 
levels of society, and it is essential that this be 
effective if we are to maintain or increase our 



 R.L. STEVENS  
 

 

Proceedings of the Shropshire Geological Society, 13, 77−82 82 © 2008 Shropshire Geological Society
 

impact concerning important issues. Science 
communication is seldom effective if kept at the 
beginning of the continuum: “information – 
interaction – integration”, used to describe the 
interface between science and society. 

A few diverse examples have been used to 
illustrate some successful, and some questionable, 
applications of geoscience knowledge, and also the 
role that community contact has had in these 
applications. Climate change will induce 
continental-scale changes in large-scale systems, 
such as the Paraná/La Plata river basin in South 
America, and also very local effects, such as 
flooding and landslide risks along the Göta älv 
River in Gothenburg, Sweden. 

Technology allows proposals for larger and 
bolder schemes to “remedy” threats. Pumping 
oxygen to the deeper parts of the Baltic Sea to fix 
poor oxygen levels may counteract recent algal 
blooms, but is probably not compatible with the 
natural variability of this system as a whole. 

Another questionable “solution” to a common 
problem is “dig-and-dump” for polluted ground 
and sediments, rather than “concentrate and 
contain”, where short-sighted economies are 
mainly equated with time, that is to say, the time of 
the building project rather than a historical or 
geological scale. The issues of contaminated land, 
denial to development, and long-term (ill) health 
may be equally important yet too often are not 
adequately considered. 

Integrating research, education and practical 
demonstrations of the applicability of science can 

sometimes be achieved. The small harbour in 
California and an abandoned waste repository in 
Göteborg are two case-studies that have been 
described which have brought secondary and 
university students into direct contact with earth 
science theory and application. 

Yet one of the most alarming facts to emerge is 
that the dependent relationship between science 
and society is often not apparent to those who have 
a central role for moulding our future: decision-
makers and youth. 
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BACKGROUND 
Delegates at the Symposium reflected on the life of 
Dr Peter Cross (Figure 1), who died peacefully at 
his home on Bircher Common, Leominster, on 9th 
July 2007 at the age of 85. He had been hoping to 
have been able to come to the Marches Festival of 
Geology Symposium and his daughter, Stella, told 
us that he was actually browsing through the 
programme for the day when he collapsed in his 
chair. 

Peter revolutionised our understanding of the 
landscape in the Teme Valley and the Devensian 
history of the North Herefordshire area. His lasting 
legacy will be the work he did with Mike Hodgson 
arising from their collaboration during the 
mapping by the Soil Survey in the 1960s, 
culminating with publication in the Proceedings of 
the Geologists’ Association (Cross & Hodgson, 
1975). 

In the early sixties Mike Hodgson was posted 
by the Soil Survey of England Wales to their 
Wolverhampton office and as part of their regional 
programme was assigned to a survey of the 
Ludlow area (Hodgson, 1972). On arrival in the 
office there was a note on his desk from the 
colleague he was replacing briefing him about 
various aspects of the proposed project. The main 
text of the note included a lot of good advice. At 
the end, however, in a hurried postscript, was 
scribbled “There are extensive gravels at 
Woofferton; P. Cross of Spout House knows all 
about these.” 

It was some months before work was started in 
the Woofferton area and from time to time Mike 
Hodgson wondered who “P. Cross” was, and 
where was “Spout House”? Of all Hodgson’s 
colleague’s advice, this afterthought proved the 
most valuable. 

Peter Cross did indeed know a lot about the 
Superficial Deposits (“Drift”) of the area as he had 
been working on this material for some years. On 
first meeting this modest man, Hodgson and Cross 
joked about the remark that “P. Cross knows all 
about these”; this was the start of their co-
operation on the glacial diversion of the River 
Teme. 

Peter spent many of his spare evenings and 
weekends in the field recording numerous 
temporary sections that became exposed at that 
time. He combined this with his job as Head of 
Geography and Head of Maths at a local 
secondary school, his family life and his garden. 
He was a clear thinker and an assiduous, 
painstaking field worker. His work resulted in the 
award of an MSc (1966) and, later, a PhD (1971) 
from the University of London. This was not an 
easy thing to do part-time in those days. 

It was clear on first contact that there was 
almost a complete overlap between their activities 
and so Hodgson and Cross agreed from the start to 
combine their knowledge. Peter was the most 
delightful colleague and friend and couldn't have 
been easier to work with. Peter continued to 
maintain his interest in the local Quaternary 
geology long after Hodgson left the region. 
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Figure 1.  Photograph of Peter Cross ca. 1954 
 

RECORDING THE COUNTY’S GEOLOGY 
Peter Cross also contributed much to the 
Woolhope Naturalists’ Field Club, based in 
Hereford. He was the County Recorder of Geology 
for the Woolhope Club for ten years, and 
published several geological papers (see 
bibliography below). 

The Geology Recorder publishes about a page 
annually in the Transactions, reporting on current 
research and publications pertaining to 
Herefordshire. Peter’s accounts began in 1986 by 
describing the investigations for a new road 
planned to cut through Whitcliffe and thus the 
denuded Ludlow Anticline, which stretches west 
into Herefordshire. [Ed.: what happened to Mr 
M.G. Snape’s study of the rock cores for the 
proposed Ludlow by-pass, referred to by Peter? 
Google reveals that Snape was later to become a 
professional palynologist working for Robertson 
Simon Tech. Ltd. (Exploration Services), 
Llandudno.]. Peter also reported the discovery of a 
mammoth and two (sic) babies at Norton Farm 
near Condover (although this is near the middle of 
Shropshire rather than within Herefordshire!). 

Peter’s 1987 report, during construction of the 
Leominster by-pass, draws attention to a little 
cutting in glacial till which yielded a small boulder 

of distinctive gabbro from Hanter Hill near 
Kington, indicating glacial movement from the 
west. The cut was 0.9 km south of Ford Bridge 
[Grid 512 542]. 

Then, in 1991, the report mentioned Andrew 
Jenkinson’s guide to the geology of Mortimer 
Forest, based on Jim Lawson’s 1977 trail written 
for the Nature Conservancy Council. The latter 
had, in turn, been based on Jim’s Geological 
Journal article four years earlier (1973), describing 
the new exposures along the forest tracks. Another 
major publication in preparation at this time was 
the Geological Conservation Review Series 
volume on Fossil Fishes, in which Peter referred to 
the fieldwork by Maggie Rowlands. However, it 
was some time before this work was published, 
awaiting the intervention of David Dineley (1999a; 
1999b), engaged for the purpose by the Joint 
Nature Conservation Committee. 

In his annual reports, Peter Cross took the 
opportunity to emphasise the great value of 
geological observations recorded in the 
Transactions since their inception in 1852. 
Recording of ephemeral exposures is particularly 
useful and important; these are often only visible 
for just a short period during construction of roads, 
sewers and building foundations. 

Peter was succeeded in 1996 by Peter 
Thomson, in the centenary year of the Hereford 
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Earthquake. This had taken place at 5.32 am on 
17th December 1886, somewhere near the 
Woolhope Dome but deep within the crust along 
the northeast extension of the Vale of Neath 
Disturbance, now considered part of the Welsh 
Borderland Fault System. 

Peter Thomson picked up where Peter Cross 
left off, helping focus the recording and 
conservation of geologically important exposures 
within the County of Hereford, especially through 
Sites of Special Scientific Interest (SSSI) and 
Regionally Important Geological Sites (RIGS). 
This baton has since been taken up by the 
Herefordshire and Worcestershire Earth Heritage 
Trust. 

We have fond memories of a kind and generous 
man. Peter will be greatly missed. 
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The Ice Age Legacy in North Shropshire 
 

David Pannett1 
 

 
PANNETT, D. (2008). The Ice Age Legacy in North Shropshire. Proceedings of the Shropshire Geological 
Society, 13, 86–91. An ‘arctic’ landscape has been unveiled in North Shropshire by geologists, making it an ideal 
area in which to demonstrate the role of Ice Ages in the origin of our landscape. 

The classification of glacial deposits on published geological maps is shown to have both helped and hindered 
subsequent research. Boreholes for mineral assessment, construction and groundwater studies have enlarged a 
picture once restricted to exposures in gravel pits and small river, road or rail cuts. Progress has been made by 
appreciating that glacial deposits are three dimensional systems produced in varied depositional environments. 
Patterns in the hidden surface of the bedrock are also revealed, as is the impact on local river systems. These 
aspects are discussed in relation to the evolution of theories concerning glacial lakes. 
 
1Bicton, Shropshire, UK. E-mail: hostaholic@hotmail.co.uk 

 

BACKGROUND 
Hidden beneath the ‘green and pleasant’ land of 
North Shropshire there lies an ‘arctic’ landscape 
born of harsher conditions now only seen in 
mountains and higher latitudes (Figure 1). 
 

 
Figure 1.  Crosemere: an arctic landscape produced by 
waning glacial ice – the meres of North Shropshire are 
lakes within kettle holes, hollows formed where large 
blocks of glacial ice remained stagnant whilst moraine 
continued to be deposited around their margins, the 
hollows being left when the ice finally melted. © 
Copyright 2007 David Pannett 
 
Creationists still claim lack of (complete) 
knowledge as a reason for disbelieving all the 
evidence pertaining to the Ice Age, its origin and 
development. They would appear to prefer a 
biblically short timescale for the origins of the 
landscape, refuting the geoscientfic approach in 
favour of Robert Ord’s theory (Ord & Coote, 
1994) that Noah’s Flood is the cause and 
conveniently ignoring the problem of low 

evaporation rates and consequential low 
precipitation in cold climatic conditions at a time 
of supposed heavy rainfall, quoting as defence Job 
37:10 and 38:22. 

Geologists will be the first to admit that there 
are still gaps in their understanding of the Ice Age, 
but the evidence is overwhelming in support of 
climatic deterioration for the past 2½ million years 
leading to cold climate geological processes 
worldwide. Initially, disbelief in the effectiveness 
or indeed the possibility of British glaciations 
during the early nineteenth century, e.g. Joshua 
Trimmer’s paper (1834) which noted sea shells 
discovered within Shropshire’s gravel pits – 
thought at the time to have been indicative of “a 
rush of sea” across the West Midlands, but now 
believed more likely to have been the result of 
being scraped from the Irish Sea floor by glacial 
ice. 

The origin of the igneous Bell Stone in 
Shrewsbury was said to be a mystery at the time it 
was visited by the young Charles Darwin, but is 
now known to be a glacial erratic, probably from 
North Wales or the Lake District – indicative of 
extensive ice cover that had moved south for some 
considerable distance (Figure 2). However, early 
glacial ideas were dominated by experiences of 
visits to the Alps, with geologists trying to fit their 
observations to concepts evolved from study of 
processes and deposits in confined upland valley 
glaciers. It was not until much later that the 
concept of continental-wide glaciers on the scale 
of a Polar ice was extended to the British situation. 

