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Shropshire unconformities 

 

Peter Toghill
1
 

 
 

TOGHILL, P. (2011). Shropshire unconformities. Proceedings of the Shropshire Geological Society, 16, 1–12. 

The remarkable variety of rock within Shropshire spans 700 million years of Earth history, dominated by southern 

Britain's position near to plate boundaries through most of late Precambrian and Phanerozoic time. Associated 

plate tectonic processes have led to significant breaks in deposition, uplift and disturbance, thereby splitting the 

geological sequence apart with a series of major unconformities. 
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BACKGROUND 

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 landscape of Shropshire is underlain by a 

rock sequence of remarkable variety, covering 700 

million years of Earth history. This has primarily 

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 (Toghill, 2008). 

At Siccar Point, James Hutton was able to 

deduce how the age of Earth had to be much older 

than that estimated at the time (about 6000 years). 

Hutton (1795) observed two distinct layers of 

sedimentary rock (Figures 1 and 2). These layers 

were almost at right angles to each other and did 

not appear to conform to the regular superposition 

pattern (a younger horizontal layer lying on top of 

another, older, one). However, it was to be 

Jameson who would first refer to such a contact 

between the layers as an unconformity (Jameson, 

1805). 
 

 

 

 

 

 

 

 

 

 
Figure 1.  The classic unconformity at Siccar Point, 

Berwickshire, first described by Hutton in 1795. View from 

the south showing thick, red, gently dipping beds of Middle 

Old Red Sandstone overlying steeply dipping Silurian 

(Wenlock) greywackes. © Peter Toghill 2011. 

 

 
Figure 2.  Close up view of the classic unconformity at Siccar 

Point showing a thin cover of  Middle Old Red Sandstone 

overlying steeply dipping Silurian (Wenlock)greywackes, 

these two sequences now believed to be separated by a time 

gap of some 30 million years. © Landform Slides 2000. 
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An unconformity implies that: 

1. a sequence of sedimentary rocks was 

originally deposited horizontally; 

2. the sequence was then tilted and brought to 

the surface (on land) or the sea bed; 

3. the sequence was subsequently eroded and 

the landscape flattened; 

4. the area was then covered by the deposits of 

wind, rivers, glaciers, lakes or sea, and a 

new sequence was deposited on top of 

the earlier beds, above the erosion 

surface. 

TYPES OF UNCONFORMITY 

An unconformity is the physical manifestation of a 

substantial time gap or break within a rock 

sequence. This time gap might represent either a 

very short interval or a very long interval. 

Dunbar & Rodgers (1957) defined an 

unconformity as “a temporal break in a 

stratigraphic sequence resulting from a change in 

regime that caused deposition to cease for a 

considerable span of time. It normally implies 

uplift and erosion with the loss of some of the 

previously formed record” (Figure 3). 

 

 
Figure 3.  Diagrammatic view of how unconformities can be 

created by sediment deposition followed by uplift and 

erosion, and then renewed sediment deposition (after Dunbar 

& Rodgers, 1957). 

 

Four types of unconformity can be recognised 

falling within such a definition (Figure 4): 

1. Angular unconformity; 

2. Disconformity; 

3. Nonconformity; 

4. Paraconformity. 

 

An angular unconformity occurs where the two 

sets of strata are orientated at an angle to each 

other, as at Siccar Point. 

A disconformity is when the strata above and 

below the unconformity are parallel (have the 

same dip); usually such an unconformity develops 

as a result of erosion, for instance by a drop in sea 

level that would expose sediments to erosion 

followed by a later rise in sea level that would 

cause sedimentation to start again. The erosion 

surface represents a break in sedimentation, i.e. a 

time gap. 

A nonconformity occurs when layered 

sediments overlie an exposed and eroded 

crystalline basement, usually of igneous or 

metamorphic rock. This implies that the older 

rocks were metamorphosed, generally during plate 

collision, or were intruded by large plutons of 

igneous rock. These were then exposed at the 

surface and eroded, subsequently being covered in 

sediments. 

A paraconformity does not require erosion but 

can arise if the rate of sedimentation becomes very 

small so that there is no sedimentary record for that 

time interval. Again, this represents a gap in time, 

and evidence may well include a concentration of 

fossil species along the unconformable surface, 

lacking dilution with sediment, i.e. a condensed 

sequence. 

Unconformities, notably of the angular type, 

can be recognised on a geological map by the 

occurrence of triple contacts, where the contact by 

one stratigraphic unit (the younger) straddles the 

contact between another two. The base of the 

Permian around Oswestry (top left of Figure 5) 

clearly reveals the Permian succession to be lying 

with such an angular unconformity upon the 

Carboniferous and older beds beneath. 
 

 
Figure 4.  The four main types of unconformity (after 

Tomkeieff, 1962). 
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SHROPSHIRE 

The landscape of Shropshire is underlain by a rock 

sequence containing representatives of ten of the 

twelve recognised periods of geological time (12 

out of 14 if the Tertiary is subdivided into two 

periods and the Ediacaran of the uppermost 

Precambrian is included too). These are clearly 

revealed in the stratigraphic column for the County 

(Figure 6). 

 

 
Figure 5.  Geological map of Shropshire. Only the major 

stratigraphic units and 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. 

 

 
Figure 6.  Sequence of sedimentary and volcanic rocks in 

Shropshire (the “stratigraphic column”) and main periods 

of earth movements. Intrusive igneous rocks not shown. 

© Copyright 2006 Peter Toghill. 

 

The oldest rocks outcropping in Shropshire are late 

Precambrian: metamorphic Rushton Schist (667 

Ma), Uriconian 566 Ma) (Figure 7) followed by a 

great thickness (some 3,000 m) of Longmyndian 

sediments (556-567 Ma), the latter two included 

within the recently defined Ediacaran Period. 

Although the contacts between them are not 

exposed, their disparity in origin and varying 

degrees of tectonic disturbance mean that each is 

almost certainly separated from the others by 

unconformities. 
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Within the Longmyndian are two main groups: 

the more widely spread Wentnor overlying the 

more restricted Stretton, now thought to be 

conformable and their differences accounted for by 

facies related to evolution in an island arc setting 

close to a converging plate boundary. 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. 

Extensive lateral displacement took place as the 

region was split apart around 600 million years 

ago to form a marginal basin bounded by faults 

now called the Welsh Borderland Fault System. 

The most well known of these faults, the Church 

Stretton Fault, together with its partner further 

west, the Pontesford-Linley fault, would have a 

profound effect on Shropshire geology for nearly 

500 million years (Figure 8). 

 

 
Figure 7.  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 the Church 

Stretton and Pontesford-Linley Faults. © Copyright 2006 

Peter Toghill. 

 

 
Figure 8.  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 2011 Peter Toghill. 

 

The sequence is clearly somewhat complex, for 

example the coarse Stanbatch Conglomerate found 

on the Longmynd is derived from eroded volcanics 

and here there is no unconformity, but on 

Willstone Hill the contact between Uriconian 

rhyolites and the Wentnor conglomerates is 

possibly unconformable (Figure 9). 

 

 
Figure 9.  The Battlestones. A Uriconian rhyolitic crag at 

the northern end of Willstone Hill unconformably 

overlain (towards the left) by an extensive bed of 

Wentnor Conglomerate. © Copyright 2011 Peter Toghill. 
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A major marine transgression following further 

widening of the Iapetus Ocean marked the start of 

the Cambrian period (542 Ma to 495 Ma), with a 

major unconformity below shallow water 

quartzites and sandstones. These formed over the 

Welsh Marches and are now exposed around the 

Wrekin (Figures 10 and 11). Fossil evidence 

suggests that sedimentation did not commence 

until ca. 535 Ma. 

There is a minor unconformity between the St 

David's Series (middle Cambrian) and the 

Caerfai/Comley Series (Lower Cambrian), and the 

late Cambrian Merioneth Series is only thinly 

developed with 30 m of sediments equating to 

3000 m in the Harlech Dome. 
 

Figure 10.  Unconformity (strictly: a non-conformity) at 

Ercall Quarries (centre of view, dipping to the right). The 

Cambrian Wrekin Quartzite is dipping steeply south-east 

(to the right) resting unconformably on pink late 

Precambrian Ercall Granophyre. © Copyright 2011 Peter 

Toghill. 

 

 
Figure 11.  Ripple-marked bedding plane in Wrekin 

Quartzite, Ercall Quarries (close up view centre right of 

Figure 10). © Copyright 2006 Peter Toghill. 

 

The Cambrian through into the Ordovician saw a 

steady evolution of trilobites (Figures 12 and 13) 

during which sedimentation continued in 

Shropshire, without significant breaks, into the 

Tremadoc (Lower Ordovician). Later in 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. 

 

 
Figure 12.  Evolution of trilobites through the Cambrian. 

© Copyright 2011 Peter Toghill. 

 

 
Figure 13.  Evolution of trilobites and graptolites through 

the Ordovician. © Copyright 2011 Peter Toghill. 
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The early Ordovician (Tremadoc) mud blanket 

which had encroached over the whole area was 

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 Quartzite and 

volcanic lavas and ashes, only occur west of the 

fault (Figure 14). The stages of evolution of this 

sequence and the creation of the various 

unconformities is illustrated in Figure 15. 

 

 
Figure 14.  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 2011 Peter Toghill. 

 

 
Figure 15.  Ordovician transgressions and regressions 

across the Pontesford-Linley and Church Stretton Faults. 

© Copyright 2011 Peter Toghill. 

 

A major transgression eastwards occurred at the 

start of the Caradoc epoch with the famous  sub-

Caradoc unconformity forming east of the 

Pontesford-Linley Fault. Areas immediately east 

of the fault show a possible exposed sub-Caradoc 

“lumpy landscape” (Figure 16). 

The unconformity is exposed in a roadside 

cutting at Hope Bowdler, where Caradoc Harnage 

Shale overlies Precambrian Uriconian (Figures 17 

and 18). Wind-facetted pebbles in the Hoar Edge 

Grit suggest the sea spread over a desert landscape. 

The deep extent of weathering into the 

landscape is also well seen within the Onny Valley 

where the basal Ordovician Hoar Edge Grit 

overlies deeply weathered Wentnor Group 

Bayston Hill sediments (Figure 19). 
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Figure 16.  The exhumed, possibly sub-Caradoc, 

landscape ("lumpy landscape") in the western Longmynd 

immediately east of the Pontesford-Linley fault. © 

Copyright 2011 Peter Toghill. 

 

 
Figure 17.  Angular unconformity exposed in a roadside 

cutting at Hope Bowdler, where Caradoc Harnage Shale 

overlies Precambrian Uriconian. © Copyright 2011 Peter 

Toghill. 

 

 
Figure 18.  Close-up view of Figure 17. © Copyright 

2011 Peter Toghill. 

 

 

 

 

 

 

 

 

 

 
Figure 19.  Old quarry in the Onny Valley where the basal 

Ordovician Hoar Edge Grit overlies deeply weathered 

Wentnor Group Bayston Hill sediment. © Copyright 2011 

Peter Toghill. 

 

Indeed, the extensive erosion accompanying deep 

weathering seems to have planed the landscape, 

evidence for which can be seen at Hazler Hill 

(Figure 20). Here a deep Neptunean dyke cuts the 

corner of the quarry, comprising a fissure within 

Precambrian Uriconian basalt infilled with 

Ordovician Caradoc siltstones with shelly fossils 

of that age (Figure 21). 
 

 
Figure 20.  Neptunean dyke (centre right) in the shadow 

of the corner of an old quarry at Hazler Hill. This is 

infilled with Caradoc siltstone and cuts vertically through 

Uriconian basalt, which forms the bulk of the quarry. The 

top of the quarry corresponds to the pre-Caradoc 

landscape, i.e. the plane of unconformity. © Copyright 

2011 Peter Toghill. 
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Figure 21.  Close up view of the Neptunean dyke (centre, 

immediately right of the hammer) shown in Figure 20 

Hazler Hill. © Copyright 2011 Peter Toghill. 

 

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. The 

only Ashgill age sediments in Shropshire occur in 

the far north west. 

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. 

