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Ten years of geology in Shropshire 
 

Peter Toghill
1
 

 
 

TOGHILL, P. (1990). Ten years of geology in Shropshire. Proceedings of the Shropshire Geological Society, 9, 

1–3. Summary of a talk to mark ten years of the Shropshire Geological Society's existence, by describing how the 

Society had been formed in the late seventies. 

 
1
affiliation: one of the Society’s founders and Vice-President, in October 1989 

 

ORIGINS 

The talk began by describing how the Society had 

been formed in the late seventies. Interest in the 

subject generated by extramural classes which the 

author had run in Shrewsbury led to a field work 

project in the Shelve area funded by the NCC and 

subsequently to the idea of a Geological Society. 

 The first field meeting was held in the summer 

of 1979 with an inaugural meeting in September of 

that year. The author mentioned several very active 

founder members and showed slides of early field 

meetings; in particular a slide of a meeting at the 

Ludlow Anticline with John Norton who had 

become Honorary Curator for the Society. Dr 

Toghill paid tribute to John's work and expressed 

the Society's pleasure to learn that he was making 

a steady recovery after his recent heart attack. 

GEOLOGICAL UNDERSTANDING 

Turning to consider changes in the understanding 

of geology in the County over the last ten years, 

the author first discussed the stratigraphical 

boundary between the Precambrian and Cambrian, 

especially as shown in the Wrekin-Ercall Quarry. 

His slides showed Ercall Granophyre intruded into 

Uriconian Volcanics with both being overlain 

unconformably by the Wrekin Quartzite. The 

quartzite is Cambrian and includes acritarchs and 

other microfossils. As a result of detailed work on 

stratigraphical measurements, thin sections and 

absolute dating techniques, a consensus of opinion 

considers that the boundary is unconformable, 

even though there are few pebbles of the 

granophyre in the quartzite. Absolute dating on the 

volcanics and on the granophyre give 558 ± 16 Ma 

and 533 ± 13 Ma respectively. 

As the base of the Cambrian is usually taken to 

be 570 Ma this places all these rocks in the 

Cambrian. However the volcanics and granophyre 

have hitherto always been considered to be 

Precambrian. Thus three options are available: 

 

1. The absolute dates are wrong. This is not 

inconceivable as there are still problems 

with absolute dating. 

2. The dates are right and there was igneous 

and volcanic activity in the Cambrian. This 

is a novel approach but there is no intrinsic 

reason why it should not be correct. 

3. The base of the Cambrian should be moved 

to a younger date e.g. about 550 Ma. 

 

This is an unresolved problem with Shropshire 

holding one of the key sites for its solution. The 

author favoured the third option. 

He then brought attention to a second topic: 

work being done on the absolute dating of 

Ordovician and Silurian sediments through the 

study of “bentonites”. These fossil ash bands 

contain minerals which are useful for radiometric 

dating and work on zircon in particular is 

promising. As the type sections for some of the 

Silurian series are in Shropshire it is important to 

be able to fix an absolute date on them. 

The author’s third topic for consideration was 

the recent work which has been done on the 

Church Stretton Fault and Pontesford-Linley Fault. 

It is now considered that these major fault zones 

have probably been the site of tens of kilometres of 

lateral movement as well as some vertical 

movement. The latter is shown by the presence of 

Silurian sediments in the Church Stretton Valley. 

The Precambrian Longmynd sedimentary 

sequence could be an exotic terrane separated, 

laterally, from any similar type of sequence. This 

terrane concept could also apply to parts of the 

Shelve Ordovician sequence. The Pontesford-

Linley is considered to be more significant than the 

Church Stretton Fault and is described as a 
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lineament by Dr. Nigel Woodcock, who has 

recognised it in many places as a disturbance in 

sedimentary sequence or a change in facies rather 

than as a fault. 

The author then considered a 

palaeogeographical topic: namely the Iapetus 

Ocean which has had a huge amount of work done 

in the 1980s. 

It is accepted that Iapetus existed in the 

Ordovician and Silurian but when did it form? 