Since then, geologists have for nearly two 
hundred years been steadily discovering and 
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interpreting the region’s complex features which 
could only have been produced by the actions of 
ice (Figures 3 and 4). Meanwhile farmers and 
builders have had to wrestle with various practical 
problems posed by the resulting deposits. 

Shropshire has a wealth of glacial features, 
indeed textbook-quality examples abound. 
Important moraine systems exist across the north 
of the county, notably Ellesmere, Barr Hill, 
Ironbridge, and west of Shrewsbury. Irish Sea 
glacial ice interacted with glacial ice flowing 
across from North Wales, depositing moraines and 
outwash plain deposits. There are also overflow 
channels within the Shropshire Hills across cols 
that were not glaciated, with consequent impact on 
river diversions and leaving terraces stranded on 
the hill sides (Figure 5). 

The classification of glacial deposits on 
published geological maps has both helped and 
hindered subsequent research. The Old Series 
Geological Survey mapping did not record the 
Quaternary deposits other than the river alluvium. 
The New Series paid more attention to what was 
formerly called ‘Drift’ but now known as 
‘Superficial Deposits’, the products of the Ice Age. 
However, problems have arisen since the New 
Series did not distinguish between sands and 
gravels laid down by low lying rivers, terraces or 
moraines. The lack of correlation between 
topography and mapped deposits inhibited 
interpretation. It was not until John Shaw’s studies 
(1972a, 1972b) that new theories evolved to 
satisfactorily explain the distribution of the 
Superficial deposits. 

 

 
Figure 2.  The Bell Stone, Shrewsbury – a glacial erratic 
derived from the Lake District which puzzled many at the 
time of the young Charles Darwin. Despite the notice on 
the wall above, this is not a granite; but it is igneous, 
probably a volcanic tuff from Snowdonia or the Lake 
District © Copyright 2007 David Pannett 

 

GLACIAL HISTORY 
The general setting of the Quaternary Period and 
its local impact, including the waxing and waning 
of glaciers across Shropshire, is described by Peter 
Toghill in his recent book Geology of Shropshire 
(2006). 

Anglian ice must have passed this way half a 
million years or so ago but the succeeding 
Wolstonian cold period no doubt helped to remove 
much of the evidence. [Although small fragments 
from the Anglian remain to the south, in North 
Herefordshire (Richards, 1998), it is not at all 
certain that Wolstonian ice as such came as far as 
the Welsh Marches, but the cold conditions would 
certainly have led to significant weathering by 
periglacial processes such as ice heave and 
solifluction – Ed.] Subsequently Devensian ice 
encroached, just a few tens of thousands of years 
ago, both from Wales and the Irish Sea, and it is 
these ice sheets that were responsible for 
developing much of Shropshire’s landscape as 
seen today. 

The Devensian glacial period takes its name 
from the Roman name for Chester, in recognition 
of the clear evidence that is present across the 
North Shropshire-Cheshire Plain. The landscape of 
the Ellesmere area is one well known example. 
Lesser known is the Severn Valley itself, where a 
Welsh glacier has left a ‘textbook’ pattern of lake 
basins, moraines, outwash plains and river 
terraces, and even buried sub-glacial channels. The 
latter have particular implications for the 
development of Ironbridge Gorge. 

 
Figure 3.  The location of Shropshire in relation to 
successive glaciations of the British Isles, the most recent 
being the Devensian). © Copyright 2007 David Pannett 
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Figure 4.  Glacial features in North Shropshire brought in 
during the Devensian. © Copyright 2007 David Pannett 
 

 
Figure 5.  Glacial features across Shropshire, mostly of 
Devensian age. © Copyright 2007 David Pannett 

GLACIAL LAKES ? 
Local river systems, like so many in the country, 
are still dominated by their Pleistocene inheritance. 
One example of this, which captured the popular 
imagination in the early 20P

th
P century, was 

recognition of the unusual course of the River 
Severn. Based on evidence of shorelines around 
Newport at around 100 m AOD in the north of the 
county, E.E.L. Dixon of the Geological Survey of 
England & Wales (now the British Geological 
Survey) suggested a vast ice-dammed lake had 
filled up here (Dixon, 1920; 1921), later named 
“Lake Lapworth” by Leonard Wills (1924). This 
supposedly overflowed to form the Ironbridge 
Gorge and thereby establishing a new route for the 
river, southwards instead of northwards to the Dee 
Estuary as hitherto. 

Although the “Lake Lapworth” model is 
associated with Wills, it was really the Geological 
Survey who promoted it, following contemporary 
ideas influenced by examples in North America. 
They subsequently extended the lake as far as 
Manchester in order to explain the distribution of 
Superficial Deposits that they had mapped, but this 
has shrunk considerably in recent years! 

Above Ironbridge the Severn Valley is broad 
and gentle, has a bedrock floor, and gradients that 
are generally indicative of flow NW rather than 
SE, i.e. opposite to the present-day direction of 
surface water flow. It is still partially choked with 
Buildwas sands and gravels, upon which the river 
has developed a classic meander belt, for example 
at Leighton (Figure 6). 

 

 
Figure 6.  The open form of the Severn Valley 
immediately upstream from the Ironbridge Gorge, 
Leighton View, Buildwas, with a bedrock floor that is 
sloping west, towards the camera. © Copyright 2007 
David Pannett 
 
The origin of the valley at Leighton puzzled Wills 
as its rock floor appeared to slope west (Figure 7). 
It is now appreciated that it was the product of 
subglacial erosion and forms part of a network 
extending westwards to Shrewsbury and beyond 
where it lies buried and hidden from view. It is 
mainly filled with fine sand similar to that 
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surviving at Buildwas and is exploited in several 
pits (Figure 8). Shaw was able to demonstrate that 
most of this had been deposited to a base level 
similar to that of the present gorge while still in an 
ice-contact environment. This means there need 
not have been a Lake Lapworth. 

Quarrying has also revealed small buried 
channels (Figure 9) while boreholes, especially for 
the Shropshire Groundwater Scheme, have 
clarified the extent of the network (Figure 10). 

 

 
Figure 7.  Fluvioglacial sands and gravels, Buildwas, 
revealing the remains of an infilled subglacial channel 
(which was initially a real puzzle). © Copyright 2007 
David Pannett 
 

 
Figure 8.  Fluvioglacial sands and gravels, Shrewsbury, 
filling a subglacial channel. © Copyright 2007 David 
Pannett 
 

 
Figure 9.  Subglacial channel (centre, middle distance, 
and foreground) cut into the Uriconian bedrock, Leaton 
Quarry. © Copyright 2007 David Pannett 

 
Figure 10.  Elevation of the Bedrock surface around 
Shrewsbury (located centre right); blue is below present-
day sea level. Taken from Bridge et al. (2001) and 
reproduced with permission of the BGS. (IPR/81-33c 
British Geological Survey © NERC 2008) 

IMPACT ON LAND USAGE 
At Shrewsbury there are practical implications 
arising from the network of subglacial erosion 
features. The River Severn loops around the town, 
incising its valley into both Superficial Deposits 
and Bedrock in such a way as to be explained by 
superimposition from stagnant ice (Figure 11). 
 

 
Figure 11.  The Severn meander through Shrewsbury 
celebrated at the same time as the author’s birthday! © 
Copyright 2007 David Pannett 
 
Beneath the Superficial Deposits under the town 
centre, the buried channel takes the bedrock down 
to almost sea level, requiring foundations for major 
buildings to employ very long piles (Figure 12). 

Where valley sides in soft sand have been 
steepened by river erosion, slopes can become 
unstable (Figure 13). 

The other bedrock hollow revealed in Figure 10 
lies upstream of Shrewsbury, where the river 
meanders across a plain of alluvium above deep 
glacial lake clays. It exhibits a deep narrow 
channel almost devoid of gravel (Figure 14), so 
helping navigation of vessels, which managed to 
reach up river almost as far as Welshpool. 
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The meander pattern is now stable but locally, 
due to additional loads resulting from road 
building and construction of a stone wharf, some 
bank failures have occurred. The toes of such 
rotational slips have exposed the clays on 
occasion, as ramps have been pushed up through 
the river bed, as at Melverley (Figure 15). 

From time to time, flood water is deep enough 
to temporarily bring the old “Glacial Lake 
Melverley” back to life (Figure 16). 

 
Figure 12.  Continuous flight auger being used to install a 
30 m bored pile for a new building foundation in central 
Shrewsbury, over a buried channel. © Copyright 2007 
David Pannett 
 

 
Figure 13.  The location of a substantial landslide on the 
north bank of the Severn in central Shrewsbury, induced 
by high groundwater pressure caused by flow through the 
sand of a buried channel. © Copyright 2007 David 
Pannett 

 
Figure 14.  The River Severn meandering across silt and 
clay filling a glacial lake basin, west of Shrewsbury. © 
Copyright 2007 David Pannett 
 

 
Figure 15.  Clay ramped up through the bed of the Severn 
by landsliding, Melverley, west of Shrewsbury. © 
Copyright 2007 David Pannett 
 

 
Figure 16.  The River Severn in flood, view from 
Breidden towards Llandrinio, west of Shrewsbury, so 
bringing the old “Glacial Lake Melverley” back to life. © 
Copyright 2007 David Pannett 

 
Below Shrawardine, around Montford and 
Montford Bridge, the landscape changes to a 
pattern of arc-shaped moraines, outwash plains and 
kettle holes (Figure 17). Through this glacial 
landscape the river has incised large-wavelength 
valley meanders. 
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Figure 17.  A sandur (outwash plain) with kettle holes, 
near Montford, North Shropshire. © Copyright 2007 
David Pannett 

CONCLUSIONS 
The overview of glacial features in North 

Shropshire has revealed a rich variety. The value 
of the area lies not only in the opportunities it 
presents for fundamental research but also the 
evidence for a clear message to the layman about 
the significance of Ice Ages in the development of 
our landscape, at a time when consideration of 
climate change is to the fore. 
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Glaciation and drainage evolution in the southern Welsh Borderland 
 

Andrew Richards1 
 

 
RICHARDS, A.E. (2008). Glaciation and drainage evolution in the southern Welsh Borderland. Proceedings of 
the Shropshire Geological Society, 13, 92–99. An introduction to the complex causes of changes in river 
behaviour, looking particularly at the longer term development of fluvial landscapes using the response of river 
systems in Herefordshire and the surrounding area to environmental change during the Quaternary. This draws 
attention to the need for more research in this aspect of the landscape, necessary for a full appreciation of the 
recent geological history of the Welsh Borderland. 
 