This was followed by the Silurian period (443 

to 418 Ma), made famous by Murchison, which 

saw the Welsh Marches in the southern tropics, 

around 25 to 20 degrees south. The rising sea level 

caused a major marine transgression at the 

beginning of this period (the Llandovery) and the 

widespread deposition of a basal conglomerate 

over the unconformity (variously known by local 

names such as the Bog Quartzite and the 

Pentamerus Beds) (Figure 22), whose formation is 

shown in Figure 23. The sub-Llandovery erosion 

surface sloping up northwards from Norbury is 

well seen in Figure 24 looking west from the 

Longmynd. However, the angle of the 

unconformity is sometimes only very slight, just 

four degrees between the Silurian Purple Shales 

and Ordovician Onny Shales beneath within the 

Onny Valley (Figure 25). 

Unconformities at the base of the Silurian are 

widely distributed across Shropshire. One of the 

most dramatic outcrops at the south-western end of 

the Longmynd, where the Silurian sea lapped the 

hard exposed rocks of the late Precambrian, 

outcropping as a marine coastline. Indeed, some of 

the pillar-like shapes of the Precambrian are 

believed to be sea stacks, preserved by the Silurian 

sediment as it smothered the ancient coastline 

(Figure 26). The eastern side of the Longmynd 

near Church Stretton also reveals a buried pre-

Silurian landscape (Figure 27). 
 

 
Figure 22.  The varied fauna of the Bog Quartzite by the 

(now demolished) Miners Arms, next to the Bog Centre 

west of the Stiperstones ridge. © Copyright 2011 Peter 

Toghill. 
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Figure 23.  Development of the unconformity in 

Shropshire between the Ordovician and Silurian Systems. 

© Peter Toghill 2011. 

 

 

 

 
Figure 24.  View west towards Corndon Hill; the hamlet 

of Norbury is centre right. The sub-Llandovery erosion 

surface is shown sloping north,up to the right, from 

Norbury. © Peter Toghill 2011. 

 

 
Figure 25..  A river cliff within the Onny River revealing 

the gentle angle of unconformity between the Silurian 

Purple Shales and Ordovician Onny Shales beneath (just 

four degrees). This corresponds to the change in colour 

from grey (left) to brown (right), immediately left of the 

copyright text. © Copyright 2011 Peter Toghill. 

 

 
Figure 26.  Silurian sea stacks of Precambrian rock at the 

south-western end of the Longmynd. Basal Silurian 

sediments in the foreground. © Copyright 2011 Peter 

Toghill. 
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Figure 27.  The pre-Silurian landscape exhumed on the 

eastern flank of the Longmynd above Church Stretton, 

with the slope of the upper flanks of the hills being the 

same as the dip of the Silurian sediments outcropping 

within the town at the foot (within the trees). © Copyright 

2011 Peter Toghill. 

 

The early Silurian Llandovery transgression from 

the west 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 in the classic Wenlock Edge 

and Ludlow areas. The sequence passes westwards 

off the shelf into deeper water sediments (Figure 

28). 

 

 
Figure 28.  Changes in sedimentary sequences from shelf 

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. 

 

At the end of the Silurian the Iapetus Ocean had 

almost closed, with southern and northern Britain 

finally joined by the time of the mid Devonian. 

The change from marine to non-marine,Lower Old 

Red Sandstone, sediments marked by the Ludlow 

Bone Bed in the late Silurian indicates uplift as the 

Caledonian Mountains were rising further north. 

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 formed over the Welsh 

Marches. 

This was followed by a major unconformity as 

conditions returned to marine at the beginning of 

the Carboniferous (362 to 290 Ma). However, a 

landmass now separated two Carboniferous seas 

either side of St George’s Land, where the 

Carboniferous Limestone was laid down in two 

different provinces.In Shropshire the Titterstone 

Clee area lay in the southern province and early 

Dinantian Carboniferous Limestone overlies 

unconformably the Old Red Sandstone.North of St 

George's land in the Oswestry -Llanymynech area, 

the Carboniferous Limestone is late Dinantian and 

overlies tightly folded Ordovician and Silurian 

rocks with a major unconformity at its base. 

Throughout this time periodic episodes of the 

Variscan Orogeny left their mark, as with the 

faulting of the Coal Measures (Figure 29), together 

with a series of relatively minor unconformities 

representing periods when sedimentation was not 

possible or earlier sediments were eroded away. 

 

 
Figure 29.  Variscan faulting of Middle Coal Measures, 

Telford. © Copyright 2011 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. 
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One such site has historical interest: Pennyfold 

Lane in Llanymynech (Figure 30), which was 

visited by the young Charles Darwin as he 

accompanied Adam Sedgwick whilst learning 

more about field geology prior to embarking on his 

epic voyage on HMS Beagle. Here almost 

horizontal Carboniferous Limestone is resting on 

steeply dipping Ordovician rocks (Figure 31). 

Arid conditions set in during the late 

Carboniferous as Britain found itself in the arid 

heart of Pangaea, just north of the Equator. Desert 

sandstones covered the area during the Permian 

and Triassic periods (290 to 206 Ma). A major 

unconformity occurs at the base of the Permian 

well seen in the geological map of Shropshire 

(Figure 5) where, in the north west of the county, 

the basal Permian cuts across the already folded 

Carboniferous. 
 

 
Figure 30.  Pennyfold Lane in Llanymynech, which was 

visited by the young Charles Darwin as he accompanied 

Adam Sedgwick. The cutting exposes horizontal 

Carboniferous Limestone resting on steeply dipping 

Ordovician rocks. © Copyright 2011 Peter Toghill. 

 

 
Figure 31.  Bedding plane in steeply dipping Ordovician 

rocks within the cut face (just left of centre in Figure 29). 

© Copyright 2011 Peter Toghill. 

 

Following late Carboniferous uplift the 

Carboniferous Limestone was exposed and 

incorporated as eroded fragments in the basal 

Permian Alberbury Breccia. Elsewhere the basal 

Permian sand dunes spread across the landscape 

and rode over each other (Figure 32). The basal 

Triassic Kidderminster Conglomerate ( Figure 33) 

indicates river channels cutting down into Permian 

dune sandstones. 

During the late Triassic and the beginning of 

the 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. 
 

 
Figure 32.  Bridgnorth Sandstone of Permian age, 

Bridgnorth. Exposure displays barchan sand dunes with 

prominent cross-bedding. © Copyright 2011 Peter 

Toghill. 

 

 
Figure 33.  Basal Triassic Kidderminster Conglomerate 

(Bunter Pebble Beds) at Bridgnorth. A river channel full 

of conglomerates cutting down into Permian dune 

sandstones. © Copyright 2011 Peter Toghill. 
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During the Tertiary period (65 to 2 Ma) 

Shropshire, now close to its present latitude, 

experienced uplift and erosion of great thicknesses 

of Mesozoic rocks, to expose a landscape not too 

dissimilar to today. The Tertiary erosion surface in 

mid-Wales is well seen in the distance in Figure 34 

with Cader Idris rising above it. 

The landscape, was extensively modified 

during the Quaternary Ice Ages and post glacial 

periods (2 Ma to present day). Although little 

primary glacial erosion took place, subglacial 

channels and proglacial lakes enabled river 

diversions and extensive sheets of glacial and 

fluvioglacial sediment were laid down. 

CONCLUDING REMARKS 

There are, perhaps, more major unconformities 

outcropping in Shropshire than anywhere else in 

the UK. 

 

 
Figure 34.  View west from the Longmynd showing, in the 

distance, the Tertiary erosion surface in mid-Wales with 

Cader Idris rising above it. © Copyright 2011 Peter Toghill. 

 

The frequency and extent of these breaks in the 

stratigraphic succession are a reflection of the 

location of Shropshire close to plate and terrane 

boundaries throughout Phanerozoic time, an 

integral part of the complex geological history of 

the region. 

Although not the easiest to identify, much of 

the northern and central part of Shropshire was 

glaciated during the Devensian. An idea of the 

maximum extent of glacial ice some 18,000 years 

ago is mimicked by fog banks in Figure 35. 

 

 
Figure 35.  View from the Longmynd across Stretton Valley 

towards Caer Caradoc and Hope Bowdler Hill, with The 

Lawley on the left. The level of the fog bank reflects the 

maximum extent, and height, of glacial ice during the 

Devensian. © 2011 Eric and Lesley Brown. 
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INTRODUCTION 
In 1799 Robert Townson privately published 
“Tracts and Observations in Natural History and 
Physiology”, printed by J. White of Fleet Street, 
London. This contained a 48-page section 
entitled “A Sketch of the Mineralogy of 
Shropshire”: the earliest substantive description 
of the geology of the County. 

Secondhand copies occasionally come up for 
sale, but there is also a scanned version 
available through the Google Books project, 
which may be accessed by entering the exact 
title at http://books.google.co.uk. Alternatively 
this can be obtained in hardcopy using Print on 
Demand (go to www.AbeBooks.co.uk, search 
author “Townson”, title “Tracts and 
Observations”, and choose from the suppliers). 

On 26th September 1997 a symposium was 
held in Debrecen, Hungary, to celebrate Robert 
Townson. Fifteen of the presentations, some in 
Hungarian and some in English, were 
subsequently published in 1999 as a book 
entitled “Robert Townson’s Travels in 
Hungary” (Figures 1 and 2). 

 
 
 
Torrens’ lecture to the symposium, “Robert 

Townson (1762–1827): Thoughts on a 
Polymathic Natural Historian and Traveller 
Extraordinary”, formed the basis of his 
subsequent talk to the Shropshire Geological 
Society (in October 2010). This covered similar 
ground and so, in the hope of giving Townson 
both due recognition and raising our awareness 
of his contribution to our understanding of the 
local geology, the text of Torrens’ Hungarian 
chapter, pages 19–26, is reproduced here, with 
kind permission of the Editor, Dr Péter Rózsa. 

Keith Hotchkiss 
 

 



 H.S. TORRENS  
 

 

Proceedings of the Shropshire Geological Society, 16, 13−24 14 © 2011 Shropshire Geological Society
 

 
Figure 1. Frontispiece from “Robert Townson’s Travels in Hungary” edited by Dr Péter Rózsa and published in 1999 by Kossuth 
Egyetemi Kiadó, Debrecen. 
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Figure 2. Preface by Dr Endre Dudich to “Robert Townson’s Travels in Hungary” edited by Dr Péter Rózsa. 
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Landscape evolution in central Shropshire: a simple field aid 
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LANDSCAPE EVOLUTION 

The stratigraphy of Shropshire includes several 

unconformities representing periods of erosion 

before further continuing deposition. Some are 

local but others widespread and common to much 

of the Welsh Borderland (Toghill, 2011). 

While such old erosion surfaces now lie buried 

under the new layers, they may also make a 

contribution to the present landscape beyond their 

‘outcrop’ zone. This subject can be explored and 

demonstrated by simple card and paper models, 

most appropriate for use in the field away from 

sophisticated electronic presentation. ‘Students’ 

can also be encouraged to make their own copies 

from base maps provided. 

A SIMPLE FIELD AID 

Construction involves first clipping the maps to a 

sheet of A4 card and then identifying those 

boundaries associated with the well-known 

unconformities: at the base of the Caradoc, 

Llandovery, Lower Carboniferous, Upper 

Carboniferous, and Triassic (Figure 1). By cutting 

along these lines each overlying layer can be 

converted into a ‘flap’ hinged at the margin, which 

can be peeled back to reveal the continuation of 

older structures underneath, now drawn on the 

exposed backing card (Figure 2). Some of these 

may of course be guesswork but useful cross-

sections based on boreholes do appear on the 

published geological maps (e.g. Greig et al., 

1974). The whole model can then be pasted down 

on the base card for stability and extra paper added 

where necessary to allow flaps to extend under the 

one above. 

The model is particularly useful for 

demonstrating the general ‘Caledonian’ trend of 

the Welsh Borderland structures, extending 

underneath the Carboniferous cover or the 

continuation of earlier fault systems. 

GEOLOGICAL EVOLUTION AND 

INFLUENCE ON ANCIENT LANDSCAPES 

Having identified these buried surfaces, the more 

detailed way in which they can influence the 

present landscape can be demonstrated by a similar 

model at larger scale, and with contours. The area 

around Pontesbury (Figure 3) is a very suitable one 

where three of those unconformities overlap 

around the northern end of the Ordovician 

Stiperstones ridge and the Precambrian Longmynd 

plateau. 