There are suggestions that in the late Precambrian 

it was formed by the splitting apart of the Baltic 

area from Scotland and Northern Ireland. The 

Durness Limestone was formed under tropical 

conditions in Cambrian times when England and 

Wales are thought to have been near Antarctica, 

attached to Gondwana. 

In Tremadoc (latest Cambrian) times 

Gondwanaland is thought to have moved 

northwards towards Baltica. In early Ordovician 

(Arenig) times the Rheic Ocean opened and 

separated England & Wales, and S.E. 

Newfoundland from Gondwanaland. This 

landmass is known as Avalonia and, as a small 

micro continent, moved northwards during the 

Ordovician towards Baltica; thus Iapetus slowly 

closed. 

At the end of the Ordovician Avalonia collided 

with Baltica and the whole landmass moved 

northwards towards Laurentia causing the Iapetus 

Ocean to come quite narrow ─ perhaps like the 

Mediterranean today ─ by Silurian times. 

The climax of the Caledonian orogeny has been 

considered to be an end-Silurian event which is 

true in Scotland but not in southern Britain, e.g. 

Shropshire. On the southern side of the ocean the 

closing of Iapetus caused considerable volcanicity 

but little folding during the early and middle 

Ordovician. In Shropshire there was no folding 

until the end of the Ordovician when the 

Taconican orogeny formed the Shelve Anticline 

and Rytton Castle Syncline; late Ordovician rocks 

are absent. In Shropshire this is the most important 

period of earth movement between the Cambrian 

and Devonian. The Taconian orogeny in fact refers 

to a North American event which occurred the 

other side of the major ocean of the Iapetus. The 

author suggests that these Shropshire movements 

be called the Shelveian orogeny, occurring in 

Ashgill times. Folding was accompanied by late 

stage intrusions such as the Corndon dolerite, 

Squilver dolerite, and intrusions in Shelve and 

Breiddens. This Shelvian orogeny caused a major 

unconformity at the base of the Silurian in 

Shropshire, with considerable erosion before the 

deposition of the Llandovery sediments which 

overlie the Ordovician, Cambrian and Precambrian 

rocks. There was no tectonic event at the end of 

the Silurian in Shropshire - in fact no break in 

Shropshire sediments until the end of the lower 

Devonian, which was caused by suturing of 

Avalonia and Baltica with Laurentia. 

There were faunal breaks ─ discordance ─ but 

no major break between Cambrian and 

Ordovician. The first major break is at the end of 

the Ordovician and then there is no break until the 

middle Devonian. On Brown Clee Carboniferous 

Coal Measures rest on Lower Devonian; on 

Titterstone Upper ORS rests on Lower ORS ─ all 

the middle ORS is missing due to the Acadian 

orogeny. [The American term is accepted here as 

it refers to the same land mass.] Thus the 

Caledonian Orogeny in Shropshire is two events: 

the Shelveian and the Acadian. Dating of Shap 

Granite gives 393 ± 3 Ma as an absolute date for 

final suture of Laurentia with southern Britain. 

Turning to palaeontology, the author remarked 

that 1989 is the 150
th
 anniversary of Murchison’s 

'Silurian System' in which the Downton Series was 

included in the Silurian (where it has now been 

reinstated). A plaque has been put up at Ludford 

Corner to commemorate Murchison. Various new 

fossils have been found: new trilobite species from 

the Wenlock Shales on the new Ironbridge by-

pass; new fish and plant remains from the ORS at 

Morville; and, last year, the construction of the 

Prees by-pass through the Middle Lias - the 

youngest bedrock in Shropshire. 

The author referred to Darwin’s contention that 

fossilisation is a rare process and our 

understanding will be improved as more fossils are 

found. However, much of our knowledge rests on 

the chance discovery of single specimens and is 

therefore very incomplete. This is particularly well 

shown by the discovery of a single claw which is 

our only evidence of the early Cretaceous 

dinosaur, Baryonx walkeri, and also the Grinshill 

footprints which, up until 1969, were the only 

evidence for the reptile Chirotherium. Thus Dr 

Toghill came to the Condover mammoths and 

described in detail how the discovery depended on 

the chance observation and alertness of Eve 

Roberts who is not a geologist and he urged 

members to be observant. 
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CONCLUDING REMARKS 

In conclusion Dr Toghill said that his selection of 

topics was by no means exhaustive and he hoped 

that the Society would continue to thrive over the 

next ten years as it had done over the last. 