1Leominster, Herefordshire, UK. E-mail: richards_underhill@talktalk.net 

 

BACKGROUND 
The Welsh Borderland has been subject to at least 
two phases of widespread glaciation and 
significant river system development over the last 
half million years. River system development has 
received very little attention over the past few 
decades. This paper investigates the response of 
river systems in Herefordshire and the surrounding 
area to environmental change during the 
Quaternary. It provides an introduction to the 
complex causes of changes in river behaviour, 
looking particularly at the longer term 
development of fluvial landscapes in the region. 

DEVELOPMENT DURING THE TERTIARY 
AND EARLY QUATERNARY 

Five hundred thousand years ago the British 
landscape was somewhat different from today. The 
earlier up-doming of the Irish Sea Basin and NW 
Britain prior to plate divergence and the opening of 
the North Atlantic had controlled river evolution 
across the British Isles throughout the Tertiary 
(Cope, 1994). This is essentially the reason why so 
much of the high ground of central Wales seems to 
be a plateau dissected by deep valleys. To the east, 
across England, the general flow of the rivers, as 
with the dip of the rock beds beneath, was 
consequently towards the ESE, away from the up-
domed region. 

However, in detail many of the major rivers we 
know today either did not exist, as for example the 
River Avon in Warwickshire, or flowed along a 
quite different course, as for example the Severn. 
There were also rivers that have since disappeared. 

The painstaking work of reconstructing this lost 
landscape has been carried out by the research of 
several geologists and other specialists, notably 
Professor Fred Shotton, Head of the Geology 
Department at Birmingham University for many 
years, and John C.W. Cope, formerly at Cardiff 
University and now Honorary Research Fellow at 
the National Museums & Galleries of Wales. 

These ancient river systems were either 
obliterated or fundamentally altered by the severest 
glaciation known in British geological history, the 
Anglian glaciation. Around 478,000 years ago its 
ice sheets flowed down from the northwest 
covering most of Britain as far south as London. 
This cold period lasted for almost fifty thousand 
years. The Anglian glaciation is just one – if a very 
severe example – of a number of fluctuating 
climatic events that are known collectively as the 
Pleistocene (Ice Age). 

However, little is known about the early 
glaciations in the Welsh Borderland since any 
deposits have been destroyed by the Anglian, itself 
largely swept away by the glacial processes 
associated with the more recent Devensian glacial 
advances. However, there is limited evidence for a 
superimposed E-W drainage, of unknown (but 
Pre-Anglian) age, for instance the col near Alton 
where the Teme changes direction at Knightwick. 

The Pleistocene in fact comprises a number of 
cold stages, known as glacials, and warm stages, 
known as interglacials, with many more minor 
climatic variations in between. Since the Anglian 
glaciation there have been globally been eleven 
glacial and interglacial cycles, evidence for which 
comes from cores recovered from (undisturbed) 
regions in the Antarctic and the deep sea (Figure 
1). 
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Figure 1.  Climatic (temperature) variation during the last 
160,000 years of the Quaternary, reflected by oxygen 
isotope data © Copyright 2006 Andrew Richards. 

LANDSCAPES IN THE WELSH 
BORDERLAND 

An important phase in the study of landscapes in 
the Welsh Borderland was led in the 1950s by Eric 
Brown, based on analysis of the topography and 
the near surface deposits on high ground (Figure 
2). Brown (1960) recognised the importance of: 

• Passive/active tectonic controls 
• Phases of marine incursion 

 
Brown (1960) thereby deduced (Figures 3–5) that 
the ‘original’ drainage patterns owed their 
development to: 

• Uplift of a domed structure 
• Rivers radiating from a focus in Snowdonia 

o Fresh rock cover 
o Uplift 
o Some superimposition 

• Marine incursions 
 
Drainage patterns on the High Plateau exhibit: 

• Phases of endogenic and eustatic change 
• High cols with early weathered profiles 
• Structurally-driven modifications of 

consequents 
 
Drainage developed during the Middle Peneplain 
Stage showed further expansion of the network 
under structural influence. 

The Lower Peneplain Stage saw the 
development of the modern rivers Severn, Wye 
(above Glasbury), Teme and Lugg as discordant 
routes (Figure 6). 

The effects of the glacial/interglacial cycles on 
Britain’s rivers formed the valley landscape we 
know today. Fast-flowing rivers transported sand 
and gravel, which were deposited to a depth of 
several metres in the valley bottoms. During the 
glacial/interglacial cycles the rivers cut down 
through earlier deposits and laid down fresh 
deposits of sand and gravel. This process has 
resulted in creation of a series of terraces along the 
river valleys, with the highest terrace being the 
most ancient and the lowest the most recent. Much 
geological research and controversy surrounds the 
interpretation of these terraces and their correlation 
with specific glacial events. 
 

 
Figure 2.  The principal erosion surfaces of Wales, now 
believed to be of Palaeogene or Neogene (formerly 
Tertiary or Quaternary) age, from Brown (1960). From 
highest to lowest: purple represents the Monadnock 
Group; green represents the High Plateau; brown 
represents the Middle Peneplain; yellow represents the 
Low Peneplain. © Copyright University of Wales Press. 
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Figure 3.  Rivers radiating from a focus in Snowdonia, 
from Brown (1960) © Copyright University of Wales 
Press. 

 

 
Figure 4.  The succeeding High Plateau Phase, from 
Brown (1960) © Copyright University of Wales Press. 

 
Figure 5.  The Middle Peneplain Stage, from Brown 
(1960) © Copyright University of Wales Press. 
 

 
Figure 6.  The succeeding Lower Peneplain Stage, from 
Brown (1960) © Copyright University of Wales Press. 
 

GENERAL CONSIDERATIONS 
The river-transported deposits of sand and gravel 
now form a valuable resource, extensively 
exploited in this area, as elsewhere, on behalf of 
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the construction industry. Such deposits also 
contain valuable evidence of past environments in 
the form of fossilised remains of plants and 
animals as well as evidence of early human 
activity in the form of stone implements and 
settlements (e.g. burnt ground around food 
preparation sites). 

The most recent major cold event, which 
peaked around 18,000 years ago, saw the last 
major advance of ice sheets across the country. 
This was the Devensian glaciation, which came as 
far south as Birmingham and covered much of 
Herefordshire. The current warm phase (the 
Holocene) began about ten thousand years ago. 

General considerations for research attempting 
to identify the various influences on drainage 
development can be considered under the 
following categories: 

• Endogenic 
o Volcanism 
o Seismicity 
o Tectonics 

• Eustacy 
• Exogenic 

o Geomorphological processes 
o Glaciation 

 
The major processes influencing river system 
development in Wales in terms of relief and 
drainage need to recognise the dominating 
importance of the role of glaciation (Figures 7a & 
7b). In order to develop a robust model for pre- 
Quaternary drainage system, the processes need to 
be sensitive to the: 

• Dominant N-S/ NW-SE grain 
• Structural influence of major basins 
• Tranverse drainage 

 

 
Figure 7a.  The broad influences of process on river 
system development © Copyright 2006 Andrew Richards. 

 
Figure 7b.  The broad influences of process on river 
system development © Copyright 2006 Andrew Richards. 

PLEISTOCENE PALAEOGEOGRAPHY 
The river drainage network of the Welsh 
Borderland can be set in its broader 
palaeogeographic framework by the work of 
Gibbard (1988), developed on the tectonic fabric 
of the country identified by Gibbard & Lewin 
(1993) (Figures 8 to 13). 

Small outcrops of superficial deposits have 
yielded dateable evidence, for instance on the 
Bromyard Plateau where Pre-Anglian or Early 
Anglian (cold stage, but not glacial) gravels occur 
between Tenbury and Bromyard. Similar deposits 
outcrop in the Cradley Valley gravels. 
Consideration of their (high) altitude argues for 
their relatively old age. 

The Humber Formation comprising high level 
gravels at about 110 m elevation from early 
tributaries of the River Lugg is overlain by glacial 
deposits of Anglian age. The Humber Formation 
comprises locally derived clasts indicating 
derivation from the North (Bunter, coal, 
Longmyndian, Uriconian; even rolled flints which 
might either be natural or the remains from 
activities of early Man). The North to South flow 
predates the Teme. 

Of similar age is the Mathon Formation, just 
west of the Malverns. The Mathon River is 
possibly a precursor of the Severn, or even the 
Thames (Gibbard & Lewin, 1993). This area is 
now geomorphologically stagnant and thus 
materials have been accumulating over long 
periods and have good archive potential. 

Superimposition of drainage systems over the 
earlier landforms may explain the common 
occurrence of transverse drainage patterns in the 
Welsh Borderland. 
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Figure 8.  Underlying tectonic influence for Quaternary 
river development in the Welsh Borderland, high ground 
to the NW, low ground towards the SE, after Gibbard & 
Lewin (1993) © Copyright Journal of the Geological 
Society, London, vol. 160. 
 

 
Figure 9.  Late Pliocene – Early Pleistocene 
palaeogeography, after Gibbard (1988) © Copyright 
Philosophical Transactions of the Royal Society of 
London, vol. B318. 

 
Figure 10.  Early to Middle Pleistocene palaeogeography, 
after Gibbard (1988) © Copyright Philosophical 
Transactions of the Royal Society of London, vol. B318. 
 

 
Figure 11.  Palaeogeography during the glacial maximum 
of the Middle Pleistocene, after Gibbard (1988) © 
Copyright Philosophical Transactions of the Royal 
Society of London, vol. B318. 

 
Figure 12.  Palaeogeography during the temperate phase 
of the Late Middle Pleistocene, after Gibbard (1988) © 
Copyright Philosophical Transactions of the Royal 
Society of London, vol. B318. 
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Figure 13.  Palaeogeography during the return of glacial 
conditions on the later Middle Pleistocene, after Gibbard 
(1988) © Copyright Philosophical Transactions of the 
Royal Society of London, vol. B318. 
 
The evolution of the river drainage network of the 
Welsh Borderland can now be considered within 
this wider palaeogeographic framework, building 
on the work of Richards (1998) (Figures 14 to 19). 
These developments are effectively demonstrated 
by the evolution of the River Lugg in the vicinity 
of Eaton Hill, south of Leominster (Figure 20). 
The Lugg was a much larger river in the Mid-
Pleistocene than it is today; the other main river at 
the time was the Mathon River. 
 

 
Figure 14.  Pre-Anglian drainage patterns in the Welsh 
Borderland and the development of the Mathon River 
west of the Malverns, after Richards (1998) © Copyright 
Journal of Quaternary Science, vol. 13. 
 

Figure 15.  The coverage of glacial ice in the Welsh 
Borderland during the Anglian glaciation, evidenced by 
the sediments of the Risbury Formation, after Richards 
(1998), Richards (1999) and Coope et al., (2002) © 
Copyright Journal of Quaternary Science, vol. 13. 
 