There is independent evidence from 

contaminated mineral veins that the covering 

formations once extended over the higher ground 

and only acquired their present boundary through 

Late Tertiary erosion (Toghill, 2011). The exposed 

upland summits at least could therefore represent 

parts of these unconformities. Then, as the 

successive layers of ‘cover’ are peeled back on the 

model (Figure 4), it can be demonstrated how 

those surfaces extend down beneath them. 

In particular, the very irregular north-eastern 

flank of the Longmynd may have originally been 

produced by pre-Caradocian erosion and is now 

revealed by the partial removal of the Pontesford 

Shales. Earls Hill may be just one more part of this 

irregular landscape, cut short to the west by the 

movement along the Pontesford-Linley Fault. 

More well-known is the way in which the 

Llandovery transgression drowned irregular relief 

in the Welsh Borderlands and West Midlands. The 

model demonstrates how the flanks of the 
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Stiperstones ridge may once have been a Silurian 

sea cliff! 

Devonian and Lower Carboniferous rocks are 

absent from this area, giving a long enough 

erosional timescale for a more even tropical plain 

to develop upon which the Upper Coal Measures 

were eventually deposited. Nevertheless the 

resistant Stiperstones Quartzite and the igneous 

Earls Hill could still stand out amongst those coal 

swamps. 

The succession in the East Shropshire Coalfield 

includes a period of earth movement and erosion 

between the Lower and Upper Coal Measures, 

which miners called the ‘Symon Fault’. This same 

unconformity could be here around Pontesbury, 

revealed on the model by ‘peeling back’ the Coal 

Measures and also seen to continue over the 

exposed summits. St Georges Land is indeed still 

here before our eyes! 

In short, in our new high technology age, those 

old skills promoted by the BBC series ‘Blue Peter’ 

can still be useful in helping students and laymen 

to understand Shropshire’s complex landscape. 

 

 



 LANDSCAPE EVOLUTION  

 

 

Proceedings of the Shropshire Geological Society, 16, 25−30 27  2011 Shropshire Geological Society
 

 
Figure 1. Major unconformities across Shropshire. The A4 paper-based model constructed by the author, mounted on card. The 

area covers the whole county, approximately 70 by 50 km. 
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(a)  (b)  

(c)  (d)  

 
Figures 2a-d. Unpeeling the stratigraphy to reveal the geological outcrops now represented as major unconformities at the 

beginning of the Permo-Trias (2a), Carboniferous (2b), Lower Silurian (Llandovery) Kenley Grit (2c), and Upper Ordovician Hoar 

Edge Grit (2d), to reveal the Lower Ordovician, Cambrian and Precambrian beneath. 
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Figure 3. “Secondhand landscapes”: geology, unconformities and possible exhumed surfaces in the present day relief, Pontesbury 

and North Stiperstones, central Shropshire. The A4 paper-based model constructed by the author, mounted on card. Area is 

approximately 15 km square. 
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(a)  (b)  

(c)  (d)  

 
Figures 4a-d. Present geology with suggested exhumed unconformities in present landscape (4a), at the beginning of the Upper 

Carboniferous/Permian (4b), Lower Silurian (Llandovery) (4c), and Upper Ordovician (Caradoc) (4d). 

. 
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Reviewing the Ediacaran fossils of the Long Mynd, Shropshire 
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INTRODUCTION 
The Ediacaran Period 635–542 Ma, ratified as 
recently as 2004, is the youngest period of the 
Proterozoic Eon (Knoll et al., 2004; Van 
Kranendonk et al., 2008). Ediacaran fossil 
assemblages document the transition from 
microbe-dominated Proterozoic environments, to 
the metazoan-dominated ecosystems of the 
Phanerozoic (cf. Clapham et al., 2003). Fossils of 
the macroscopic Ediacara biota (soft-bodied 
organisms which can reach over one metre in 
length), do not closely resemble any modern taxa, 
and are found in a variety of depositional 
environments at over 35 locations worldwide (for a 
summary, see Fedonkin et al., 2007a). While many 
of these Ediacaran fossils cannot currently be 
assigned to modern taxonomic groups, study of the 
Ediacara biota is nevertheless of great importance 
for increasing our understanding of metazoan 
evolution. 

The appearance and proliferation of 
macroscopic organisms on Earth during the 
Ediacaran to Cambrian transition facilitated 
dramatic shifts in marine ecological organisation, 
taphonomic processes, behavioural capabilities, 
and environmental conditions (e.g. Seilacher and 
Pflüger, 1994; Bottjer et al., 2000; Brasier et al., 
2011; Butterfield, 2011). Ediacaran biological 
diversification also correlates temporally with 
several physical and chemical changes in the Late 
Neoproterozoic oceans. These include large 
perturbations in chemical cycles (e.g. Halverson et 
al., 2005; Canfield et al., 2007), extensive 
glaciations (Hoffman et al., 1998), and 
supercontinental break-up (e.g. Scotese, 2009). 
Determining the chronology of and relationships 

between these events will enable us to better 
appreciate the palaeobiological processes 
occurring in the Late Neoproterozoic biosphere. 

The shallow-water assemblage of Ediacaran 
fossils from the Long Mynd of Shropshire, U.K. 
(Figure 1), includes the first biological structures to 
be described from rocks of Precambrian age 
(Salter, 1856; see historical review in Callow et al., 
2011). Although these fossils have been known for 
many decades, they have recently become 
increasingly important, since the Longmyndian 
successions have been recognised to record some 
of the oldest macrofossil-bearing shallow-water 
siliciclastic environments in the world. Herein, the 
context and importance of the Long Mynd fossil 
assemblage is discussed. Preliminary stratigraphic 
ranges are presented for the taxa of the 
Longmyndian Supergroup, and the assemblage is 
compared to those of other Ediacaran localities 
worldwide. 

A BACKGROUND TO EDIACARAN 
RESEARCH 

Early scientists considered the Precambrian to be 
‘Azoic’ (a term defined by Murchison, 1845, to 
describe crystalline rocks beneath his basal 
Silurian zone), and therefore devoid of life. This 
supposition was based upon the apparent absence 
of shells, bones, or fossil impressions in rocks of 
that age. From a mid-1800s viewpoint, animals 
first appeared and diversified in what is now the 
Cambrian Period (e.g. Buckland, 1841). The lack 
of animal fossils in older rocks seemingly 
represented a true absence of organisms. Despite 
this, and contrary to the general conceptions of his 
peers, Charles Darwin had recognised by 1859 that 
the history of life on Earth must have stretched 
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Figure 1.  A map, and generalised stratigraphic column (not to scale), showing the geology of the Long Mynd, Shropshire, U.K. 
The map is redrawn from BGS Map sheet E166 (Church Stretton). Field sites examined during this study are identified by white 
dots. See the stratigraphic column for a key to the geological units. Dates are from Compston et al. (2002). Labels refer to the major 
settlements and valleys on the eastern flanks of the Long Mynd. 
 
back prior to the Cambrian (Darwin, 1859, pg. 
307): 

“if my theory be true, it is indisputable that 
before the lowest Silurian [now Cambrian] 
stratum was deposited, long periods elapsed, as 
long as, or probably far longer than, the whole 
interval from the Silurian age to the present 
day; and that during these vast, yet quite 
unknown, periods of time, the world swarmed 
with living creatures.” 
 

The discrepancy between Darwin’s expectations, 
based on evolutionary theory, and the sparse fossil 
record, presented a paradox now commonly 
referred to as Darwin’s Dilemma (see the historical 
review in Brasier, 2009). Solving this dilemma has 
only been possible through subsequent 

palaeontological discoveries, with the Ediacara 
biota forming an integral part of this narrative. 

The first fossils to be described from 
definitively Precambrian rocks came from the 
Long Mynd of Shropshire even as Darwin was 
writing The Origin of Species; Arenicola (sic) 
didyma in 1856 (originally described as trace 
fossils; Salter, 1856, 1857). Regrettably, the true 
importance of these finds was not immediately 
recognised, despite their mention by Darwin in 
The Origin (Darwin, 1859; see review in Callow et 
al., 2011), and the presence of pre-Cambrian 
fossils thus remained largely unreported. Large 
‘rings’ preserved in a slate quarry in rural 
Leicestershire, England, were noted in 1866 
(Ansted, 1866) and again in 1877 (Hill and 
Bonney, 1877), while the discoidal impression 
Aspidella terranovica from Newfoundland, 
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Canada, was also discovered in 1866 (Billings, 
1872). However, the palaeontological significance 
of these circular impressions also remained 
obscure. 

It was not until discoveries in the Ediacara Hills 
of South Australia (Sprigg, 1947; Glaessner, 
1958), and in Namibia (Gürich, 1933; Pflug, 1966) 
that fossils of complex macro-organisms were 
convincingly demonstrated to exist in Precambrian 
rocks. The first U.K. discovery important enough 
to achieve global attention was that of the 
Ediacaran frond Charnia masoni by 
schoolchildren in Charnwood Forest, 
Leicestershire (from the same quarry in which 
Ansted’s ‘ring structures’ were described; Ford, 
1958). Since these initial discoveries, the field of 
Ediacaran palaeobiology has expanded 
enormously, to become one of the most 
controversial and stimulating areas in 
palaeontology. 

Macrofossils of soft-bodied organisms range 
from >579 Ma (Narbonne and Gehling, 2003), 
right up to and possibly even across the Ediacaran–
Cambrian boundary (e.g. Conway Morris, 1993; 
Jensen et al., 1998). A diverse microfossil 
assemblage including acritarchs, algae, and 
potential opisthokont embryos has also been 

documented from Ediacaran horizons (e.g. Xiao et 
al., 1998; Fedonkin et al., 2007a). The first 
abundant trace fossils (reviewed in Jensen et al., 
2006; Liu et al., 2010), and the earliest 
macroscopic biomineralized organisms (e.g. 
Germs, 1972), likewise entered the geological 
record during this period. Although recent reports 
have described macroscopic algae (Yuan et al., 
2011), and even putative porifera (Maloof et al., 
2010), from older rocks, the classic Ediacaran 
macrobiota has remained particularly enigmatic. 
No unequivocal examples of metazoans have yet 
been recognized from Ediacaran rocks, and the 
affinities of many Ediacaran organisms remain 
unresolved (Figure 2; see references within the 
figure). 

Fossils of the Ediacara biota are commonly 
separated into three biotic assemblages, based on 
the spatial analyses of Waggoner (2003). The 
Long Mynd localities are associated with the 
oldest of these groupings, the Avalon assemblage, 
which also includes sites in Newfoundland and 
Maritime Canada (Misra, 1969; Narbonne, 2004; 
Hofmann et al., 2008), Leicestershire, U.K. 
(summarised in Wilby et al., 2011), Wales (Cope, 

 

 

 
Figure 2. A cladogram showing previously proposed phylogenetic affinities for the Ediacara biota. The cladogram shows the 
relevant major groupings in the tree of life, with relative branch positions based on the data of Sperling et al., 2009 (their figure 2) 
and Cavalier-Smith, 2010 (his figure 6). Ediacaran macro-organisms have been postulated to belong to groups spread throughout 
the cladogram. The metazoa are shaded to highlight the fact that proposed affinities occur both within and outside of the metazoan 
clade. The extinct Kingdom Vendobionta (Seilacher, 1992) is here inserted as a branch prior to the base of the metazoa, a position 
that is entirely arbitrary and simply added to demonstrate one possible location for a hypothetical clade. The placement of the 
Rhizaria, to which xenophyophores belong, is also dubious, and its position off the amoebozoa (Cavalier-Smith, 2002) is just one of 
several competing possibilities (e.g. Burki et al., 2007). 
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1977), and the north-eastern USA (Landing, 
2004). 

During the Ediacaran Period, these regions lay 
off the micro-continent of Avalonia, a terrane that 
was likely located on the edge of the Cadomian arc 
subduction zone, in the vicinity of the Florida, 
Amazonia and West Africa cratons (Li et al., 
2008). The Avalon assemblage is dominated by a 
group of frondose fossils called rangeomorphs 
(Narbonne, 2004), which resemble fern fronds in 
their gross morphology. 

Avalonian rangeomorph fossils exhibit 
considerable morphological diversity, but are only 
known from the deep-water depositional 
environments of Newfoundland and Leicestershire 
(e.g. Wood et al., 2003; Wilby et al., 2011). In 
contrast, the shallow-water depositional 
environments of the Long Mynd do not exhibit 
any frondose taxa, despite being of a similar age. 
The Long Mynd is therefore of great 
palaeobiological importance, since it can 
potentially reveal whether the lack of 
rangeomorphs in shallow-water settings is 
governed by taphonomic, environmental, or 
evolutionary factors. 