ACKNOWLEDGEMENTS 

Based on a lecture given by Dr Toghill to the Shropshire 

Geological Society in October 1990. 
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The geological controls on quarries 
 

V. Russell
1
 

 
 

RUSSELL, V. (1990). The geological controls on quarries. Proceedings of the Shropshire Geological Society, 9, 

4–6. Summary of a talk describing the geological influences on quarrying utilising examples drawn primarily from 

quarries being actively worked within Shropshire. 

 
1
affiliation: former Quarry Manager at Shadwell Quarry, Much Wenlock 

 

BACKGROUND 

The author’s talk began by tracing the history of 

quarrying. The Romans had been major quarry 

workers. In medieval times most quarrying was in 

the Jurassic limestone because it is easy to work. It 

was used for churches and cathedrals. However, in 

the industrial revolution demand increased 

dramatically and production became mechanised. 

Quarries reflect the demand for their products. 

A normal 3 bedroomed house uses 50 tons of 

aggregate; a kilometre of motorway 80,000 tons. 

Cost per ton increases dramatically with distance 

from source to destination. This consideration is 

much less important for minerals such as lead and 

tin, or even coal. However, even aggregates must 

be appropriate for the job as well as being nearby. 

The characteristics of an aggregate are controlled 

by its mineralogy and by the geological structure 

of the quarry. 

CLASSIFICATION 

Aggregates are classified using various tests. 

Physical properties are measured by impact and 

crushing tests to specific British Standards (BS). 

Thus Bayston Hill greywackes have good crushing 

and impact values but Wenlock Edge and Grinshill 

rocks have poor values. Some rocks are sound 

until water is absorbed, e.g. with clays where 

smectite will absorb moisture and break a rock 

from inside ─ these are useless as aggregates. 

Other important properties include abrasion and 

polishing resistance ─ particularly important for 

road and pavement use. Criggion and Bayston Hill 

products are good in this respect. Aggregates may 

have a high value in one and not in the other. 

Resistance to polishing may be due to a rock 

breaking frequently and thus constantly producing 

a fresh surface. Resistance to abrasion may be 

because the rock is very hard and does not break, 

but may take a polish. Specific tests have been 

devised for measuring polished stone value and for 

abrasion value ─ the latter uses the Lower 

Cretaceous Leighton Buzzard sand as the standard. 

A porous rock usually has a poor impact value 

but a good Polished Stone Value (PSV) whereas a 

more dense rock may give a good polished stone 

value because the rock is homogeneous as well as 

having a good impact value. High clay content 

gives poor Aggregate Impact Value (AIV) and 

poor abrasion but good polished stone values. A 

shale will have poor strength but better PSV. 

The relative quantities of quartz, feldspar and 

clay in a rock directly affect the nature of the 

aggregate, reflecting the properties of these 

minerals. Vikings used feldspars to sharpen their 

swords! 

The combination of all these parameters means 

that good aggregate is fairly difficult to find. Such 

rock will be expensive to work but can demand a 

high price and therefore be taken a greater distance 

(e.g. Bayston Hill material goes as far as the Home 

Counties and the South West). 

QUALITIES 

A summary of the qualities of various geological 

materials: 

 

Gritstone (a non-geological term meaning 

sandstone to quartzite) – good PSV, AIV and 

Abrasion Value. 

Arkose – fair PSV, good AIV and Abrasion 

Value. 

Flint – poor PSV, poor AIV and Abrasion 

Value. 

Limestone – poor PSV. 
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Millstone Grit – very good PSV, reasonably 

good AIV and Abrasion Value have optimum 

mixture of quartz with some feldspar which 

makes it valuable and therefore economically 

possible to export to France. 

Granite – also good except that mica makes 

PSV value less good. However, some Scottish 

granite is being exported to South America. 

Basalt – fair PSV. Only suitable for minor 

roads. 