 
Figure 16.  Post-Anglian drainage patterns in the Welsh 
Borderland, evidenced by alluvial sediments, after Hey 
(1991), Richards (1998) and Richards (1999) © Copyright 
Journal of Quaternary Science, vol. 13. 
 

 
Figure 17.  Pre-Devensian drainage patterns in the Welsh 
Borderland, after Cross & Hodgson (1975) and Lewis & 
Richards (2005) © Copyright Logaston Press. 
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Figure 18.  Late-Devensian drainage patterns in the Welsh 
Borderland, after Lewis & Richards (2005) © Copyright 
Logaston Press. 
 

 
Figure 19.  Post-Devensian drainage patterns in the Welsh 
Borderland, after Lewis & Richards (2005) © Copyright 
Logaston Press. 
 

 
Figure 20.  The evolution of the River Lugg in the vicinity of Eaton Hill, south of Leominster, after Lewis & Richards 
(2005) © Copyright Logaston Press. 
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CONCLUSIONS 
The modern landscape of the Marches has 
developed as a consequence of the: 

• Structural framework providing first a N-S 
and then a W-E structural influence on 
drainage patterns 

• Mathon Formation providing evidence of a 
N-S drainage pattern and tributaries in the 
Middle Pleistocene 

• Lugg, Wye, Teme and Severn Valley 
Formations providing a wealth of 
information for Post-Anglian/ Pre-Late 
Devensian developments 

• Glaciations throughout the Pleistocene 
having a direct influence by: 

o diverting river courses 
o promoting lines of transverse drainage 
o excavating structural basins and 

expanding the drainage network 
 
Opportunities for future research concerning the 
landscape of the Welsh Borderland and its river 
system development include: 

• More detailed examination of passive and 
active tectonic controls on local river 
development 

• Study of high level gravel remnants in both 
Herefordshire and Shropshire 

• At least four discrete terrace aggradations in 
the Wye, Lugg and Teme Valleys 

• Palaeoecology 
• Dating by correlation with marine sequences 

(which have very high resolution) 
 
There is thus plenty of scope for more research 
into these aspects of the landscape, necessary for a 
full appreciation of the recent geological history of 
this fascinating region. 
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BACKGROUND 
It is perhaps not surprising that the Marches is 
renowned for its geology since the region includes 
representatives from all twelve internationally 
recognised periods of geological history, from the 
Precambrian to the Holocene, spanning some 700 
million years of earth history. Included within 
these are four which were defined on the basis of 
the evidence discovered here: Cambrian, 
Ordovician, Silurian, Devonian, and a fifth, the 
Permian, was subsequently defined on the basis of 
techniques first worked out in the region. 

One of the reasons that the area is so interesting 
and varied is that it is a geological “frontier zone”. 
For instance: 
• The Malvern Fault, running North South, represents 

an ancient and fundamental division that has 
asserted considerable influence through time, at the 
join between two small Precambrian continental 
terranes (Barclay & Pharaoh, 2000). 

• The Church Stretton Fault/Neath Valley Disturbance 
and the parallel Pontesford/Linley Fault, both 
running North East to South West, form the 
boundary between areas of Caledonian folding to 
the west and relatively undisturbed, older 
continental crustal terrane to the east, quite possibly 
on, or close to, a major plate boundary during the 
Silurian (Woodcock & Gibbons, 1988). 

• The region was uplifted as a huge dome towards the 
end of the Cretaceous as crustal tensions developed, 
eventually ripping North America apart from 
Europe to create the North Atlantic Ocean. One of 
the associated “hot spots” developed in the eastern 
Irish Sea basin, raising the elevation of Wales and 
the Marches. Much of the drainage system 
recognizable today developed on this uplifted area 
(Cope, 1994). 

• The Pleistocene Ice Sheets encroached the lower 
ground, but probably left the hill tops ice-free, 
creating a complex local topography that includes 
hummocky terrain as moraine accumulated beneath 

the ice or was dumped as the ice melted, along with 
considerable disruption to the drainage system, 
diverting rivers, flooding valleys and eroding new 
landscapes (Lewis & Richards, 2005). 

 
Our current level of understanding of the 700 Ma 
evolution of the Marches is based upon detailed 
evidence acquired through diligent collecting and 
recording by generations of enquirers. Its 
interpretation is due to the skills that geologists are 
able to employ to read it. The earliest geological 
publication by the world’s first geological society 
is by Arthur Aikin (a pamphlet of 1810 followed 
by a paper of 1811), since when there have been 
many more, of the order of one thousand in peer-
reviewed publications. However, many questions 
remain unanswered, awaiting discovery of new 
facts and interpretation, or re-interpretation, as new 
ideas emerge. 

The Ludlow Research Group (LRG) has been 
particularly effective at encouraging geological 
research in the region since its inception in 1951, 
essentially through establishing a network of 
contacts fostered by annual meetings in the field. 
The revised stratigraphy emanating from the LRG 
was first publicly demonstrated in the field to the 
Geologists’ Association (Allender et al., 1960). A 
full written record of the Group’s work exists 
within the annual Ludlow Research Group 
Bulletin. 

The LRG grew from a small team of young 
researchers at Manchester University (notably Jim 
Lawson, Charles Holland and John ‘Mac’ 
Whitaker and, later, Vic Walmsley). Their aim 
(guided by Dr Stephen Straw, 35 years a lecturer at 
Manchester and himself a Ludlovian researcher, 
first on fish remains in Ludlow and then 
conducting geological mapping of the Builth area) 
was to further research into the detailed geology of 
the Ludlow area with particular reference to rocks 
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of Upper Silurian age, their importance having 
been recognized over a century earlier by local 
naturalists (notably the Rev Thomas Lewis and Dr 
Thomas Lloyd) (Lloyd, 1983) and publicised by 
Roderick Murchison. 

It is, incidentally, nearly 175 years since 
Roderick Murchison first publicly described his 
interpretation of what had previously been called 
the “Grauwacke Series” within the “Transition 
Rocks”, in a paper read to the Geological Society 
of London on April 17th 1833 and published in the 
Proceedings for that year. A page from his 
notebook of the time is reproduced in Figure 1. 
This led in 1839 to publication of his milestone 
book: The Silurian System. 

 

 
Figure 1.  A page from Murchison’s field notebook for 
1831 showing a general section from the Grauwacke 
Series beneath Mary Knoll (Mortimer Forest) east 
through Ludlow (just left of centre) to Clee Hill with its 
Coal Measures, a distance of about 10 km. The Norton 
Gallery in Ludlow Museum, Castle Square, includes a 
display of additional material relating to Murchison’s 
visits to the area in the 1830s. Figure used by John Fuller 
(1997). © Copyright John Fuller 1997. 

 
Arguments ensued regarding the exact 
terminology appropriate to each bed, notoriously 
the overlap between Murchison’s Silurian and 
Sedgwick’s Cambrian (Thackray, 1976; Rudwick, 
1976). As described by John Fuller in his poster 
presentation commissioned by the AAPG (1997), 
considerable areas of Shropshire were being 
claimed for both systems a century earlier. The 
disputed terrain of central South Shropshire around 
the Longmynd is marked yellow (Figure 2), now 
designated as belonging to the Ordovician. This 
radical revision was demonstrated by Lapworth 
and Watts in their field meeting for the Geologists’ 
Association (Lapworth & Watts, 1894a; 1894b). 
Incidentally, the supposedly Cambrian outcrop of 
the Longmynd (in red) is now regarded as being 
Late Precambrian in age. 

Resolving the disputes required more detailed 
studies, particularly of the graptolites, which 
followed at the turn of that century under the 
direction of Charles Lapworth at Mason College, 
which was to become Birmingham University, 

notably by his two students Gertrude Elles and 
Ethel Wood (Elles, 1900; Wood, 1900). 

 

 
Figure 2.  A sketch map from Lapworth’s papers in the 
Lapworth Museum archives, University of Birmingham, 
made by W.W. Watts to Lapworth’s instructions in 1894 
in preparation for their GA field meeting to Shropshire 
(Lapworth & Watts, 1894b). It shows, in yellow, the 
disputed “Lower Silurian” of Murchison, which 
overlapped with the Cambrian of Sedgwick. This map 
needed radical revision, much of the area marked yellow 
eventually to become assigned to the Ordovician. The 
large area to the west in yellow is essentially the Shelve 
Inlier as it is known today. The Longmynd is in the 
centre; the igneous mass in black in the top right is the 
Wrekin. Interestingly, what today is regarded as being the 
main Cambrian outcrop in the vicinity, in the middle of 
this map east of the Stretton Valley around Comley, is 
ascribed here to the Lower Silurian! Figure used by John 
Fuller (1997) © Copyright John Fuller 1997. 

 
The need to agree time zones internationally led to 
renewed interest and a new sense of purpose for 
the LRG during the late 1960’s into the 1970’s, 
notably by Robin Cocks and Mike Bassett, 
working mostly in the UK on Silurian rocks. 
Agreement was reached in the 1980’s through the 
Subcommission on Silurian Stratigraphy under the 
auspices of the International Commission on 
Stratigraphy within the International Union of 
Geological Sciences. Emanating from the work of 
this Group came the basis for global definition and 
correlation of chronostratigraphical units and their 
boundaries, which were to lead eventually to those 
principles being applied by the IUGS to the whole 
of the geological column (Cocks et al., 1971; 
Holland & Bassett, 1989). 

The LRG has been, and still is, an amazingly 
influential body whose informal status and loosely 
knit membership belies the huge influence that it 
has had on Palaeozoic stratigraphy throughout the 
world. Membership of the LRG remains buoyant 
as a new generation of researchers are becoming 
excited by the wealth of information still to be 
discovered, the fantastic fossils of the 
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Herefordshire Konservat-Lagerstätte (David 
Siveter) (Siveter et al., 2004; Siveter, this volume) 
and the re-interpretation of the Ludlow Bone Bed 
as containing charcoal of primitive plants 
destroyed by the world’s earliest wildfire (Dianne 
Edwards) (Glasspool et al., 2004) are but two 
examples. Others must surely be discovered in the 
course of time. 
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BACKGROUND 
What happens at plate boundaries where tectonic 
plates diverge, converge and slide past each other? 
In essence such questions aim to explain how the 
Earth's crust is pulled apart, squashed and sheared 
to form mountain belts and their collapsed 
remnants. 

An important goal is to relate the detailed 
structure of extant and extinct plate boundary 
zones to present and past relative plate motion. 
Caught within such zones are relatively small 
pieces of crust, broken off from their parent bodies 
and caught at the margins of the main plates. These 
pieces, terranes, are typically several kilometres to 
tens of kilometres across. Subsequent plate 
tectonic movements distort the terrane 
configurations yet facilitate the whole process of 
crustal movement. 