THE LONG MYND SUCCESSIONS 
The Longmyndian Supergroup, outcropping on the 
eastern flanks of the Long Mynd, Shropshire, is 
dated at ~567–555 Ma (Figure 1; Compston et al., 
2002). It records a shallowing-upwards shallow-
marine to fluvial (deltaic and alluvial) siliciclastic 
succession (e.g. McIlroy et al., 2005). 

Although outcrops are plentiful, they are rarely 
stratigraphically continuous for more than a few 
metres, and are often affected by strong 
deformational cleavage. Younger Neoproterozoic 
shallow marine sections in Australia and the White 
Sea region contain diverse assemblages of 
Ediacaran fossils. However, shallow marine 
successions of Avalonia exhibit a comparably 
depauperate assemblage, mostly comprising 
discoidal impressions. 

The rocks and fossils of the Long Mynd have 
been discussed by several luminaries of early 
British geology (e.g. Salter, 1856; Callaway, 1879; 
Lapworth, 1888; Blake, 1890; Watts, 1925), who 
mainly puzzled over their antiquity, and their place 
in British stratigraphy. In more recent times, the 
focus has shifted to characterising the depositional 

environments preserved in the succession, and 
determining the original organisms the fossils 
represent (e.g. Pauley et al., 1991; McIlroy et al., 
2005). 

The small circular impressions so abundant on 
many Longmyndian bedding planes were initially 
interpreted as ‘worm burrows’ (Arenicola didyma; 
Salter 1856; later renamed Arenicolites didymus 
and A. sparsus, Salter 1857). These were joined 
within the assemblage by Annelid tubes, 
'numerous hollows' discussed as gas bubbles or 
rain imprints, thread-like lines discussed as mineral 
structures, and the possible trilobite Palæopyge 
ramsayi (Salter, 1856, 1857). Several of these 
interpretations have since been revised. The 
possible trilobite has been discarded completely 
(see Ramsey, 1859; Callow et al., 2011; personal 
observation of Palaeopyge suggests that it is a 
fractured mineralised crust on the rock surface), 
whilst the paired nature of Salter's Arenicolites 
burrows has also come under intense scrutiny 
(Greig et al., 1968; McIlroy et al., 2005; though 
more recently the apparent coupling of some of 
Salter’s “A. didymus” specimens has been 
supported; Callow et al., 2011). 

Regardless of their paired nature, it is widely 
recognised that the structures described by Salter 
as A. didymus are not burrows (e.g. McIlroy et al., 
2005; Callow et al., 2011), and therefore their 
original Linnaean nomenclature cannot be applied. 
However, given the present lack of suitable 
terminology for these structures of uncertain 
biological affinity, they are here referred to as 
Salter’s “A. didymus” (see Callow et al., 2011, 
figures 3a, c, e). A complete revision of this 
impression and its biogenicity in the near future 
would be of value. The fine threads Salter 
described have been recognised as similar to the 
probable microbially induced sedimentary 
structure ‘Arumberia’ (e.g. McIlroy et al., 2005). 

The biogenicity of various other discoidal 
bumps and pits on numerous Longmyndian 
bedding planes has been debated for many years 
(e.g. Salter, 1856, 1857; Toghill and Chell, 1984; 
Pauley, 1991; McIlroy et al., 2005; Callow et al., 
2011). Current opinion generally follows the 
reasoning of McIlroy et al. (2005) in viewing the 
majority of these impressions (though not all), as 
biogenic features, and assigning them to the 
globally-distributed taxa Beltanelliformis brunsae, 
B. minutae, Intrites punctatus, and Medusinites aff. 
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asteroides (McIlroy et al., 2005; Figures 3A–B, 
3E). 

Detailed reviews of all of these fossils have 
recently been presented by McIlroy et al. (2005) 
and Callow et al. (2011), and readers are therefore 
referred to those publications for more thorough 
taxonomic treatments for these taxa. This author 
concurs with those studies in viewing the linear 
structure ‘Arumberia’ (also found in late 
Neoproterozoic shallow water environments from 
Australia, Newfoundland, India, the Russian Urals, 
and China; Glaessner and Walter, 1975; Liu, 1981; 
McIlroy & Walter 1997; De, 2006; Fedonkin et 
al., 2007a, p. 172), as a probable organo-
sedimentary structure, formed by the action of 
fluids flowing over a cohesive, microbially-bound 
sediment (cf. McIlroy & Walter 1997; McIlroy et 
al., 2005). A diverse microscopic biota including 
bacterial spheroids and filaments is also present in 
the successions, preserved in a variety of 
taphonomic modes (Peat, 1984; Callow and 
Brasier, 2009). 

THE BIOGENICITY OF LONGMYNDIAN 
PITS 

Consideration of at least some Longmyndian 
discoidal impressions as raindrop imprints remains 
a valid suggestion (cf. Toghill, 2006). Salter 
himself entertained a raindrop hypothesis (Salter, 
1856), becoming convinced of their presence by 
1857. The common alternative abiogenic 
hypothesis to explain discoidal impressions on 
siliciclastic bedding planes is that of gas bubbles, 
released in soft sediment by either the degassing of 
fresh sediment (Kindle, 1916), decay of organic 
matter (Spicer, 1904), or microbial activity. 

Whilst this author recognises that some 
Longmyndian specimens from the Synalds 
Formation may represent fossilised raindrop 
impressions (e.g. Toghill, 2006, figs 38–39; contra 
Callow et al., 2011), it can be demonstrated that 
the majority do not.  Both rain imprints (e.g. Lyell, 
1851; Hladil and Beroušek, 1993) and gas bubble 
escape structures (e.g. Frey et al., 2009), exhibit a 
suite of specific morphological characteristics 
(though see Moussa, 1974). It can be demonstrated 
that many Long Mynd specimen morphologies do 
not fit either the raindrop or gas escape criteria. 
The often sub-aqueous depositional environment 
(e.g. within the Burway Formation; Pauley 
Unpublished PhD Thesis, 1986), the consistently 

small size of many impressions, the presence of 
straight boundaries between impressions, and a 
lack of crater rims (e.g. Figure 3A; summarised in 
McIlroy et al., 2005), all suggest that many 
Longmyndian examples are unlikely to be 
fossilised rain imprints. Furthermore, the absence 
of sedimentary deformation beneath these same 
discoidal impressions (Callow et al., 2011), and 
substantial morphological disparity throughout the 
assemblage, would argue against a gas escape 
explanation. 

A biogenic interpretation for Longmyndian 
discoidal features is therefore preferred, and the 
challenge is now to determine exactly what sort of 
organisms are being preserved. Callow et al. 
(2011) consider Salter’s “A. didymus” as most 
likely to represent structures related to microbial 
activity (cf. MISS; Noffke et al., 2001), while algal 
or microbial vesicle affinities have been explored 
for Beltanelliformis (summarised in McIlroy et al., 
2005). Intrites has been compared to protistan 
organisms, while Medusinites aff. asteroides has 
variously been discussed as a trace fossil (McIlroy 
et al., 2005) and a polyp (Narbonne and Aitken, 
1990). With so few distinguishing morphological 
characteristics, elucidating the precise biological 
affinities of small discoidal impressions will 
continue to be difficult until we gain a better 
understanding of both modern biology, and the 
original depositional environments of these 
assemblages. 

STRATIGRAPHIC RANGES 

Although previous Long Mynd palaeontological 
studies have documented the fossils found in each 
geological formation, or from individual hills or 
valleys (e.g. Salter, 1856; McIlroy et al., 2005), 
accompanying locality information has rarely been 
provided in the published literature. It has therefore 
been difficult to quantify accurate stratigraphic 
ranges for individual taxa (see the unpublished 
PhD. thesis of Pauley, 1986, for the only previous 
information regarding this). 

Extensive fieldwork by the author in the 
Longmyndian Supergroup, documenting fossils in 
each of the major valleys on the eastern flanks of 
the hills (see Figure 1 for localities), has produced 
a stratigraphic range chart for the Long Mynd biota 
(Figure 4). Correlation of individual field sites is 
here based upon the Church Stretton geological 
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Figure 3. Ediacaran fossils of the Long Mynd, Shropshire, U.K. A: Beltanelliformis brunsae (larger lumps) and Beltanelliformis 
minutae (small, sharp bumps), viewed under low-angle light. Lightspout Formation, Cardingmill Valley. B: Medusinites aff. 
asteroides preserved on the base of a siltstone, with characteristic central dimple (arrowed). Upper Burway Formation, Ashes 
Hollow. C: The linear feature ‘Arumberia’, Synalds Formation, Cardingmill Valley. D: Microbial mat texture, Synalds Formation, 
Batch Valley. E: Intrites punctatus, upper Burway Formation, Ashes Hollow. Scale bars = 10 mm, except C = 50 mm. Specimens 
A–B, D–E, are housed within the Palaeontological Collections, Department of Earth Sciences, University of Oxford. The specimen 
in C remains in the field. 
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Figure 4. Biostratigraphic ranges of Ediacaran taxa from the Long Mynd, Shropshire, U.K. Red horizontal bars indicate primary 
observations made by the author. Orange bars are data from Peat (1984), and Callow and Brasier (2009). The blue bar represents a 
specimen that is considered doubtful. Radiometric dates are taken from Compston et al., 2002. For specific locality information, 
please see Liu Unpublished D.Phil. Thesis, 2011. The full stratigraphic range of “A. didymus” in the Longmyndian Supergroup is 
currently unknown. 
 
 
map published by the British Geological Survey 
(sheet E166). Due to the incompleteness of the 
Longmyndian exposure, and extensive cleavage 
deformation of these units, it has not been possible 
to accurately determine the stratigraphic position 
of each site, or the throw on the numerous small 
faults that cut through the area but are not marked 
on the published map. Nevertheless, it is 
considered that the stratigraphic positions of the 
bedding planes presented herein are sufficient for 
the purposes of recognising broad biostratigraphic 
patterns. 

The shallow-marine to fluvial environments of 
the Long Mynd do not possess a particularly 
diverse biota (compared to broadly 
contemporaneous deep-water settings such as the 
Charnian Supergroup of Leicestershire, or the 

Conception Group of Newfoundland; cf. Wilby et 
al., 2011; Liu et al., In Press). Indeed, in terms of 
shared biotic components, only microbial mats are 
found within all of these Avalonian localities. 

Beltanelliformis minutae is the most common 
Long Mynd taxon, but the stratigraphic ranges of 
both microbial mats, and the linear structure 
‘Arumberia’, correlate with that of B. minutae 
(Figure 4). The similar stratigraphic ranges of 
Beltanelliformis and ‘Arumberia’ in the Long 
Mynd, and their common appearance together on 
bedding planes (though both are also found 
individually), confirm the observations of previous 
workers (Salter 1857; Bland 1984), and may 
suggest a potential relationship between these two 
impressions. However, there are no clear spatial 
relationships between them on individual bedding 



 A.G. LIU  
 

 

Proceedings of the Shropshire Geological Society, 16, 31−43 38 © 2011 Shropshire Geological Society
 

planes. The discoidal taxa Medusinites aff. 
asteroides and Intrites are found to be fairly rare 
within the Long Mynd successions, occurring only 
on a limited number of bedding planes, and 
possibly only in the upper Burway Formation 
(Figure 4). However, where they do occur, they do 
so in abundance. Finally, the apparent rarity of 
microbial filaments within the studied 
Longmyndian beds is most likely to be due to 
under-sampling at present. 

The majority of fossil occurrences are confined 
to the transitional Burway, Synalds and Lightspout 
Formations, which document a shift from very 
shallow nearshore (deltaic?) deposits through to 
alluvial and fluvial sedimentation (McIlroy et al., 
2005). Above this, the terrestrial sandstones of the 
Portway Formation are unfossiliferous. My own 
studies did not extend down into the Stretton 
Shales, but the discovery of filamentous 
microfossils (Peat, 1984), combined with an 
inferred turbiditic marine depositional environment 
(McIlroy et al., 2005; a broadly comparable 
depositional regime to that found in Newfoundland 
and Charnwood), makes the unit an interesting 
prospect for future palaeontological exploration. 
Unfortunately, the palaeontological potential of the 
Stretton Shales may be dampened somewhat by its 
position directly beneath the town of Church 
Stretton, and the effects of severe weathering upon 
the few remaining outcrops. 