 

Other properties of an aggregate which are 

important for specific markets include: 

 

Colour – stringent controls when aggregates 

are used in paper and food products (e.g. 

bread). 

Brightness – this is measured against 

magnesium oxide as the standard for 100% 

brightness. 

Natural size and shape – important in sand 

and gravel market when used in horticulture, 

etc. 

Texture – especially in monumental stone and 

dimension stone when used for building blocks, 

etc. 

Chemical composition – this reflects 

mineralogy but is assessed as bulk chemistry, 

e.g. purity of calcium carbonate in limestone. 

Cement works are built where limestone and shale 

occur together as these are the main ingredients 

required to form a variety of calcium aluminium 

silicates. 

A pure form of dolomite is required for the 

refractory industry, as found at Llynclys near 

Oswestry, making bricks for the steel industry. 

Under 0.5% iron oxide and under 2% silica is 

required. A bulk analysis was done for every metre 

from boreholes because the material must be right 

when it goes into the kiln. This requires very 

selective quarrying. Substitution of Mg ions for Ca 

ions gives an increase in porosity which is very 

important in the oil industry. 

QUALITIES 

Geological Controls concern the macrostructure of 

the quarry. This will affect how the material is 

won. Such controls include: 

 

Faulting – which can make estimating reserves 

difficult and also causes problems for drilling. 

Drilling fractured rock is difficult and faults 

may transfer the energy of the blast (which is 

chiefly compressed air) a considerable distance. 

Folding – also causes complications both in 

drilling holes for blasting and for face working. 

It is easier to work along the strike rather than 

along the dip for the latter can give a dangerous 

overhang. Folding may also bring unwelcome 

material into the quarry. 

Fragmentation – the cheapest way of 

fragmenting the material is to use explosives at 

the rock face thereby saving on transport and 

excessive wear on crushers. In doing this full 

use is made of tension gashes, joint planes and 

fissures though sometimes these will absorb the 

energy of the explosives. The mineralisation 

associated with faults can cause complications, 

both in the actual winning of the rock and also 

when chemical purity is important. 

Variability – variations include change in 

facies (e.g. the reef at Steetley Quarry which 

gives a good white limestone whereas the 

surrounding siltstone is less good). Equally, 

igneous intrusions sometimes provide the rock 

which is required but variations within the 

intrusion are difficult to predict and make 

assessment of the quality difficult. 

Most aggregates are quarried and the assessment is 

done from surface outcrop. 

SHROPSHIRE EXAMPLES 

The author finished his talk by providing an 

overview of local quarries followed by a series of 

slides of a variety of quarries in other parts of the 

country. Information on the current state of local 

quarries can be summarised as follows: 

 

Llynclys Quarry, nr. Oswestry: dolomitic 

limestone produces normal single size 

aggregate for roads, and coated material for 

estate roads together with calcium magnesium 

lime which is given to sheep to prevent 

staggers. 

Shadwell, Much Wenlock: aggregates; not 

good enough to produce lime. 
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Lea Quarry ECC on Wenlock Edge: 

aggregates and calcium carbonate lime. 

Grinshill ECC: dimension stone – good 

fractures, good texture. 

Bayston Hill: the major quarry in this area – 

greywacke with recrystallisation making it 

suitable for pre-coated chips which are rolled in 

the asphalt on top of roads. Very good quality. 

Callow Quarry: Mytton Flag group – 

aggregates suitable for pre-coated chips; high 

PSV. 

Leaton, near Telford: igneous intrusion 

produces coated material. 

Criggion: dolerite used locally for surface 

dressing but inferior to Bayston Hill. 

Clee Hill: dolerite sold as pre-coated chips but 

only working the overburden of coal makes the 

quarry financially viable. 

 

The diversity of these quarries reflects the geology 

of the County. 

WORKING THE QUARRIES 

The industry is capital-intensive but, as most 

natural stone aggregates are in the North West and 

most demand is in the South East, the cost of 

transport is important. Leicestershire and the 

Mendip quarries supply the South East. 