The implication of this process is that parts of 
the crust, terranes at least, do not necessarily keep 
the same orientation with respect to their 
neighbours through geological time. Indeed 
movement, lateral and rotational, should be 
expected. This creates profound difficulties for 
unravelling the structural evolution of an area, with 
implications for the likely success (or not!) of 
being able to predict occurrence of hidden 
geological units in situations of relatively poor or 
discontinuous exposure, which would now appear 
to be the norm. 

To understand how terranes behave, and the 
consequences for unravelling the structure of 

specific areas which were once at or close to plate 
boundaries, involves study of rock fabric 
evolution, block rotation and deformation. 

Within the Marches it is believed there are 
ancient plate boundaries and hidden within these 
are new facts to be discovered and theories to be 
evolved to help explain “the ground beneath our 
feet”. 

TERRANE EVOLUTION IN GENERAL 
The general explanation of plate tectonics is well 
known (e.g. Toghill, 2000), but the detailed 
evolution of plate boundaries, particularly where 
plates slide past each other, is only now beginning 
to be understood (Dewey, 1982). 

Significant advances have been made in this 
regard based on studies in Nevada and California 
west of the “706” line (where lead isotope ages 
suddenly change), effectively on ancient 
continental edge crust, where the Pacific and North 
American plates are sliding past each other (Figure 
1). The topography is revealing accommodation 
structures which reflect the underlying tectonics, 
notably in the Transverse Ranges (lower centre of 
map, with WNW-ESE trend contrasting with the 
more general NNW-SSE trend of the main fault 
zone and its associated relief) where the San 
Andreas fault system has become offset along the 
Salinian Block to the west and is now generating a 
new fault system to the east as it attempts to 
unblock the misalignment of plate boundaries in 
the crust. This reveals how block rotation and 
deformation in transtension (oblique extension) 
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and transpression (oblique shortening) are 
mimicked by surface relief, as terranes develop to 
accommodate the ongoing plate movement. 

It would appear that relatively small plate 
fragments (“terranes”) become detached and 
subsequently may rotate as well as become 
displaced, perhaps considerable distances 
(hundreds, even thousands, of kilometres) from 
their original positions. 

Extending the concept to study of the tectonics 
along sliding plate margins in SE Asia is further 
facilitating the modelling by use of movement 
vectors. Here the oceanic crust is dated in detail 
and lies oblique to the continental crust to the west. 
This has facilitated the construction of movement 
vectors on both plates (Figure 2) from which 
future movements can be predicted (for example, 
45 million years hence, as shown in Figure 3). 

Such studies are showing that break-up into 
relatively small terranes occurs. This appears to be 
normal for strike-slip plate boundaries. 
Furthermore, terrane rotation seems to be as 
characteristic as lateral movement, and sometimes 
considerable displacement can occur. 

 
Figure 1.  Earthquake map of California and Nevada, 
showing the WNW-ESE trending mountains of the 
Transverse Ranges due to transpression along the plate 
boundary, contrasting with the more general NNW-SSE 
regional trend of the strike-slip motion along the San 
Andreas. © Copyright 1994 Seismological Society of 
America 

 
Figure 2.  Movement vectors for the present day 
distribution of plates in SE Asia; figures are in mm of 
movement per year and indicate direction of movement. 
Australia is in the lower part of the map and Japan at the 
top. © Copyright 2006 John Dewey 
 

 
Figure 3.  Movement vectors and likely plate distribution 
in SE Asia 45 million years hence. Australia is predicted 
to have moved northwards relative to the Asian plate 
producing a terrane structure comparable in scale and 
character with areas such as the Appalachians and the 
Grampians of the present day, and arguably the Welsh 
Marches of the Palaeozoic. © Copyright 2006 John 
Dewey 
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Not only does terrane formation characterise 
present-day plate tectonics, but it is now believed 
to have done so in the past as well. Indeed, it now 
appears as though such fragmentary structural 
units may well characterise the Late Precambrian 
and Ordovician structure of the Welsh Marches, 
South Shropshire in particular (Woodcock & 
Gibbons, 1988). Thus the Longmynd (Figure 4) 
and the Shelve inliers are both considered to be 
individual terranes, influenced by significant 
lateral movement of adjacent tectonic plates. This 
concept has been explored in considerable detail 
by Woodcock (1987; 1988), but the mechanisms 
and consequences are still poorly understood, and 
unequivocal data supporting the hypothesis is 
lacking. 
 

 
Figure 4.  Tectonic setting of the Late Precambrian 
Longmyndian. © Copyright 2006 Peter Toghill 

TERRANE EVOLUTION IN THE WELSH 
MARCHES 

The detailed geology of the Marches is explained 
elsewhere (Toghill, this volume), wherein linear 
tracts of upland are characteristic (Figure 5). Its 
tectonic evolution reached a climax in the 
Caledonian, which took place in the early 
Devonian (Figure 6). Much of the crustal structure 
dictating the faults and folds observable today 
have their origins at this time (Figure 7) (Fitches & 
Woodcock, 1987). 

 
Figure 5.  Looking north along the Stretton Valley, along 
the outcrop of the Church Stretton Fault zone (at the base 
of the line of hills comprised of stronger late Precambrian 
rocks). © Copyright 2006 Andrew Jenkinson 
 

 
Figure 6.  Tectonic fabric of the Caledonides, UK and 
(inset) across North America and Northern Europe. © 
Copyright 2007 John Dewey 
 
This leads to a hypothesis that the Marches in 
general, and Shropshire in particular, may well 
have been assembled in a rather complex way. It is 
likely that earlier weaknesses and discontinuities in 
the crust, especially around former plate 
boundaries, have helped create smaller blocks 
which have moved somewhat independently, 
especially around the boundaries of the larger 
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crustal units. In turn, the plate configuration, 
including its associated terranes, has subsequently 
determined the character of younger geological 
materials deposited upon them or intruded within 
them. Thereby the terranes have asserted a 
fundamental control on more recent sedimentation 
and structural evolution. 

In such a manner the Late Precambrian of 
Shropshire, now seen as small enigmatic outcrops 
of metamorphosed rocks such as the Primrose Hill 
Gneiss and the Rushton Schist to the east of 
Shrewsbury, may actually comprise a series of 
terranes, of which the Longmynd may be a rather 
larger example and Caer Caradoc a rather smaller 
one. These in turn have come to dominate the 
subsequent Lower Palaeozoic tectonic behaviour 
of the region. 

Evidence has been the painstakingly detailed 
mapping undertaken by local geologists such as 
Edgar Cobbold in the Stretton Hills (1927; 1934) 
(Figure 8) and Walter Whittard in the Shelve and 
Breidden hills (1932). This formed the mapping 
framework for the seminal work by Ziegler et al. 
(1968) who recognised the increasing water depth 
to the west during Lower Silurian times (Figure 9). 
This effectively enabled a reconstruction of 
continental margins through Phanerozoic time 
(Figure 10) (McKerrow & Cocks, 1986) and its 
relation to the plate tectonics of the period (Figure 
11) (Woodcock, 1990; Dewey & Strachan, 
2003). Could this mapping also have revealed a 
classic example of tectonic terrane units? 

 
Figure 7.  The exposed near-surface crustal structure of 
Shropshire; note that some apparently unconnected 
structures may be part of the same feature but their 
connection is obscured by cover of younger rocks. © 
Copyright 2006 Peter Toghill 
 

 

 
Figure 8.  Cobbold’s detailed geological map of the area to the east of Caer Caradoc and across to Comley, taken from Plate XLIII 
of the Quarterly Journal of the Geological Society, volume 83 (1927) © Copyright Geological Society of London. Could this 
mapping have revealed a classic example of tectonic terrane units? 
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Figure 9.  Reconstruction of the Early Silurian continental 
margin within Wales and the Welsh Marches utilising 
brachiopod communities, based on Ziegler et al. (1968). 
 

 
Figure 10.  Reconstruction of continental margins within 
South Shropshire through the Ordovician, noting the 
location of the extensive tectonic discontinuities: the 
Pontesford-Linley Fault (PLF) and the Church Stretton 
Fault (CSF) © Copyright 2006 Peter Toghill 

 
Figure 11.  Plate tectonic evolution during the upper 
Lower Palaeozoic. © Copyright 2006 Peter Toghill 

TECTONIC EVIDENCE 
Since plate boundaries are defined by faults, it may 
seem as though the study of the structure holds the 
main key to understanding the evolution of the 
Earth’s crust. As with so many aspects of geology, 
this is only true in part. The main picture may be 
deduced in such a manner if the exposure is good 
and the near-surface geology representative of the 
ground being considered, helped by topographic 
expressions of the deformation occurring beneath, 
as is taking place at present in Nevada/California 
(Figure 1). 

However, cover rocks which unconformably 
overlie the ground of an age that contains the 
evidence of movement will inhibit examination. 
Subsequent metamorphism will provide another 
barrier, and vectors of movement will be almost 
impossible to detect (discussed further by Cocks, 
this volume), in particular rotation. 

What is needed is a linking sequence, whereby 
tectonic and sedimentological factors may be 
related through an unconformity sitting upon a 
terrane boundary. In essence, such a situation 
provides a youngest time for when the two earlier 
terranes could have become juxtaposed, i.e. 
corresponding to the age of the unconformity. 

The general setting of the Marches is on the 
western boundary of the Midlands Cratogenic 
block, established in Precambrian times, which 
appears to have remained internally stable 
throughout the Phanerozoic, and to have been dry 
land or only covered with shallow water. To the 
west lay the Welsh Geosyncline, a basin 
containing great thicknesses of sediment which 
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usually lay beneath sea level, and which 
throughout the Lower Palaeozoic had a 
complicated history on the margins of a major 
ocean (the Iapetus). 

Nevertheless the Marches do seem to contain 
some remarkably well preserved terranes. Their 
significance in relation to plate tectonics has been 
suspected for over a decade, for instance the 
Ordovician inliers of Shelve (Lynas, 1988), 
Pedwardine (Boynton & Holland, 1997), 
Stanner/Hanter (Woodcock, 1988) and Builth 
Wells (Woodcock, 1987). These trend north 
northeast to south southwest close to or bounded 
by the extensive Church Stretton, Pontesford-
Linley and Severn Valley Faults. However, their 
evolution is still uncertain, and it is somewhat 
surprising that such a complex configuration of 
crust should have remained at or close to ground 
level for such a long period of time, essentially 
continuously since the Palaeozoic (> 400 my). 

Movements of individual terranes may well 
have been substantial. Elsewhere in the UK 
evidence is emerging of movements of the order of 
hundreds of kilometres, quite consistent with the 
model predictions for SE Asia discussed earlier. 

Furthermore, the concept of terranes would not 
require the widespread extent of metamorphic 
basement which outcrops of schist and gneiss 
would otherwise imply, nor should concordance of 
their structural elements be expected. So, are faults 
such as Pontesford-Linley terrane boundaries? 