WHAT CAN WE LEARN FROM THE LONG 
MYND? 

The Long Mynd biota is very different to that of 
Charnwood Forest, Leicestershire, or the 
Conception Group of Newfoundland, in being 
composed primarily of small discoidal taxa, and 
microbial structures. This is despite all three 
regions sharing similar ages (Compston et al., 
2002; Van Kranendonk et al., 2008; Wilby et al., 
2011). 

The three discoidal taxa commonly found in the 
Conception and St John’s Groups of 
Newfoundland (Aspidella, Hiemalora, 
Triforillonia), have not yet been found on the Long 
Mynd, making biostratigraphic correlation with 
those units difficult. As yet unreported discoveries 
in the shallow-marine to alluvial red-beds of the 
Signal Hill Group of Newfoundland, suggest a 
similar biota does exist in shallow water settings 
there (Matthews Unpublished Masters Thesis, 

2011). This implies that the original depositional 
environment may be the primary factor in 
explaining the very different biota observed in the 
Long Mynd. 

As for specific controls, salinity, water depth, 
temperature, sedimentation rate, and nutrient 
supply could all be significant variables, and 
palaeo-latitude remains an intriguing factor in this 
debate (cf. Brasier, 1995). All discoidal fossils in 
both regions seem to disappear once coarse-
grained fluvial channel deposits begin to dominate 
(for example in the Portway Formation of the 
Long Mynd, and the upper Ferryland Head 
Formation in Newfoundland), again suggesting 
that the organisms represented by the fossils were 
restricted to specific aqueous environments. 

Production of similar range charts for the 
shallow-water Newfoundland successions will be 
very revealing. Further constraining the 
sedimentological contexts of these units, and their 
stratigraphic ages, would also be beneficial in 
order to put these finds into a broader Ediacaran 
context. A doctoral project at Oxford is currently 
investigating this problem (see also Matthews 
Unpublished Master’s Thesis 2011). Correlation 
with the Radnor and Llangynog Inliers of the 
western U.K. (see Carney, 2000) could likewise be 
informative. Llangynog in particular contains a 
fossil assemblage dominated by discoidal forms 
(Cope and Bevins, 1993), though those Welsh 
specimens constitute different taxa to those found 
on the Long Mynd. 

The substantially higher taxonomic diversity 
exhibited in Newfoundland (compared to the 
U.K.) is possibly a function of a larger area of 
accessible outcrop, with more bedding planes 
available for study, combined with a historical 
sampling bias due to the greater number of 
researchers working on the Newfoundland 
successions. Further study is necessary to confirm 
this, since the possibility that the depleted 
palaeobiological diversity observed in the U.K. is 
real would be of great significance. 

The areas in most need of future 
palaeobiological study within in the Long Mynd 
are the younger, coarse-grained fluvial deposits on 
the western flanks of the hills (which have never 
previously yielded reports of fossils), and the 
levels beneath the Burway Formation that sample 
deeper water depositional environments. This latter 
option would take us into facies where we could 
potentially see evidence for frondose rangeomorph 
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macro-organisms, but the units suffer from three 
significant problems. Firstly, the rocks beneath the 
Burway Formation outcrop very sparsely, with the 
town of Church Stretton directly above the most 
lithologically interesting formations. Secondly, 
where they do outcrop, cleavage induced by 
tectonic activity obscures most bedding plane 
faces, making fossil observations difficult. And 
finally, the Church Stretton Fault bounds the lower 
end of the succession, preventing access to units of 
greater antiquity. 

Despite this, the discovery of microbial 
filaments and spheroids throughout the 
Longmyndian succession (Peat, 1984; Callow and 
Brasier, 2009), suggests that from a microfossil 
perspective, the Long Mynd may yet have many 
secrets to yield. Combined with discoveries being 
made as the shallow water deposits of 
Newfoundland are explored, there remains 
considerable potential for this, most historical of 
Ediacaran fossil localities, to provide further 
insights into the early stages of macroscopic 
evolution. 

CONCLUDING REMARKS 
The Ediacaran sedimentary successions of 
Shropshire are of considerable importance to 
studies of life during the Ediacaran Period, both 
from a historical perspective, and in terms of what 
they can tell us about shallow water Avalonian 
depositional environments and ecosystems. 

Extensive research into the palaeobiology, 
geochronology and sedimentology of the Long 
Mynd is now required to determine how its biota 
relates to that seen in other regions of a similar age 
and palaeogeographic position. 

While macrofossil stratigraphic ranges show 
some promise for regional correlation across 
Avalonia, more fieldwork and taxonomic study is 
required to determine whether true biostratigraphy 
can be usefully applied to the Ediacaran Period as 
a whole. It is anticipated that this first attempt at 
documenting the stratigraphic ranges of the Long 
Mynd Ediacara biota will contribute to an 
increased understanding of macroscopic biology 
and evolution prior to the Cambrian Explosion. 
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field meeting was to introduce the variety of geological features outcropping within the Stretton Valley related to 
glaciation and glacier margins. The maximum extent of the late Devensian Ice Sheet brought glaciers into the 
Church Stretton Valley which have left excellent examples of deglacial and ice sheet stagnation terrain. Current 
questions concerning the glaciation relate to its extent within the Valley and its provenance, whether from the 
north, as part of the British-Irish Ice Sheet, or locally generated from snowfields up on the Longmynd, or even 
from the west, with Welsh Ice over-riding the plateau. 

Even so, the considerable size of the Stretton Valley suggests that glacial erosion by any of the possible 
contenders alone is unlikely, and that either extensive erosion developed as a result of meltwater pouring from the 
glaciers or else river action prior to glaciation was in part responsible, possibly assisted by a much earlier 
(?Anglian) glaciation. However, the age of the V-shaped valley, although suggesting river erosion, may actually 
be much older still since Lower Palaeozoic sedimentary rocks mantle the Precambrian on the western side. 
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HISTORICAL STUDIES 
The earliest geological study of the glacial 
deposits within the Stretton Valley was 
undertaken by Edgar Cobbold, an engineer and 
Church Stretton resident more famously known 
for his detailed investigation of the Cambrian 
outcrop around Caer Caradoc and exemplary 
mapping of the Church Stretton fault zone. Two 
interesting photographs taken by Cobbold of sites 
no longer visible are available within the 
GeoScenic archive of the BGS (Figures 1 and 2) 
and the glacial studies described in volume 1 of 
his three part description of Church Stretton 
(Cobbold, 1900). 

Systematic mapping in detail of the Quaternary 
deposits of the Valley had to await the 1950s and 
the work of the British Geological Survey 
pioneered by J.E. Wright published a decade later 
in the Church Stretton Sheet Memoir (Greig et al., 
1968) and the Soil Survey of England & Wales 
surveyed by D. Mackney and C.P. Burnham 
(Mackney & Burnham, 1964; 1966). 
 

 
Figure 1: Sandy drift dipping steeply to the north-west. 
Sand-pit, west slope of Hazler, Church Stretton. [© 
Photograph from the British Geological Survey 
GeoScenic archive, photograph P237626 taken by E.S. 
Cobbold in 1898] 
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Figure 2. Small faults in drift sand covered by stony clay. 
800 yd. NE of Church Stretton Station. [© Photograph 
from the British Geological Survey GeoScenic archive, 
photograph P245847 taken by E.S. Cobbold in 1905] 
 
Academic interest was invigorated by T.H. 
Whitehead of Birmingham University, formerly a 
BGS surveyor, spurred by the excavation of a 
deep trench for the new sewage works south of 
Church Stretton from 1963 until 1965. 
Unfortunately Whitehead died too young to 
pursue these observations, but the work was 
continued by his research student Paul Rowlands 
under the supervision of Fred Shotton, the head of 
department and a respected authority on the 
glaciations of the Midlands (Rowlands & Shotton, 
1971). 

Opinions regarding the glacial evolution of the 
Valley were diverse, as indicated by the exchange 
of views expressed after the reading of Rowlands 
paper by Shotton at the Geological Society in 
1971 and published at the end of their paper: the 
Survey favouring a more widespread Devensian 
glaciation and the Birmingham school a more 
significant component of pre-glacial fluvial 
development. 

Four decades elapsed before renewed studies 
of the Devensian development of Stretton Valley, 
utilising remotely sensed imagery and digital 
elevation models as part of the BRITICE project 
(Chiverrell & Thomas, 2010). This work is 
ongoing, but promises useful correlation with 
detailed studies elsewhere (Hughes, 2008; Cook, 
2010; G.S.P. Thomas, in prep.). 

INTRODUCTION 
The field excursion on June 18th, 2011, was led by 
Simon Cook of the Centre for Glaciology at 
Aberystwyth University, meeting at the car park 
on the eastern side of Church Stretton railway 

station [SO 4560 9355]. The purpose was to 
introduce the variety of geological features 
outcropping within the Stretton Valley related to 
glaciation and glacier margins, and was conducted 
entirely on foot utilising public rights of way. 

The maximum extent of the late Devensian 
(~28 to 18 ka BP) Ice Sheet brought glaciers into 
the Church Stretton Valley which left excellent 
examples of deglacial and ice sheet stagnation 
terrain; and it experienced the coupling and 
uncoupling of two great independent ice masses 
just to the north: the Welsh Ice Cap and the Irish 
Sea Glacier (Thomas, 1989). 

Current questions concerning the glaciation 
relate to its extent within the Valley and its 
provenance, whether from the north, as part of the 
British-Irish Ice Sheet, or locally generated from 
snowfields up on the Longmynd, or even from the 
west, with Welsh Ice over-riding the plateau. 

The considerable size of the Stretton Valley 
suggests that glacial erosion by any of the 
possible contenders alone is unlikely, and that 
either extensive erosion developed as a result of 
meltwater pouring from the glacier or that river 
action prior to glaciation was in part responsible, 
possibly assisted by a much earlier (?Anglian) 
glaciation. However, the age of the V-shaped 
valley, although suggesting river erosion, may 
actually be much older still since the hillside 
corresponds with the Lower Palaeozoic 
sedimentary beds mantling the Precambrian on 
the western side, so this slope may even date back 
to the Silurian landscape (Peter Toghill, pers. 
comm.) (see also Toghill, 2011). 

LOCALITY 1: Track across open ground by 
Coles Wood [SO 4555 9285] 

The first stop was along the track constructed in 
1900 through the open fields flanked by Coles 
Wood, some 150 m south of the houses 
constructed in 1990 that had exposed glacial till 
during excavation of their foundations, including 
one clast of granite (Peter Toghill, pers. comm.). 

An essentially horizontal break in slope across 
the middle of this open ground was suggestive of 
a terrace. Small trackside exposures and sheep 
scrapes within this feature revealed fluvioglacial 
sediments containing clasts that were subrounded 
and faceted, the former suggesting water transport 
and erosion, the latter indicating scraping along 
the bed of a glacier. There was also a component 
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of local angular clasts that were likely to have 
been frost-shattered and washed down from the 
hillside above (Figure 3). 

 
Figure 3: Range of shape shown by larger clasts within 
fluvioglacial sediment trackside exposure, Coles Wood. [© 
Michael Rosenbaum, 2011] 
 
Discussion of possible origins converged on the 
concept of glacial ice marginal water creating 
localised lakes and streams within which debris 
accumulated, sluiced from the melting glacier. 
Other areas nearby show similar features, for 
example along the B4371 road between Ragleth 
and Helmeth Hills, towards Hope Bowdler [SJ 
472 927], interpreted as a meltwater channel. 

Greig et al. (1968) suggested that these gravel 
terraces owed their origin to deposition in an ice-
marginal lake which overflowed and spilled 
through the col known as Sandford Seat, carving a 
meltwater channel south-east through Hope 
Bowdler and Ticklerton. 

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

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

Instead, Rowlands and Shotton suggested 
these terraces, and hence the meltwater channel at 

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

LOCALITY 2: Southern summit of Ragleth 
Hill [SO 4510 9175] 
The next stop was at the southern end of the ridge 
forming Ragleth Hill, at the ring of Ragleth Tuff 
blocks marking the summit. From here a 
magnificent vista of the landscape of South 
Shropshire could be appreciated. 