The author then showed slides of various 

quarries including a large limestone quarry at 

Worksop showing how the quality of the rock 

influenced the way it was quarried (e.g. a very 

pure bench of only 4 metres height contrasted with 

an old quarry near Alston where variation makes 

the reserve unworkable). 

Also shown were slides of drilling equipment, 

faces which had just been fired, and quarry 

equipment and the controls the rock may have on 

this. He emphasised the alertness required by 

drillers and showed how new faces are now 

surveyed with lasers to try to anticipate hazards. 

The talk was followed by a lively question and 

answer session. Topics discussed included the 

heights of benches, the effect of economics - we 

use local stone because it is cheaper but we 

therefore have quarries on our doorsteps. Also the 

tension between wanting better roads, housing and, 

in particular, runways which require a vast amount 

of aggregate and yet not wanting quarries and big 

lorries on the road. 

Also mentioned was the recycling of railway 

ballast and foundry sands. Perhaps the ultimate 

example is to be found in America where 

machines remove road surfaces and relay them 

with the same material in one operation. 

ACKNOWLEDGEMENTS 

Based on a lecture given by Mr Russell to the Shropshire 

Geological Society on 15
th
 November 1989. 
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The ironstone mines of Shropshire 
 

Ivor Brown
1
 

 
 

BROWN, I.J. (1990). The ironstone mines of Shropshire. Proceedings of the Shropshire Geological Society, 9, 7–

9. Summary of a talk describing the occurrence of ironstone within Shropshire and the methods by which it was 

mined. 

 
1
affiliation: Member of the Shropshire Caving and Mining Club 

 

BACKGROUND 

Within Shropshire ironstone occurs in the Coal 

Measures sequence, mostly as nodules or cakes in 

seams in shales. The nodules vary in size and 

frequency, with the Pennystone nodules being up 

to half a metre across and 0.15 m thick. 

Underlying these ironstone-bearing shales is the 

Crawstone Sandstone in which ironstone is 

disseminated throughout the seam. This was the 

richest source of ore, being up to 40% iron, and 

outcropped in the banks of the River Severn. 

Abraham Darby mined it and it was the first seam 

to be worked out as it was pursued by the early 

miners, getting thinner towards Wombridge. 

In 1870 production was at a maximum with 

nearly half a million tons of iron nodules picked 

from the shales. The proportion was 1:10. Thus in 

that year about 5.5 million tons of shale were 

picked over. There are now large tips in the 

Telford area from the ironstone mines. 

METHODS OF WORKING 

Methods of working varied. Thin seams were 

worked by the longwall method, thicker ones by 

the pillar and stall method. The Oakengates and 

Lawley area was mined extensively for iron and in 

some areas there are large voids underground as 

some of the galleries were very large. Most 

ironstone seams are roofed with thick sandstones 

for the sequence was generally: 

sandstone 

shale with ironstone 

coal 

sandstone 

shale with ironstone 

coal 

 

However, investigations are currently being made 

to assess the safety of these areas, as some voids 

migrate to the surface and can be a hazard. 

The aggregate thickness of workable seams 

increased from 2.4 m at Broseley to 21.9 m at 

Donnington. The main ironstones worked were the 

Chance Pennystone, the Transpennystone, the 

Blackstone, the Brickmeasure, the Ballstone, the 

Yellowstone, the Blueflat, the Whiteflat, the 

Pennystone, and the Crawstone. Lesser seams 

included the Dunearth, the Ragged Robins and the 

Poor Robins. 

In the ironstone boom about 1837 the 

Coalbrookdale Company alone had 31 mines 

producing 50,000 tons. In the 1870s production 

fell from about 0.5 million tons per annum until by 

1880 it was down to 0.25 million tons. The decline 

then was rapid to 1900 when the total was down to 

20,000 tons. Production continued at this low 

level, mainly for the Priorslee furnaces, up to 

nationalisation in 1947 when the Grange Pit finally 

closed, at which time about 140 tons per year was 

produced. 

The author then showed slides of the mines, 

starting with an aerial view of the Priorslee area 

which had been a prolific ironstone and coal 

producer. The area was cut by the Lightmoor fault 

which has a 40 m throw. Botfields had a very large 

furnace and forge here, described in 1810 as being 

the largest ironworks in the world. Activity had 

virtually finished by the turn of the century and 

when Telford Development took over this was one 

of the largest areas of dereliction This area had 

been opencast for ironstone from the early 1800s. 