SEDIMENTOLOGICAL EVIDENCE 

The detailed timing of tectonic events is difficult 
without an excellently preserved fossil record. 
Radioactive dating is not sufficiently precise and, 
whereas palaeomagnetic inclination and 
declination may help, collection of cored samples 
and their analysis are expensive. An alternative 
approach may be possible in the presence of 
diverse lithologies. 

Study of the sedimentary record in the Marches 
shows sudden and considerable changes in 
thickness and lithology to either side of breaks 
such as the Pontesford-Linley Fault (Figure 12). 
Indeed, this particular fault possibly shows greater 
variation to either side than does any other in the 
region, indicative not only that it is a major 
tectonic structure but is possibly the most 
important one in the region, even more so than the 
visually more obvious Church Stretton Fault. 

 
Figure 12.  Contrasting Ordovician sequences west and 
east of the Pontesford-Linley Fault. Abbreviations refer to 
the various stratigraphical units explained in Toghill 
(2006), from which this diagram has been taken. © 
Copyright 2006 Peter Toghill 
 
With tectonic disturbance comes vertical 
movement, both elevation and subsidence. 
Elevation induces weathering and erosion. 
Subsequent tectonic deformation can tilt the 
existing rock sequence during this period, 
preserving that tilt if followed by subsidence and 
coverage by new sediment layers (so producing an 
angular unconformity). The Ercall provides an 
excellent example in central Shropshire (Figures 
13 and 14), but cannot provide a linking sequence 
since the Cambrian quartzite overlies only a single 
rock unit, the granophyre. 

 
Figure 13.  The unconformable contact between 
Precambrian intrusive igneous rock (left) and Cambrian 
quartzite (right) within Ercall Quarry. © Copyright 2006 
Andrew Jenkinson 
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Figure 14.  Cross-section through the Ercall showing the 
unconformity. © Copyright 2006 Peter Toghill 
 
However, although the minimum age of the 
tectonic disturbance can obviously be no younger 
than the age of the overlying rock unit, indeed of 
any soil horizon developed on the surface of the 
older rock beneath. Furthermore, such 
unconformities contain no evidence to date the 
actual period of the deformation. 

Unconformities are nevertheless very important 
features for geological interpretation. They 
represent clear, possibly long, breaks of geological 
time, provide readily mapped features enabling 
interpretation of the geological history, and are 
fundamental breaks in the integrity of the rock 
sequence, both stratigraphically and physically. 

As elevation induces weathering and erosion, 
so subsequent movement of the weathered 
products can transport them into areas of 
subsidence, where they may become preserved, on 
burial. Now, if the eroded products contain 
diagnostic components (a particular combination 
of heavy minerals, for example) then the sediments 
derived from such rocks will contain that same 
assemblage, provided transport has not altered the 
component or their proportions to an 
unrecognisable extent. This would provide an 
indication of provenance, i.e. where the source 
was. 

Thus the location of the source horizontally 
may be deduced from the spatial extent of the 
ground containing that characteristic mineral 
assemblage, at the time of erosion. The location of 
the source vertically may be deduced from the 
stratigraphy of the ground containing that 
characteristic mineral assemblage, at the time of 
erosion. The dating of the rock sequence is critical 
too, and evolution of diagnostic creatures 
preserved in the fossil record will be critical to the 
success of such an approach. Graptolites and 
ostracods would appear likely candidates in the 
Lower Palaeozoic of the Welsh Marches (Cocks & 
Fortey, 1982). 

However, the source rocks must be exposed for 
the mineral assemblages to be available for 
weathering and transport. If the outcrops are 
restricted, laterally and/or vertically, these can be 
used to fine tune the history of evolution of the 
sedimentation in the area. This will be particularly 
useful where a tectonic boundary intersects the 
locality, with contrasting lithologies either side. 
Mineral assemblages may thus be used to deduce 
sediment transport direction and provide a marker 
of the time that erosion was taking place. 

Where might suitable locations exist for such a 
coupled study of sedimentation and tectonics 
within the Marches? Promising sites would be 
where clastic (sandy) sediments occur in close 
proximity to major faults, such as occur close to 
the Stiperstones. Here the Ordovician Stiperstones 
Quartzite lies between the Mytton Flags above and 
the Shineton Shale Formation below. The 
Quartzite is an altered sandstone, but where did the 
sand grains come from? If they came from the 
other side of the Pontesford-Linley Fault, this 
could help facilitate elucidation of this important 
structural boundary during the Ordovician. 

How varied might the Ordovician surface 
geology have been? An indication comes from the 
nature of the pre-Ordovican landscape, which is 
thought to be essentially the same as the present-
day Late Precambrian outcrop, i.e. the 
Longmyndian (Figures 15 and 16). However, there 
is also evidence for two oceans nearby: the Iapetus 
to the west and the Rheic to the south, either of 
which could in turn influence sedimentation in the 
region. 

Are any linking sequences present? Referring 
again to Figure 12, the HEG (Hoar Edge Grit) does 
not exhibit any facies change or other 
sedimentological correlation with the Caradoc 
strata to the west of the Pontesford-Linley Fault. 

By contrast, the basal Silurian does show 
promise of yielding a linking sequence: the basal 
Llandovery with its demonstrable depth transitions 
established by the work of Ziegler et al. (1968). 
This may therefore yield a stratigraphic story 
which can be linked to the tectonic evolution of the 
area during the Silurian. Although the sediments in 
South Shropshire are largely calcareous, clastics 
predominate to the west and it is known from the 
work of, for example, Whitaker (1962), that these 
straddled a continental margin (Figure 17). Hence 
there is potential for discovering terrane 
boundaries active in the Ordovician or earliest 
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Silurian which have become preserved beneath the 
Llandovery unconformity: the mark of a classic 
linking sequence. 

The implication of the basal Llandovery being a 
linking sequence is that this early Silurian time 
would demonstrate an autochthonous sequence, 
perhaps the first true such sequence in South 
Shropshire, with sediment eroded from one area 
being transported across the region to be deposited 
elsewhere, both source and receptor having the 
same spatial relationship at the time of deposition 
as they do now, i.e. undisturbed by terrane 
tectonics. 

The detailed studies required to link terranes 
together will need to identify the linking 
sequences, by: 

1. Detailed detrital petrography, the main task 
being to identify the heavy minerals content 
of the arenites. This is essentially a forensic 
approach: using the heavy minerals to 
identify source provenance, i.e. the heavy 
minerals are acting as tracers which can be 
analysed when combined with quartz, 
feldspar and lithics on a ternary diagram. 

2. Dating the zircons, especially the doubly 
terminated volcanic zircons such as are 
known from the Wenlock – this will 
probably give a finer resolution than 
graptolite studies. 

3. Determining palaeomagnetic inclination and 
declination, revealing the latitude when 
intrusion occurred and an indication of 
subsequent rotation. 

4. Detailed mapping and analysis of small scale 
brittle structures, from a study of the 
orientation and sequence of joints, cracks, 
shear zones, etc.. These will indicate 
localised stress fields and thus the sense of 
motion on a small scale, and in turn identify 
plate/terrane motion. 

 

 
Figure 15.  Longmyndian in outcrop. © Copyright 2006 
Peter Toghill 
 

 
Figure 16.  Vertical cross-section A-B marked on Figure 
15. © Copyright 2006 Peter Toghill 
 

 
Figure 17.  The continental margin through South 
Shropshire during Late Silurian times. © Copyright 2006 
Peter Toghill 
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CONCLUSIONS 
The detailed structure of extant and extinct terranes 
has been considered in the context of relative plate 
motion, present and past. 

This has led to recognition that parts of the 
crust, terranes at least, do not necessarily keep the 
same orientation with respect to their neighbours. 
Indeed movement, laterally and rotational, should 
be expected. This creates profound difficulties for 
unravelling the structural evolution of an area, with 
implications for the likely success (or not!) of 
being able to predict occurrence of hidden 
geological units in situations of relatively poor or 
discontinuous exposure, which are the norm. 

What is needed is the identification of linking 
sequences, whereby terrane boundaries can be 
identified beneath an unconformity. 

Why should the general public be interested in 
this? Such work concerns fundamental questions 
of rock behaviour under varying pressures and 
temperature conditions; this basic research 
contributes to an understanding of geohazards, 
such as earthquakes and landslides. 

It is considered that within the Marches there 
are ancient plate boundaries, or at least the slivers 
of plate caught along their contact, and hidden 
within these are new facts to be discovered and 
theories to be evolved to help explain “the ground 
beneath our feet”. So how did these slivers come 
together, and when? 

This could mean that the Welsh Geosyncline 
has not always been juxtaposed with the Midlands 
Craton in their present configurations. Plate 
subduction took place prior to the Caledonian in 
the southern Iapetus Ocean in what is now central 
Wales, with implications for the sediments 
accumulated above. Of course, none of the Iapetus 
Ocean floor still exists since it has long been 
destroyed by subduction. Paleaomagnetic studies 
may shed light in due course. 

To elucidate these aspects will require not only 
consideration of the broad framework, which 
might be regarded as “armchair” geology 
supported by modelling and the physical sciences 
(geophysics and geochemistry, for example), but 
also detailed fieldwork based on the core aspects 
of geology per se (i.e. stratigraphy, palaeontology, 
petrology, mineralogy, structure, etc.) the 
importance of which are too often underrated in 
this era of the computer and the internet. 

The likely requirement is for large scale 
(1:10,000) mapping of faulted ground against 

which contrasting sediments are in close 
juxtaposition, supported by section measuring and 
sampling. The examination of the samples will 
require microscope study looking, in particular, for 
the heavy minerals and calculating their 
contributions to the overall composition. The aim 
will be to identify sources and likely times at 
which the source was productive, thereby 
providing time markers for the evolution of the 
terranes themselves. 

ACKNOWLEDGEMENTS 

The authors wish to thank Peter Toghill for access to many 
diagrams from his book “Geology of Shropshire” (Toghill, 
2006). 

REFERENCES 
Cobbold, E.S. (1927). Stratigraphy and 

geological structure of the Cambrian area of 
Comley, Shropshire. Quarterly Journal of 
the Geological Society, 83(4), 551–573. 

Cobbold, E.S. & Pocock, R.W. (1934). The 
Cambrian Area of Rushton (Shropshire). 
Philosophical Transactions of the Royal 
Society of London, Series B, 223, 305–409. 

Cocks, L.R.M. & Fortey, R.A. (1982). Faunal 
evidence for oceanic separations in the 
Palaeozoic of Britain. Journal of the 
Geological Society, London, 139, 465–478. 

Dewey, J.F. (1982). Plate tectonics and the 
evolution of the British Isles. Journal of the 
Geological Society, London, 139, 371–412. 