Attention focussed on the distribution of 
hummocky terrain, a characteristic feature of 
glacial ice stagnation as blocks of ice became 
smothered by fluvioglacial sediments and left 
hollows when they eventually melted away. A 
clear example of such terrain lies NNW of the 
sewage works, SW of Little Stretton [SO 438 
915]. Discussion also included an alternative 
mode of deposition, arising from ice thrusting as 
warm ice piled up against cold ice frozen to the 
ground. The subsequent ice buckling thrusts up 
sediment from the bottom of the ice: englacial 
thrusting. This could provide valuable evidence 
for the temperature and thermal regime of the ice, 
a fundamental parameter for deducing the glacial 
dynamics. 

Comparable terrain is found in the vicinity of 
Botvyle Farm NE of Church Stretton [SO 476 
962], in a similar ice marginal setting to the 
photograph taken by Cobbold (Figure 2). 

The presence of hummocky topography in a 
deglaciated landscape could indicate ice wastage, 
or indeed the melt-out of englacial thrusts at the 
cold margin of a polythermal glacier (e.g. 
Hambrey et al., 1999).  

Similarly, other landforms (including possible 
recessional moraines and meltwater channel 
terraces) have yet to be mapped and may provide 
further clues about the nature, age and extent of 
glaciation in the region (Figures 4b and 4c). 
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(a) 

 
(b) 

 
(c) 

 
Figure 4: Geomorphological features of the Church Stretton 
valley: (a) Hummocky topography (possibly hummocky 
moraine) on the western valley side close to Little Stretton; 
(b) Bench or terrace (possibly a recessional or dump 
moraine) near to Little Stretton (photograph taken facing 
southwards down valley); (c) Possible meltwater channel 
terraces near Hope Bowdler. [Photographs by S.J. Cook] 

LOCALITY 3: Longmynd Hotel and Hopes 
Wood [SO 449 935] 
Following lunch, the group moved across to the 
western slope of the valley, behind the Longmynd 
Hotel. The lawn on the west side of the Hotel 

could be seen to be flat and horizontal, noted by 
Rowland and Shotton as being a remnant of the 
pre-glacial valley floor. 

200 m down the track (Cunnery Road) the next 
stop was by a small exposure of Stretton Shale 
within Hopes Wood [SJ 447 934], exhibiting a 
thin cover of ‘Head’ deposits of frost shattered 
shale that had migrated downslope as a result of 
periglacial hill creep. 

LOCALITY 4: The Owlets [SO 443 927] 
Following the track south out of Hopes Wood, the 
open farmland of The Owlets enabled another 
sequence of prominent terraces to be examined 
(Figure 5), as well as providing a good distant 
view of those seen at Locality 1 below Ragleth 
Wood, across the valley. 

 
Figure 5: Terraces on the eastern side of Longmynd, 
looking south towards Ashes Hollow; The Owlets. 
[Photograph by Michael Rosenbaum, 2011] 
 
The group discovered a number of exotic stones 
on the surface that could have come from the 
terrace sediments nearby, including: granite, tuff, 
and ignimbrite, all reminiscent of igneous rocks in 
the south-western part of the Lake District and 
therefore indicative of a provenance via the 
British-Irish Ice Sheet (Figure 6). 
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Figure 6: Four clasts of distant provenance from a terrace 
on the eastern side of Longmynd, The Owlets. Tuff on 
the left; ignimbrite at the back; granite on the right and at 
the front. [Photograph by Michael Rosenbaum, 2011] 
 
There are further exposures within the Stretton 
Valley that portray the impact of the Devensian 
glaciation and, although not visited on this 
particular excursion, the details of three are now 
presented in order to assist the planning of future 
visits to the area. 

LOCALITY 5: Marshbrook [SO 442 898] 
The narrow valley of Marshbrook through which 
run the A49 trunk road and mainline railway has 
long thought to have been created by the 
outpouring of large volumes of meltwater from a 
glacier lodged within the Stretton Valley. 

Sediment within the alluvium [SO 4435 8960] 
reveals many clasts that appear through shape and 
lithology to have been derived from glacial action, 
probably via fluvioglacial processes (Figure 7). 

 
Figure 7: Alluvial clasts reflecting a glacial origin, south 
of Marshbrook. Strong clast imbrication indicating 
southward flow, to the left. [Photograph by Michael 
Rosenbaum, 2011] 
 
A small tributary valley to the west, above 
Queensbatch Mill, exhibits a number of terraces 
that reveal similar sediment lithologies [SO 439 
904] (Figures 8 and 9). These may be viewed 

from the two public footpaths that pass through 
the valley. Similar well pronounced terraces may 
be seen in the kilometre-long tract to the south, for 
instance south-west of Marshbrook [SO 442 895]. 

 
Figure 8: View looking east of terraces on south-facing 
side tributary valley running west from Queensbatch 
Mill, Marshbrook. [Photograph by Michael Rosenbaum, 
2011] 
 

 
Figure 9: Clasts within terrace on south-facing tributary 
valley running west from Queensbatch Mill, 
Marshbrook. [Photograph by Michael Rosenbaum, 2011] 

LOCALITY 6: Brockhurst [SO 447 925] 
Although direct public access to Brockhurst is not 
available along rights of way, this prominent hill 
forms a distinctive feature of the valley landscape 
south of Church Stretton and is readily viewed 
from both sides of the Stretton Valley. 

There is no glacial till on Brockhurst but the 
southern flank of the hill is mantled with sands 
and gravels that the BGS surveyors in the 1950s 
believed were glacial till (Greig et al., 1968) but 
are now interpreted as fluvioglacial in origin 
(Cook, pers. comm., 2011). 

LOCALITY 7: North of Church Stretton 
[SO 443 927] 
The tract of valley floor north from Church 
Stretton and east of All Stretton exhibits an 
impressive display of hummocky ground 
characteristic of a stagnating glacier (Figure 10). 
Some of the geomorphological forms have the 
appearance of drumlins, although their presence 
would imply a more aggressive depositional 
environment beneath an advancing glacier, and 
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may thus be somewhat older than the main bulk 
of moraine to be seen.  

 
Figure 10: Hummocky ground developed on glacial 
moraine below (west of) Caer Caradoc, surrounding 
Botvyle Farm. [© Geograph photograph by Andrew 
Smith, 2010] 

CONCLUDING REMARKS 
There is still the problem of limited exposure of 
Late Quaternary sedimentary sequences in this 
part of Shropshire. Quarries and pits can be 
difficult to access, and many have closed or been 
backfilled since the early investigations of the 
area. Where sedimentary exposures can be found 
a renewed effort should be made to test previous 
interpretations of sediment origin and examine 
what these sediments tell us given advances in our 
understanding of glacial sedimentary processes 
and products since they were originally 
investigated. 

At the moment the moraines (e.g. at 
Brockhurst and Botvyle) merely tell us that a 
glacier once stood at a particular position, but we 
know very little about whether such moraines 
represent glacier advance, retreat or stillstand, for 
example. Suitable sedimentary exposures may be 
key to our ability to reconstruct the extent and 
dynamics of former ice masses in the Stretton 
Valley. Advances in technologies such as OSL 
(Optically Stimulated Luminescence) dating 
allow the potential to date fluvioglacial sediments, 
although there are complications with applying 
this particular technique (e.g. Thrasher et al., 
2009). 
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LANGFORD, J.I. (2011). Granite Millstones of Shropshire and Adjoining Counties. Proceedings of the 
Shropshire Geological Society, 16, 51–59. Granite millstones in Shropshire and adjoining counties occur in a 
region about 20 miles wide that extends from Clun in the west to Sutton Coldfield in the east. Differences in 
profile and other features suggest a large spread in age. On the other hand, their composition and texture, at least 
visually, are remarkably similar, implying a common source for the material from which they were manufactured. 
So what was their origin, when and why were they produced and where were they used?  In this survey of granite 
millstones in the West Midlands their composition and source are considered in some detail and the other points 
are discussed briefly. 
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INTRODUCTION 
An unusual feature of several mills in the West 
Midlands was the occasional use of granite 
millstones. So far 22 have been recorded at 17 
sites (Table 1 and Figure 1), though not all are 
complete. 18 of them, mostly in Shropshire, occur 
in a region about 20 miles wide that extends from 
Clun in the west to Sutton Coldfield in the east. 
Of the remainder, one is at Beanhall Mill (2), near 
Feckenham, one is at Much Cowarne Mill (14), 8 
miles northeast of Hereford, and there are a 
couple at Standon Mill (19 and 20), 10 miles 
northwest of Stafford. A detailed account of the 
millstones is given by Langford (2011) and three 
representative examples are displayed at Daniel’s 
Mill, near Bridgnorth (Plate 1). 

Differences in profile and other features 
suggest a large spread in age. On the other hand, 
their composition and texture, at least visually, are 
remarkably similar, implying a common source 
for the material from which they were 
manufactured. So what was their origin, when and 
why were they produced and where were they 
used?  In this survey of granite millstones in the 
West Midlands their composition and source are 
considered in some detail and the other points are 
discussed briefly. 

POSSIBLE SOURCES OF GRANITE 
The West Midlands is not the only region of the 
British Isles where granite millstones are to be 
found. There was a thriving industry based on 
Dartmoor, notably around Brent Moor and 

Shaugh, from the late Middle Ages until at least 
the 16th century (Fox, 1994) and there is a granite 
millstone in the Creetown Heritage Museum in 
Dumfries and Galloway. There are vast tracts of 
granitic rocks in Devon and Cornwall and in 
southern Scotland, but they do not outcrop 
anywhere in or near the West Midlands. There are 
granite quarries around Mount Sorrel in 
Leicestershire, a main source of setts for street 
paving in the Midlands and elsewhere during the 
19th and early 20th centuries, and the rock is found 
in Anglesey and neighbouring Caernarfon. The 
nearest occurrence to the south is Dartmoor and to 
the north is the Lake District. Granite for the 
Midland millstones was therefore not quarried 
locally, but had been transported over a 
considerable distance. 

The Manchester Museum has a large and 
comprehensive collection of granites and related 
rocks from localities throughout the British Isles 
and elsewhere and the first stage in tracking down 
the origin of the Midland stones was a visual 
comparison of small samples from the millstones 
with the museum specimens. Significantly, the 
only British granites indistinguishable from the 
Midland material were from a quarry near 
Creetown and from Princetown Quarry on 
Dartmoor. 

The Dartmoor millstones were produced from 
‘clitter’ or ‘moorstone’ – loose blocks of granite 
split by the action of frost and weathering from 
the tors that dominate the moor. The stones were 
used in monastic and manorial mills and were 
transported up to 20 miles from the moor, the cost 
of shipment sometimes being greater than that of 
manufacture (Fox, 1994). Dartmoor is thus an 
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unlikely source for the Midland stones, since 
shipment would have entailed a long and 
expensive journey by sea via Land’s End and the 
Severn estuary. Aside from that, no granite stones 
have been reported for the intervening counties. 

X-RAY POWDER DIFFRACTION DATA 
The principal method for identifying small 
quantities of crystalline material is by means of 
X-ray powder diffraction (XRPD), whereby a 
small powder sample is placed in an X-ray beam. 
The beam scattered by the sample is unique; no 
two substances have the same diffraction pattern 
and, by comparison with standard data in the 
Powder Diffraction File (PDF), produced by the 
International Centre for Diffraction Data, minerals 
present in a rock sample, for example, can be 
ascertained. 

XRPD data were obtained for samples from 
three Shropshire millstones, Aston Rogers (1), 
Cooper’s Mill in the Wyre Forest (6), and 
Ratlinghope (18), and compared with those from 
the Dartmoor specimen (M1378) and the one 
from Creetown (M2633) in the Manchester 
Museum. The specimens were milled at 600 rpm 
for 15 minutes and back-loaded into aluminium 
sample holders to obtain flat samples. Diffraction 
data were obtained with CuKα X-rays (0.15406 
nm wavelength) by scanning over the range 5 to 
100 º(2θ) in steps of 0.05 º(2θ), with a counting 
time of 25 sec/step. 

The resulting diffraction patterns contained 
over 100 peaks (reflections) and part of the 
patterns for the Shropshire and Dartmoor samples 
are shown in Figure 2. Identification of the 
minerals present is based on a list of the positions 
and intensities of reflections by a procedure 
known as search/match; an automatic search is 
made of entries in the PDF, in this case a subset of 
several thousand mineral datasets, and a list of 
matches is produced, ranked according to the 
quality of fit. By means of this procedure, the 
main minerals in all samples were confirmed as 
quartz (Q), alkali feldspar (A), plagioclase 
feldspar (P) and biotite (‘black’) mica. These 
minerals and an indication of the texture can be 
seen in Plate 2, a fragment of a millstone found in 
the garden at Newhall Mill, Sutton Coldfield, 
(16). The other stones are similar, though due to 
the effects of weathering the minerals are often 
less obvious. 