An almost complete furnace has been uncovered in 

recent opencasting, together with its last charge! 

Sections of measures from 1812 at Hadley 

Colliery showed coal and ironstone beds and many 

shafts to reach them. At Ironbridge there is an 

ironstone mine dating from the 1840's which can 

still be entered in good weather. If atmospheric 
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pressure is low carbon dioxide accumulates 

making the workings unsafe. This mine, which 

was operating in the middle of the 19th Century, 

was one of the last to close. 

Next to be shown was a slide of the Crawstone 

ironstone with a roof of sandstone. Often the 

sandstones contained large roots of Carboniferous 

“trees”. The working face was only about 0.6 m 

thick and so some floor was dug out to provide 

working space. The sandstone dug out was used as 

backfill for the areas worked, to prevent rockfalls 

and also to prevent accumulation of carbon 

dioxide, an asphyxiating gas, which is a greater 

problem here than the explosive gas, methane. 

Roadways radiate out from the mine entrance to 

reach the longwall which encircles the mine 

entrance. This method, reputed to have been 

developed at Coalbrookdale, is basically the same 

as that used in many coal mines today. 

Iron mining techniques involved initial removal 

of the weaker underlying bed so that the ironstone 

dropped down. Wedges would be left to hold it 

until the miners were ready, but many were killed 

when the roof fell in before they were expecting it. 

A slide was shown of the site of an adit which 

was built in 1840 into the Crawstone. A very early 

engine house on this site probably housed a simple 

wheel running the self-acting incline which is now 

a public footpath. Loaded wagons going down 

pulled the empty wagons up. 

Next to be discussed was the relationship 

between the ironstone mine and the limestone 

mine at the Rotunda; they are at about the same 

horizon but are separated by the Limestone Fault. 

The mines are not connected – the limestone is 

entered by a shaft and the ironstone by adits. The 

outcrop of Pennystone is higher up the hillside and 

is reflected in the bluish colour of brick produced 

by its clay, in contrast to the Clunch Clay which 

gave white bricks. Hence the colour of the 

buildings in Ironbridge tend to reflect the outcrops 

of the source rocks for brick making. 

The only accessible place for seeing the 

Pennystone is in Ironbridge. Here the best coking 

coals, the Clod Coal and Little Flint Coal, also 

outcrop. The Clunch Clay, a very good firestone 

clay, and the Big Flint and Little Flint, which are 

very hard sandstones suitable for building the 

furnaces, also occur in Ironbridge; so all the raw 

materials were available in one area. 

The Pennystone workings are now difficult to 

explore because of ventilation problems. However 

when a fan was being installed recently, the author 

went in. The main passageway was under the Big 

Flint sandstone which should have been quite safe, 

but it fractures easily and large blocks had fallen 

out of the roof; in part the miners had built brick 

arch supports. 

To work the ironstone all the Pennystone would 

be brought to the surface for weathering. This 

would clean the clay off the nodules, which were 

then picked by women and girls. 

A sketch made by the mine inspector in about 

1840, at Madeley Wood, showed the girls who did 

the picking; some picked and some carried while 

older ones loaded or organised. The ore was 

sometimes calcined on the way in heaps of coal 

and iron. Annie Paine of Madeley, who is now 103 

years old, was one of the last pickers, working in 

the mines at the turn of the 19
th
/20

th
 centuries. 

The Ballstone measures were rather salty and 

today the tips from these workings do not support 

vegetation, unlike those from the Pennystone 

which support trees; many mounds were planted 

up until about 1935. A society was founded in 

1930 for the reclamation of old tips. 

In the 1840s the ironstone was calcined to 

remove excess sulphur and moisture and improve 

the quality a little. This was either done in heaps in 

the open, or in kilns. The ore was then taken to the 

blast furnaces. These furnaces were cold blast and 

by the beginning of the century were uneconomic, 

and closed in 1912. Hot blast, more efficient 

furnaces had been invented, and were in common 

use elsewhere. 