Dewey, J.F. & Strachan, R.A. (2003). Changing 
Silurian-Devonian relative plate motion in 
the Caledonides: sinistral transpression to 
sinistral transtension. Journal of the 
Geological Society, London, 160, 219–229. 

Fitches, W.R. & Woodcock, N.H. (1987). 
Sedimentation and tectonics in the Welsh 
Basin: Introduction. Geological Journal, 
22(TI), 1–5. 

Lynas, B.D.T. (1988). Evidence for dextral 
oblique-slip faulting in the Shelve 
Ordovician inlier, Welsh Borderland: 
implications for the South British 
Caledonides. Geological Journal, 23, 39–57. 

McKerrow, W.S. & Cocks, L.R.M. (1986). 
Oceans, island arcs and olistostromes: the 
use of fossils in distinguishing sutures, 
terranes and environments around the Iapetus 



 FUTURE AVENUES OF RESEARCH IN THE WELSH BORDERLAND  
 

 

Proceedings of the Shropshire Geological Society, 13, 104−113 113 © 2008 Shropshire Geological Society
 

Ocean. Journal of the Geological Society, 
London, 143, 185–191. 

Toghill, P. (2000). The Geology of Britain. The 
Crowood Press, Marlborough, 192 pp. 

Toghill, P. (2006). Geology of Shropshire. 2nd 
Edition, The Crowood Press, Marlborough, 
256 pp. 

Toghill, P. (2008). An introduction to 700 
million years of earth history in Shropshire 
and Herefordshire. Proceedings of the 
Shropshire Geological Society, 13, 8–24. 

Whitaker, J.H.McD. (1962). The geology of the 
area around Leintwardine, Herefordshire. 
Quarterly Journal of the Geological Society, 
118, 319–351. 

Whittard, W.F. (1932). The stratigraphy of the 
Valentian rocks of Shropshire: the 
Longmynd-Shelve and Breidden outcrops. 
Quarterly Journal of the Geological Society, 
88, 859–903. 

Woodcock, N.H. (1987). Kinematics of strike-
slip faulting, Builth Inlier, mid-Wales. 
Journal of Structural Geology, 9(3), 353–
363. 

Woodcock, N.H. (1988). Strike-slip faulting 
along the Church Stretton Lineament, Old 
Radnor Inlier, Wales. Journal of the 
Geological Society, London, 145, 925–933. 

Woodcock, N.H. (1990). Transpressive Acadian 
deformation across the Central Wales 
Lineament. Journal of Structural Geology, 
12(3), 329–337. 

Woodcock, N.H. & Gibbons, W. (1988). Is the 
Welsh Borderland Fault System: a terrane 
boundary? Quarterly Journal of the 
Geological Society, 145(6), 915–923. 

Ziegler, A.M., Cocks, L.R.M. & McKerrow, W.S. 
(1968). The Llandovery transgression of the 
Welsh Borderland. Palaeontology, 11, 736–
782. 

 
 
 
Copyright Shropshire Geological Society © 2008. 
 

ISSN 1750-855x 
 

 



  ISSN 1750-855X (Print) 
ISSN 1750-8568 (Online)

 

 

Proceedings of the Shropshire Geological Society, 13, 114−120 114 © 2008 Shropshire Geological Society
 

The future for geology in the Marches: a BGS perspective 
 

David Schofield1 
 

 
SCHOFIELD, D.I. (2008). The future for geology in the Marches: a BGS perspective. Proceedings of the 
Shropshire Geological Society, 13, 114–120. The British Geological Survey has a long history of geological study 
in the Marches starting in the 1830’s and led by Sir Henry de la Beche who oversaw the original one-inch 
geological survey of the area. 

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 Borders. High quality 
academic studies had been conducted in the area and the results needed 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. 

Plans for the future will build on the earlier work while carrying out studies of Ordovician to Silurian basin to 
shelf transitions including the Knighton area, and it is hoped to use this as a basis for reappraising the geology of 
the adjacent Ludlow Anticline, to further the pioneering studies which the Survey instigated in the region during 
the 19th and early part of the 20th centuries. 
 
1Keyworth, Nottinghamshire, UK. E-mail: dis@bgs.ac.uk 

 

BACKGROUND 
The Marches comprise a diverse geological 
collage spanning at least 700 million years of Earth 
history that underlies a varied scenery extending 
between the Cotswolds to the south and the 
margins of Snowdonia to the north. It includes the 
upland regions of Wyre Forest and Clun Forest, 
the Clee Hills, the Wrekin, the Longmynd, Caer 
Caradoc, Corndon, the Black Mountains, Mynydd 
Eppynt and Radnor Forest and includes the North 
Shropshire Plain, the valleys of the Severn and 
Wye, and the Wigmore and Leominster basins. 

Our understanding of geology has a 
considerable impact on the lives of those who live 
in the area. Mineral extraction is still important to 
local development, groundwater is 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 British Geological Survey 
(BGS) to maintain and develop the nation’s 
understanding of its geology to improve 
policymaking, enhance national wealth and reduce 
risk. 

THE ROLE 
The BGS’ programme seeks to supply relevant 
geological data to enable local and regional 
planning authorities, and other public and private 
sector organizations, to make evidence-based 
decisions and to carry out research directed 
towards the central themes of our parent body, the 
Natural Environment Research Council (NERC). 
These include the sustainable use of resources and 
the understanding of natural hazards which the 
Survey attempts to deliver through their systematic 
mapping and 3D modelling programme, specialist 
studies and collaborative work. 

Geological knowledge is the essential 
foundation for a diverse range of services that the 
BGS now provides to fulfil its remit as the national 
geological survey. Geoscience information is an 
essential aid to the decision-making process and it 
is required by government and statutory bodies 
alike in order to underpin their obligations to 
produce mineral development, waste management, 
water resources and environmental plans and 
strategies. Industry and the private sector also 
needs similar information to underpin sustainable 
resource exploitation and the production of 
environmental impact assessments. 

A modern geoscience knowledge base may 
include up-to-date information on superficial 
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(including man-made) deposits and bedrock 
geology. From these, various derived thematic 
layers and 3D models can be compiled, for 
example relating to metallic and non-metallic 
mineral resources, contaminated land, engineering 
properties, land-slip susceptibility, flood risk and 
baseline environmental geochemistry. 

GEOLOGICAL SURVEYING 
The BGS has a long history of geological study in 
the Marches starting in the 1830’s originally led by 
Sir Henry de la Beche who oversaw the first, one-
inch survey of the area. This included survey of the 
Ludlow Anticline carried out by W.T. Aveline and 
W.W. Smyth (Geological Survey of Great Britain, 
1855), based on the original work of Sir Roderick 
Murchison, published in 1839. 

The BGS instigated pioneering studies of the 
Quaternary succession of the area in the early part 
of the 20th century, but the Great War intervened 
and it was some years before the results entered 
the public domain (Pocock & Wray, 1925). One of 
the Survey officers affected, W.B.R. King, had 
gained trenching experience whilst studying the 
Quaternary for the Wem Sheet, resulting in a 
commendation from the Survey after he had been 
called up which led to the Army redeploying him 
to undertake geological work on the Western 
Front, the first geologist to serve as such in any 
modern army (Rose & Rosenbaum, 1993). 

The current phase of activity by the 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 
Borders. In this region the Survey mapping was 
over a century old, providing the level of detail 
considered insufficient for modern use. This new 
phase commenced with a transect across the 
central part of the Welsh Basin in the Rhayader 
and Llanilar districts (BGS, 1993; 1994), aiming to 
integrate existing academic studies (summarised in 
Part 4 of volume 95 of the Proceedings of the 
Geologists' Association, for 1984, e.g. the papers 
by M G Bassett and by N H Woodcock) and 
establish 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 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).  

This approach was developed further during 
subsequent work in the Builth Wells, Brecon and 
Llandovery districts (BGS, 2004; 2005; in prep) 
where important relationships between 
depositional processes in the basin and those of the 
adjacent shelf succession in the Borderlands were 
investigated (Figure 4; Schofield et al., 2004). This 
has led to substantial revision of the stratigraphy in 
the type area of the Llandovery Series and the 
Wenlock to Ludlow succession of Mynydd Eppynt 
and the Myddfai Steep Belt, the new stratigraphy 
of which was presented by Drs. R.A. Waters, R.D. 
Hillier, J.R. Davies, M. Williams and D.I. 
Schofield at the 2007 field meeting of the Ludlow 
Research Group (LRG). Incidentally, this was the 
field area studied by Stephen Straw, the 
inspirational supervisor of the founder members of 
the LRG (Straw, 1937). 

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 Llandovery-
Wenlock sedimentation. Parts of this district were 
originally surveyed by W.J. Pugh (1928) and D.A. 
Bassett (1955) and include the northern margin of 
the southern Welsh Basin. 

THE FUTURE 

The mapping programme as set out by the 
Lithoframe Project (Figure 2) does not identify the 
Marches as a survey priority, much of the area 
being covered by 1:50 000 scale mapping dating 
from the 1960’s. However the BGS also 
recognises the requirement to maintain and build 
on expertise in the region. During the near future 
the BGS intends to build on the earlier work in the 
Welsh Basin by commencing survey in the 
Knighton district, and to use this as a basis for 
reappraising the geology of the adjacent Ludlow 
Anticline. 
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Figure 1.  Schematic lithostratigraphic architecture established by mapping across the central part of the Welsh Basin in the 
Rhayader and Llanilar districts. The relationships are shown here in their disposition prior to the end-Caledonian folding. 
Such detail is essential as a basis for understanding how the sequence has been deposited but can only be acquired by 
painstaking surveying and supporting research over many years. After Davies et al., 1997. © NERC, all rights reserved. 
 
 

 

 
Figure 2.  Distribution surveys currently being 
undertaken by the British Geological Survey. © NERC, 
all rights reserved. 

 
Figure 3.  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). © NERC, all rights 
reserved. 
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Figure 4.  Facies and biostratigraphic variation with time and space, revealed during mapping of the Eppynt escarpment in 
Builth Wells district. It also shows progradation of nearshore facies from the south. After Schofield et al., 2004. © NERC, 
all rights reserved. 
 
The outline Bedrock Geology map of the Welsh 
Marches and adjoining areas prepared by the 
British Geological Survey is portrayed as Figure 3. 
Numbers refer to 1:50,000 map sheets (Sheet 181 
is Ludlow). The discontinuities in colours between 
Sheets reflect their age and the classification 
employed at the time. 