Diffraction patterns are almost identical for the 
three Shropshire samples (Figure 2), again 
inferring that the material could have come from 
the same source, but there are small differences 
with the Dartmoor data, e.g. around 12.5 º and 34 º. 
Mineral identification indicated that in all samples 
the alkali feldspar is microcline, the plagioclase is 
an ordered albite, possibly calcian, and the mica is 
biotite 2M1. This is demonstrated in Figure 3 for 
the Dartmoor data, where the PDF data are plotted 
as lines at appropriate angles and of length 
proportional to the intensity (a) and superimposed 
on the diffraction pattern (b). In addition, there is 
a small quantity, in the range 0.5% for 18 to 1.7% 
for 6, of kaolinite, due to the partial breakdown of 
feldspar into china clay. Kaolination is evident in 
the Creetown data, but not in those from 
Dartmoor. 

Rocks containing quartz can be characterised 
by means of the QAP diagram (Figure 4), a 
simplified version of a classification system for all 
plutonic rocks. QAP values can be obtained from 
the relative areas of non-overlapping reflections 
from quartz, microcline and albite in the 
diffraction pattern. These are listed in Table 2 for 
the three Shropshire stones and, from Figure 4, 
are within the range for true granite. The quartz 
content is about the same for all three samples 
and, at about 50%, is relatively high. The 
difference between the relative feldspar content of 
18 and the other samples may be significant. 
Reliable QAP values from X-ray data depend on 
the sample being a completely random powder 
and this can be achieved by careful preparation. 
However, any tendency for feldspar grains to 
orient preferentially will introduce an error. 

OPTICAL MICROSCOPY 
Although the evidence from XRPD data infers 
that southern Scotland is the source of the granite, 
Dartmoor cannot be ruled out with absolute 
certainty. Thin sections for optical microscopy 
were therefore made for 6 (Cooper’s Mill) and 18 
(Ratlinghope), for which there was sufficient 
material, and the two museum specimens. A 
polarizing microscope revealed the following 
features for the main minerals: 
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Quartz 
The quartz crystals in 6, 18 and M2633 
(Creetown) have high to moderate relief with 
poorly defined (anhedral) edges (e.g. Plate 3). 
Some crystals exhibit intergrowth (myrmekite) 
textures. There are also some granoblastic grain 
boundaries, indicating low grade metamorphism 
[granoblastic: Descriptive of the texture of 
igneous rocks. Grains are visible to the eye, often 
have sutured boundaries and are approximately 
equidimensional. The grain boundaries intersect 
at 120º triple junctions under ideal conditions]. 

The quartz in M1378 (Dartmoor) is quite 
different. Here it displays undulose extinction, a 
feature not observed for the other samples 
[undulose extinction: Grains appear black (no 
light transmitted) with cross-polarised light as the 
specimen stage is rotated.]. 

Microcline 
Optical data confirm that microcline is the 
dominant alkali feldspar in all four samples. In 6 
the microcline is highly broken down to clay 
mineralization and there is distinct cross-hatching 
under polarized light for 18 (Plate 4). 

Albite 
Low relief, single cleavage and lamellar twinning 
in both 6 and 18. 

Mica 
In all samples the mica is mainly biotite, 
somewhat altered to chlorite in 6 (Plate 5) and 18. 
The mica in the Dartmoor sample has small 
embedded zircon crystals, each surrounded by a 
pleochroic halo, a spherical region in which there 
is a change of colour (Plate 6). This is caused by 
radiation damage from radioactive decay of 
zircon, a common feature of the granite that 
outcrops in Devon and Cornwall. The effect is not 
present in M2633 and it does not occur in the 
Shropshire samples. 

The lack of radiation damage in mica, plus the 
different nature of quartz grains, rules out 
Dartmoor as a source of rock for the granite 
stones. The partial breakdown of microcline to 
clay mineralisation in 6 is also evident from the 
larger kaolin content obtained from X-ray data for 

this specimen and is probably the reason for the 
Cooper’s Mill stone having broken into several 
pieces. Otherwise, optical data indicate that the 
mineralogy of 6 and 18 is similar. 

TRANSPORTATION 
It is clear, therefore, that granite for the West 
Midland millstones came from southern Scotland, 
the region now known as Dumfries and 
Galloway. The rock at Creetown is part of an 
extensive area of granite centred on Mount 
Criffel. Glaciers plucked an immeasurable 
quantity of rock from the mountains in this region 
and conveyed it southwards. When climatic 
warming caused the glaciers to melt and retreat, 
the boulders they carried were deposited as 
‘glacial erratics’ in the Midlands. This was not the 
only ice to reach the area during the last glacial 
epoch; glaciers from Wales and the Lake District 
contributed to the variety of rock types found 
there, from huge boulders to tiny pebbles, but no 
granite. 

A systematic survey of the glacial material that 
litters the Midland landscape was carried out by 
Macintosh (1879). He identified the erratic 
boulders as Criffel granite and rock from the Lake 
District, transported by what is termed the Irish 
Sea ice, since it traversed that sea, and also from 
the region around Arenig Fawr in mid-Wales. He 
also noted the approximate southern limit of the 
boulders. Building on the work of Macintosh, 
Martin (1888; 1890) recorded several hundreds of 
glacial erratics from Much Wenlock to Sutton 
Coldfield and from Stafford to Bromsgrove, 
grouping them as: (a) Mount Criffel and south 
Scotland, (b) the Lake District, (c) Mount Arenig 
and North Wales, and (d) local rocks. 

Figure 5, part of the record of his remarkable 
survey, shows how prolific erratics are throughout 
the region. In addition to the locality of each 
boulder, Martin gives its dimensions and 
describes the rock type; he identified about 350 of 
them as granite, usually grey, of ‘Criffel type’. 
From the work of these early geologists and 
others, notably Wills (1948), the southern limit of 
the Scottish and Lake District boulders was 
shown to be more-or-less scattered along a line 
from Church Stretton through Wolverhampton to 
Burton-on-Trent, known as the ‘Wolverhampton 
Line’ (Figure 1). It has been demonstrated that the 
southernmost advance of the Irish Sea Glacier to 
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what is now the Midlands occurred about 25,000 
years ago (Shotton, 1967). 

The majority of the Midland granite millstones 
are within a few miles of the Wolverhampton 
Line and were clearly derived from boulders 
transported from southern Scotland. Robert Plott 
(1686) recorded that ‘some [millstones] are made 
out of great loose stones, and others dug out of 
Quarries. Of the former there have many been 
made out of great round pebbles found on Braden 
Heath between Sherriff Hales and Blymhill, and 
so there has at Seasdon [Seisdon], where on the 
Heath there lye some pebbles so vastly great, that 
as I was told, there have 3 Mill-stones been made 
out of one of them. These Mill-stones out of 
pebbles they use for grinding wheat and some 
think them not short of Colen [Cullin or Cologne] 
stones’. Plott does not specify the nature of the 
‘loose stones’, but they must have been granite 
boulders; no other Midland erratics were suitable 
for milling. 

Millstones were not the only commodity 
manufactured from granite erratics; a fairly 
plentiful source of such a hard rock would have 
been used for other purposes. For example, two 
granite grindstones are set into the wall at the 
entrance to Seisdon mill (19). It is therefore not 
surprising that large granite boulders have not 
survived. There are, however, examples of other 
immense glacial erratics in the Midlands; for 
example, there is an Arenig boulder weighing 
several tons outside the East Building of the 
School of Physics at the University of 
Birmingham. Smaller granite boulders are 
abundant throughout the region, though they have 
often been moved to the edges of fields or the 
sides of roads. There is a good example of one in 
situ in the grounds of the National Trust’s 
Dudmaston Hall, to the left of the path through a 
wood towards the Severn [GRID SO 747 885]. 
One of the more westerly granite erratics is by the 
side of the road at Plush Hill, on the eastern slopes 
of the Long Mynd [SO 451 964]. 

Although granite millstones were derived from 
glacial boulders, it should be borne in mind that 
more recent stones could have been purchased 
from mill furnishers, since they were available 
commercially in the latter part of the 19th century. 
For example, J. Hughes & Sons of London 
advertised granite, peak and Cologne stones in 
The Miller (1880) and Peter Reid of Glasgow 
offered French burr, Kaimhill, Derby Peak, 

granite and Whin millstones (The Miller, 1881). 
The latter almost certainly sourced his granite 
from the Creetown/Criffel area and Hughes may 
have done so. From the 1700s onwards 
considerable quantities of granite were shipped 
from quarries around Creetown. Many of the 
country’s major docks were constructed from it, 
as was the Thames Embankment in London. 

AGE OF GRANITE MILLSTONES 
Earlier millstones tended to have a smaller 
diameter (4 feet or less) than later ones. To give 
added weight, the back surface of runner stones 
was therefore significantly rounded, whereas later 
stones usually had parallel surfaces. The 
arrangement of ridges and furrows (the dressing) 
evolved over the years. For mediaeval stones it 
was somewhat crude and had no particular pattern 
(Plate 7), though the direction of the leading 
(master) furrows was usually more-or-less 
contained within the central hole (the eye). Then 
around the middle of the 18th century it was 
realised that a systematic approach to dressing 
greatly increased the efficiency of milling. This 
was achieved by advancing the furrows in the 
direction of rotation. 

Another development was type of support for 
the runner stone (the rynd). Curved rynds were 
favoured in the 17th century, whereas straight 
rynds are likely to date from the 18th century. 
Mortises for both types can be seen Plate 1. 
Another diagnostic is the furrow profile; this was 
a simple ‘U’ or ‘V’ section for earlier stones, but 
an asymmetric ‘V’ later became standard (Plate 
2), and the quality of dressing improved (cf. Plates 
1 and 7). Aside from the early Ratlinghope stone, 
the granite millstones mostly appear to date from 
the 17th century, as noted by Plott (1686), and the 
18th century. Further information on the 
approximate dating of the millstones, or at least 
their final dressing, is given by Langford (2011). 

WHY USE GRANITE? 
Before Peak (Derbyshire) stones became widely 
available with the growth of the railway network, 
the preferred monolithic millstones in the area, at 
least within reach of the Severn, were often from 
quarries at Penallt, about 2 miles south of 
Monmouth. These ‘Welsh stones’ are a coarse 
quartz conglomerate or ‘pudding stone’ from Old 
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Red Sandstone strata that was quarried 
extensively high above the river Wye from the 
14th to the 19th centuries (Tucker, 1971; Ward, 
1990). In order to reach the West Midlands, they 
were conveyed down the Wye and then up the 
Severn in shallow-draught sailing barges called 
‘trows’. It is therefore not surprising that locally 
available granite boulders were used where 
practicable, though Penallt stones may have been 
somewhat superior; granite stones would tend to 
become highly polished, needing to be re-dressed 
more frequently, but they had the advantage of 
minimal transport costs. In view of the evident 
spread in age of granite stones and the small 
number that have survived, compared with other 
millstones, it is unlikely that their manufacture 
was ever a major industry. 

CONCLUSIONS 
From a visual examination, granite millstones in 
the West Midlands have a similar composition 
and texture and the rock from which they were 
manufactured evidently came from the same 
region. A comparison with granites from known 
localities in the British Isles showed that this 
source was either Dartmoor or the area around 
Creetown and Mount Criffel in Dumfries and 
Galloway. X-ray powder diffraction data and 
optical microscopy for samples from 1, 6 and 18 
confirmed that the latter was origin of the granite. 
These data also demonstrated that the stones are 
true granite, according to the standard definition 
of this rock type. Most, if not all, the stones were 
manufactured from glacial boulders (erratics) 
transported by ice from south Scotland and 
deposited in the Midlands when the Irish Sea 
Glacier retreated. Nevertheless, the relative 
uniformity of composition and texture of the 
millstones is somewhat surprising, in view of the 
variety of granitic rocks that occur in Dumfries 
and Galloway. 