The paucity of detail in Sheets 150 (Dinas 
Mawddwy), 151 (Welshpool), 164 (Llanidloes) 
and 180 (Knighton) reflects the antiquity of their 
surveying. Most of these sheets are currently in 
production, with the last, Sheet 180 (Knighton), 
high on the list of priorities. The detailed 
knowledge gained while mapping the sheets to the 
south and west of Knighton leads to anticipation 
that there will be changes needed to the 
interpretation of the stratigraphic concepts evolved 
through earlier mapping, notably concerning 
palaeoenvironments and basin evolution of the 
area during the Silurian and its subsequent tectonic 
deformation in the Devonian, and later. The 
Quaternary story also needs to be radically updated 
too, in order to incorporate the concepts evolved 
by Peter Cross and Mike Hodgson (Cross & 
Hodgson, 1975), and others, and are likely to build 
on the recent work of G.S.P. Thomas (1989). This 
would focus on developing sediment/landform 
assemblage models aimed at elucidating ice 

marginal processes and the history of deglaciation 
after the last (Late Devensian) glacial maximum. 
The studies will need to be underpinned by 
fieldwork, undertaken in the winter months when 
the ground is not so obscured by vegetation, water 
stands in the hollows, and long shadows are cast 
by the low azimuth of the winter sun, helping 
bring the landscape alive. 

Such studies will enable the full advantages of 
the digital mapping programme to be realised. The 
superposition of selected sets of information for a 
specific area, using Geographical Information 
Systems (GIS) facilitates appreciation of the 
subsurface. 

Portrayal of the depth dimension on a 2D 
screen or sheet if paper is challenging to non-
geologists, and a number of visualisation 
techniques are being developed in order to deal 
with this effectively. Examples include the use of 
digital surface models (Figure 5) and isometric 
views with vertical relief exaggerated and draped 
with thematic information (Figures 6 and 7). 
Applied geological information can be selectively 
extracted too, as shown in Figures 8 and 9 for the 
recently mapped Builth Wells Sheet, and 
combined to highlight areas having a more 
favourable combination of properties (Figure 10). 
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CONCLUSIONS 
The British Geological Survey is actively 
surveying and collating geoscientific information 
to underpin economic growth at a national scale. It 
also provides the ground-related information 
needed for the decision-making processes required 
by government, statutory bodies and other 
organisations; these include strategic plans for 
mineral development, waste management, water 
resources and environmental studies. Industry also 
needs similar information to underpin sustainable 
resource exploitation, the production of 
environmental impact assessments, and site 
investigation for construction. Furthermore, 
educational establishments need up-to-date 
information to support the education of the next 
generation of geoscientists and to underpin new 
research. 

Examples of current mapping have been 
presented together with plans for the future. The 
classic 1:25,000 scale geological special sheet of 
the Leintwardine - Ludlow district (IGS, 1973), 
which includes the world stratotype of the Ludlow 
Series in Mortimer Forest, prepared by the survey 
in collaboration with the founder members of the 
LRG, provides a model of collaborative research 
which could be applied to the revised mapping of 
other areas (Figure 11). This could enable 
invaluable local knowledge to be integrated, with 
the advantage of increasing the number of 
stakeholders in the endeavour. 

The Marches continues to attract and fascinate 
geoscientists, together releasing the secrets locked 
within “the ground beneath our feet”. 

 
Figure 5.  An illustration of how superposition of the 
Superficial Deposits over a digital surface model can 
facilitate interpretation of Quaternary deposits. This map 
is from the catchment of the River Tern in the Wem 
district and was compiled as part of a collaborative 
project with Birmingham University. The pale blue is 
Glacial Till, the buff is modern river Alluvium and the 
orange are River Terrace Deposits. The digital surface 
model was extracted from the NEXTMap Britain™ 
dataset from Intermap Technologies. © NERC, all rights 
reserved. 
 

 
Figure 6.  Geological mapping displayed using GIS, here 
providing a 3D representation of the Quaternary deposits 
in Swansea. © NERC, all rights reserved. 
 

 
Figure 7.  Geological mapping displayed using GIS by 
staff of the British Geological Survey, here providing an 
isometric view of an area supplemented by vertical cross-
sections to reveal the underlying structure. This model 
shows an oblique view from the south-west of the Craven 
Basin GOCAD model, showing the base Permo-Triassic 
(orange) and the 3D faults (here shown as translucent 
grey surfaces). © NERC, all rights reserved. 
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Figure 8.  Thematic Layers, in this case for the Builth 
Wells district generated through a co-funding 
arrangement with the Welsh Assembly Government, 
highlighting deposits with comparable suites of 
engineering properties. © NERC, all rights reserved. 
 

 
Figure 9.  Thematic Layers, in this case the inferred non-
metallic and metallic mineral resources for the Builth 
Wells district, generated through a co-funding 
arrangement with the Welsh Assembly Government. © 
NERC, all rights reserved. 
 

 
Figure 10.  Map illustrating Minerals Safeguarding Areas 
(McEvoy et al., 2007). Buffers around limestone and 
cement resource areas from Staffordshire were designed 
to protect residents from the noise and dust created by 
quarrying whilst safeguarding the mineral resource. © 
NERC, all rights reserved. 

 
Figure 11.  A classic example of a map prepared by the 
Survey in collaboration with an academic research team, 
in this case members of the Ludlow Research Group 
(Whitaker, Lawson, Walmsley, Holland), for the 1:25,000 
map covering Mortimer Forest, between Leintwardine 
and Ludlow (right), published by IGS (as it was then) in 
1973. The dots are numbered localities, facilitating 
personal fieldwork or training; descriptions were printed 
in the margins of the sheet (out of view). Reproduced 
with permission of the BGS. © NERC, all rights reserved. 
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Closing Address: the Banks family and their support for geological studies in the 
Marches 
 

Lawrence Banks1 
 

 
BANKS, L. (2008). Closing Address: the Banks family and their support for geological studies in the Marches. 
Proceedings of the Shropshire Geological Society, 13, 121–122. The Banks family forbears include Richard 
William Banks and Sir Charles Lyell. No fewer than four of Banks΄ forbears and kinsmen were amongst the 
twelve who signed the petition to Murchison in 1833 asking him to publish his work on The Silurian System. 

Today the huge need is to proselytise the relevance of geology. It is clear that it is relevant to some, but the 
need is to get the message out to the young that this is not only a fascinating but also an important and relevant 
science. 
 
1Hergest Croft, Radnorshire, UK. E-mail: lawrence@hergest.co.uk 

 

BACKGROUND 
Delivering the Closing Address for the one-day 
symposium at Ludlow, on 13th September 2007, 
Lawrence Banks said: “I am honoured and 
delighted to be asked to close today’s proceedings 
but I fear my qualifications are a little thin. In fact I 
might fairly be called an impostor, and a 
Herefordshire impostor at that so I am sorry to 
disappoint Harriett Baldwin. I noticed with some 
interest that David Schofield’s Sheet 197 that 
covers my land appeared to be generally blank. I 
am also not sure that I can match Margaret 
Thatcher whom I watched write an after lunch 
speech at the Chelsea Flower Show during the 
meal and while in animated conversation with me 
and her other neighbour. 

“When my Father took the chair at The Annual 
General Meeting of Scottish Agricultural 
industries in the early 1960’s he opened by saying, 
“ I am half a Scot (loud cheers), married to a Scot 
(louder cheers), and I farm on the borders (Ecstatic 
applause) of England and Wales (Loud boos). 

“I can start in the same vein, I have geology in 
my blood, my forbears include Richard William 
Banks, of whom more later, and Sir Charles Lyell. 
No fewer than four of my forbears and kinsmen 
were amongst the twelve who signed the petition 
to Murchison in 1833 asking him to publish his 
work on The Silurian System and they all paid up 
despite the fact that it cost eight guineas instead of 
the maximum of five guineas specified. 
Incidentally I could not find any of the copies in 
our Library and had to buy one at a cost 100 times 
greater than they paid! Murchison read RW 

Banks’ paper at The Geological Society, an honour 
accorded to few if any others (Banks, 1856). 

“I am the custodian of a fine collection of 
geological specimens, both fossils and minerals, 
collected by RW Banks, and my grandparents 
William and Dorothy Banks. The Hergest Estate 
contains many features of geological importance 
including Silurian collecting sites, numerous 
quarries (“build a house dig a hole”) that I now 
know need recording and, as I learned only a few 
weeks ago from Andy Richards of the Hereford 
and Worcester Earth Heritage Trust, one of the 
finest examples of a glacial drain in Britain: a 
canyon in which I once nearly lost my dog. 

“Yet I am no geologist though I have inherited 
some scientific genes from Sir Joseph Banks and, 
as I say later, there are some strange links between 
botany and geology. I am deeply indebted for all 
this store of knowledge to the Archivist of the 
Hergest Trust, The Revd Dr Roy Fenn who, with 
his colleague Jim Sinclair, published “Geology and 
the Border Squires” in The Transactions of the 
Radnorshire Society which I urge you to read if 
you are interested in History and especially 
geological history (Sinclair & Fenn, 1999). 

“The mid Wales borders were the centre of 
Geology more than one hundred and fifty years 
ago when Murchison attended the meeting of the 
Cambrian Archaeological Association in Ludlow 
in 1852 “to explain his views of the Structure of 
the region”, a meeting at which RW Banks was 
present. It is exciting to know, as we have heard 
today, that we are back at the heart of geological 
science especially with the work of the Siveter 
brothers on the Herefordshire Lagerstätten with its 
wealth of soft tissue structures including the fossil 
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displaying the earliest known penis that even made 
it into the national press. 

“Much of the relevance of geology round here 
150 years ago was economic, often revolving 
around the search for coal, which my ancestors 
were corresponding with James Watt about from 
1810 onwards as Roy Fenn relates in his Linnean 
article. No one doubted its relevance then and 
indeed it was at the core of scientific enquiry. It 
was also interdisciplinary; those involved believed 
that they belonged to the wider class of “Natural 
historians” as well as being geologists and 
amateurs of science in the proper meaning of 
amateur. One illustration of this is the fact that you 
could have heard the names of Sedgwick and 
Sowerby being quoted with equal reverence in a 
botanical conference as in a geological one. I 
would only add the name of Henslow who started 
as the Professor of Geology at Cambridge and then 
became the creator of the university botanical 
garden. Incidentally he, as Darwin’s teacher, has a 
fair claim to be the origin of Charles Darwin’s 
evolutionary theory with his fascination for 
variation inside plant species. I was greatly 
encouraged today to see the keenness of so many 
of our speakers to avoid the silo mentality but to 
seek to reach across the man-made boundaries 
between the sciences. 

“However the vital message that I take away 
from this exciting and stimulating day is the huge 
need to proselytise the relevance of geology today. 
It is clear that it is relevant to us but, we are a small 
and I am afraid, largely, an aging audience. We 
need to get the message out to the young that this 
is not only a fascinating but also an important and 
relevant science. We owe it to those giants of 
whom we have been speaking to do so. 
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