So far 22 granite millstones have been found in 
the West Midlands and there may well be others, 
but they could hardly have been manufactured on 
an industrial scale. It seems likely that they were 
made by opportunist stonemasons, along with 
other items, such as grindstones, the quantity 
being dictated by the availability of suitable 
boulders. 
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Figure 1. Granite millstones in the West Midlands (Table 1).  
‘- - - -’ indicates approximate maximum extent of Irish Sea 
ice (after Wills, 1948). 
 

 
Figure 2. Part of X-ray powder diffraction patterns for Aston 
Rogers (1), Cooper’s Mill (6) and Ratlinghope (18) samples 
and Dartmoor specimen, CuKα X-rays (0.15406 nm 
wavelength). Arrows indicate the strongest reflection from 
kaolinite for the Shropshire samples. 
 

 
Figure 3. Mineral identification for Dartmoor specimen 
(M1378). (a) Plot of standard data from Powder Diffraction 
File for main minerals. (b) Match between experimental and 
standard data. 
 

 
Figure 4. Quartz/Alkali feldspar/Plagioclase feldspar (QAP) 
diagram for rocks containing free quartz, showing position 
of Shropshire samples 1, 6 and 18 (Table 2).  1 quartz-rich 
granitoid, 2 alkali-feldspar granite, 3 granite, 4 granodiorite, 
5 tonalite, 6 alkali-feldspar syenite, 7 syenite, 8 monzonite, 9 
monzodiorite, 10 diorite/gabbro/anorthosite. 
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Figure 5. Part of Martin’s survey of glacial boulders in the 
Midlands (Martin, 1890).  + Boulders from Mount Criffel 
and south Scotland.  o Boulders from the English Lake 
District. 
 

 
Plate 1. Old millstones at Daniel’s Mill, Bridgnorth. From 
the left: (a) 25 in. (0.64 m) granite runner stone with straight 
(cruciform) rynd mortise (7); (b) 41 in. (1.04 m) dia. granite 
runner with curved rynd mortise (8); (c) local sandstone with 
mortises for wooden and iron rynds, possibly from Hexton’s 
Quarry, near Upper Arley; (d) 42 in. (1.07 m) granite 
bedstone (9) for use with (8). 
 

 
Plate 2. Fragment of granite millstone (16) found at New 
Hall Mill, Sutton Coldfield, showing minerals and texture. 
White regions are feldspars, whereas quartz is colourless, 
and the black areas are mica. Note asymmetric furrow cross-
section. 
 

 
Plate 3. Thin section from Ratlinghope millstone (18) 
showing anhedral quartz grains similar to 6 (Cooper’s Mill) 
and M2633 (Creetown). 
 

 
Plate 4. Microcline in 18, showing cross-hatching. 
 

 
Plate 5. Cooper’s Mill (6), showing partial breakdown of 
biotite (brown) to chlorite. 
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Plate 6. Dartmoor sample (M1378), with circular pleochroic 
halos in biotite (brown) from the radioactive decay of small 
zircon crystals. 
 

 
Plate 7. Dressed surface of Ratlinghope stone (18). Note 
widely-spaced symmetrical-section furrows with ill-defined 
pattern, indicative of an early age for this millstone. Probably 
from the late mediaeval period. 
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Table 1.  Granite millstones in the West Midlands. 
 

 
 
Table 2.  Quartz (Q), alkali feldspar (A) and plagioclase (P) content (percentage). 

 
Millstone 

No. 
Locality Q A P 

1 Aston Rogers Mill 53 13 34 
6 Cooper’s Mill (Wyre Forest) 49 14 37 

18 Ratlinghope Mill 50 9 41 
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Conference Report: Siluria Revisited, 10th to 15th July 2011 
 

Michael Rosenbaum1 and David Ray2 
 

 
ROSENBAUM, M.S. & RAY, D.C. (2011). Conference Report: Siluria Revisited, 10th to 15th July 2011. 
Proceedings of the Shropshire Geological Society, 16, 60–62. The purpose of this conference for the International 
Subcommission on Silurian Stratigraphy was to facilitate presentations of recent research concerning the Silurian 
System. The Silurian has recently been the focus of a considerable amount of research interest encompassing 
climate change, extinction and radiation events, isotope excursions, hydrocarbon source rock generation and much 
more, all of which need to be underpinned by detailed stratigraphical, sedimentological, geochemical and 
palaeontological studies and accurate radiometric dating. The field trips were intended to enable a new generation 
of workers on the Silurian System to visit the GSSPs for those series and stage boundaries that occur in Wales and 
the Welsh Borders and to visit other sites that have been the subject of recent published and unpublished study. 
 
1Ludlow, Shropshire. E-mail: msr@waitrose.com 
2Neftex Petroleum Consultants Ltd, Abingdon. E-mail: daveray01@yahoo.com 

 

BACKGROUND 
Siluria Revisited was the title of the 2011 meeting 
of the International Subcommission on Silurian 
Stratigraphy, based in Ludlow 10-15 July 2011. 
The Silurian System continues to be the focus of 
considerable research interest, ranging from 
applied hydrocarbon exploration work to studies 
of palaeoclimates, sea-level change, isotopic 
excursions and extinctions. All of these depend 
upon high resolution biostratigraphical studies 
(Loydell, 2011). 

The associated field trips were intended to 
enable a new generation of workers on the 
Silurian System to visit the GSSPs for those series 
and stage boundaries that occur in Wales and the 
Welsh Borders and to visit other sites that have 
been the subject of recent published and 
unpublished study (Ray, 2011 and available 
online). 

CONTEXT 
The main aim of the International Subcommission 
on Silurian Stratigraphy is to set global standards 
for the fundamental scale for expressing the 
history of the Earth. This is done by precisely 
defining global units (systems, series, and stages) 
of the International Chronostratigraphic Chart 
that, in turn, are the basis for the units (periods, 
epochs, and age) of the International Geologic 
Time Scale. 

 

These objectives are set out on the 
Commissions web site: 
     http://www.stratigraphy.org/index.php?id=GSSPs 

 
The main tool by which this is achieved utilises 
the concept of a Global Boundary Stratotype 
Section and Point (GSSP), otherwise known as a 
“Golden Spike”: a point in the ground that defines 
the base of each stage. Within the Silurian there 
are 8 stages, 6 of which are defined in Wales and 
the Welsh Borders, as shown on the International 
Stratigraphic Chart (which can be downloaded at: 
http://www.stratigraphy.org/upload/StratChart201
0.jpg). The primary web site listing the details is 
at: 
https://engineering.purdue.edu/Stratigraphy/gssp/i
ndex.php?parentid=77 
 
Each Silurian GSSP in the region was visited 
during this meeting, discussing the way each had 
been defined and outlining the issues concerning 
their suitability. Site details are contained within 
the field guide (Ray, 2011). 

PRESENTATIONS 
The conference included two days of 
presentations which covered a wide range of 
topics describing recent research concerning the 
Silurian. The majority of the 65 delegates, from 
20 different countries, were involved with at least 
one presentation. Although time for each was 
short, full scientific papers are to be published 
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later in 2011, in a special volume of the Bulletin 
of Geosciences (http://www.geology.cz/bulletin). 

Few of the 44 presentations dealt explicitly 
with Shropshire, although one of the authors 
(MSR) delivered a talk on the final evening in St 
Laurence’s, the parish church for Ludlow, entitled 
“Siluria: the lost ocean of the Marches”, aimed at 
the residents of Ludlow and helping to explain 
why delegates from all across the world had come 
to the town to consider rocks of Silurian age. 

Of the scientific presentations, the following 
had the greatest direct relevance to Shropshire and 
its surroundings: 

• L. Robin M. Cocks and Trond H. Torsvik: 
Global Global Silurian palaeogeography: 
answers and questions. Although this paper 
concentrated on Asia, the same authors have 
undertaken considerable research concerning 
the position and movement of the Welsh 
Borders since the Silurian. 

• Bradley D. Cramer, Daniel J. Condon, Ulf 
Söderlund, Carly Marshall, Mikael Calner, 
David C. Ray, Lennart Jeppsson, Alan T. 
Thomas, Graham J. Worton, Ian Boomer and 
P. Jonathan Pratchett: Extinctions, excursions, 
events and epiboles (or was that hyperbole?). 
An overview of the relationship between the 
chemical and biological histories of the Earth. 
Concluded that it is where an excursion 
begins, not where it peaks, that corresponds to 
the onset of environmental change and 
associated extinction events. 

• Jeremy R. Davies, Richard A. Waters, Jan A. 
Zalasiewicz, Stewart G. Molyneux, Thijs R. 
A. Vandenbroucke, Jacques Verniers and 
Mark Williams: The Telychian stratotype – a 
critique. Describing the location of the GSSP 
on a huge submarine landslide, hitherto 
unrecognised, revealed by recent geological 
mapping by the BGS near Llandovery. 

• Peep Männik and Richard J. Aldridge: 
Conodonts from the type section of the 
Llandovery/Wenlock boundary. Describing 
the type section at Hughley Brook close to 
Leasows Farm. Although the conodonts 
confirm the correlation with these fossils 
elsewhere, the sedimentation appears to have 
been discontinuous and the section is 
disturbed by faulting, leading to gaps in the 
succession. 

• Keith Nicholls: The Ordovician/Silurian 
boundary in Wales: a geoconservation 
perspective. Highlighted problems for 
protection and conservation of 
stratigraphically important sites, focussing on 
Cwm Hirnant near Bala, at the end of the 
Ordovician when there was a eustatic fall in 
sea level associated with the Hirnantian 
Glacial Episode (and widespread extinction). 

• David C. Ray: Wenlock bentonites from the 
Midland Platform, England: geochemistry, 
sources and correlation. Volcanic ashes 
analysed for their Rare Earth Elements to 
facilitate correlation with flooding events 
linked to a regional sequence stratigraphy that 
has considerably refined and improved the 
means of correlation across the Wales and the 
Welsh Borders and into the West Midlands, 
and across the North Sea to the Baltic. 

• Mike P.A. Howe: Silurian graptolites from the 
subsurface of southern Britain – their 
biostratigraphical and wider significance. A 
re-evaluation of the material from three deep 
boreholes into the Silurian across southern 
England. 

• Steve Kershaw: Silurian stromatoporoid 
palaeoecology and its applications. These 
calcified sponges record environmental 
conditions and are thus important indicators. 
The current work is focussing on forms 
associated with the sedimentary rocks of 
Wenlock tied into the newly developing high 
resolution stratigraphy reported by David Ray 
(above). 

FUTURE DEVELOPMENTS 
The relevance of Silurian studies to contemporary 
issues is brought into focus by the similarity of 
environments to those experienced at the present 
day, with unstable climatic conditions but without 
the influence of higher terrestrial life forms. 

Known as The Early to Middle Palaeozoic 
Revolution, International Geoscience Programme 
(IGCP) Project 591 has the aim of bridging the 
gap between the Great Ordovician 
Biodiversification Event and the Devonian 
Terrestrial Revolution. IGCP 591 already has a 
web site, which also provides a location for 
conference publications and research notices: 
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     http://www.igcp591.org/index.php 
 

To quote from this Project’s summary on their 
web site: “This Early Ordovician to Early 
Devonian interval contains several of the most 
significant palaeoclimate and palaeobiological 
events in Earth history including 
paleobiodiversity events and/or perturbations to 
the global carbon cycle associated with the Great 
Ordovician Biodiversification Event (GOBE), 
near the base of the Katian, Ordovician-Silurian 
boundary, Llandovery-Wenlock boundary, 
middle Homerian, middle Ludfordian, and 
Silurian-Devonian boundary, among others. 

This interval of Earth history also contains the 
acme and amelioration of the Early Palaeozoic Ice 
Age, which provides an important historical 
analogue for researchers of modern climate 
change. Additionally, this interval contains the 
roots of the invasion of life onto land. 

The Earth did not go quietly into the Middle 
Palaeozoic and the primary research objective of 
IGCP 591 is to investigate this dynamic and 
important interval in the history and evolution of 
life and our planet. 

IGCP 591 is designed to allow the Early to 
Middle Palaeozoic global community an 
opportunity to build on the momentum gained by 
the highly successful IGCP projects 410 and 503 
by providing a regular venue in which to continue 
their research and dialogue so effectively begun 
during those projects. This project commenced 
with the 2011 Field Meetings of the International 
Subcommissions on Ordovician and Silurian 
Stratigraphy in Madrid, Spain, and Ludlow, 
England, respectively. 
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