The Madeley Wood Company mines were 

worked under franchise, i.e. under chartermasters 

who sold the ore to the Company. Several villages 

such as Cuckoo Oak and Aquaduct were built in 

the early 1840s for ironstone mining communities. 

Ironmasters built many things of iron: tombs, 

boats, etc.. The Anstice family were a very 

important ironstone mining family and the Anstice 

Memorial Hall at Madeley was built in their 

memory. 

The author had several unresolved questions 

based on the Annual Mining Returns, for which he 

invited information. The Great Silurian Mine at 

Rhysnant produced iron in 1863 for the owner E. 

Lloyd-Owen. The location of Rhysnant is 

unknown. Furthermore, ironstone is recorded from 

Lilleshall but this was a limestone mine so could 

this be a mistake? Clive mine is listed but there is 



 THE IRONSTONE MINES OF SHROPSHIRE  

 

 

Proceedings of the Shropshire Geological Society, 9, 7−9 9  1990 Shropshire Geological Society
 

no evidence for iron production as this was a 

copper mine. 

Much of the information from this presentation 

is to be produced in a special publication by the 

East Midlands Geological Society [Mercian 

Geologist Vol. 12 No. 1 1989 pp. 9-27]. 

In response to questions the author said that the 

ironstones mined were siderites, i.e. iron 

carbonates which are usually secondary alterations 

but in fact the nodules all seem to be formed round 

a ‘seed’ suggesting that they are of primary 

deposition. 

Asked about weathering, the author thought it 

took several months; a large area was needed to 

spread the mixture for the weather to do its work 

and to allow girls to find the nodules. 

Bell pits had been used but were a rather 

wasteful way of working. Ironstone bell pits have 

much bigger mounds than coal bell pits because of 

the greater waste material involved. 

Answering other questions, the author said that 

ironstone mining was not restricted to the 

Coalbrookdale Coalfield; ironstone workings are 

documented from the 16
th
 Century in the Clee 

Hills and two seams were also worked more 

recently around Billingsley and elsewhere in the 

Forest of Wyre. 
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Society, 9, 10–12. Summary of a talk describing development of earth science within the National Curriculum. 

The exploration of science is largely content free, as is the nature of science which depends on concepts rather 

content. Earth science is a good vehicle for carrying these ideas forwards, referring to how science has progressed, 

how it relates to society, how scientific ideas have changed through time, and the perception of science in other 

cultures. 
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BACKGROUND 

The author contends that Earth Science must be 

taught from a science base, in an investigational 

way. Its relationship with geography was still 

debated, e.g. who covers atmosphere? Weather 

and climate are in both the geography and the 

science national curricula. Earth science introduces 

the new dimension of time. Climatic belts were 

different 10,000 years ago; 100,000 years they 

were very different! Earth science also emphases 

the global aspect. Earth science processes cross 

subject boundaries - landforms are in geography; 

the movement and behaviour of ice/water are in 

science. Earth science should have an input into 

both. 

Geology in the past had often tended to be 

taught from a geographical standpoint and in 

catalogue form rather than understanding 

processes, e.g. why volcanoes are different shapes 

and erupt in different ways. This could be 

approached in a scientific way with children 

investigating properties like viscosity and gaseous 

content. 

THE GEOLOGIST’S APPROACH 

Geologists look at granite as a coarse grained rock 

which cooled slowly. Another scientist might look 

at the rounded shape of a granite body and relate it 

to other things, e.g. animals which live in cold 

climates have compact shapes. Dykes are sheets 

and cool more quickly (compare with thin floppy 

ears of elephants which are efficient at loosing 

heat!). 

Pattern recognition, citing the Pacific ring of 

fire of explosive volcanoes contrasted with the 

distribution of quiet oceanic eruptions. This 

pattern, with that of earthquake distribution, can be 

recognised and later related to plate tectonics. 

Earth Science looks back in time and includes 

the changes in ideas. Fossils also give insight into 

the significance of time. The science part of the 

National Curriculum (NC) should be introducing 

children to ideas concerning the processes 

involved in forming different rocks and to 

appreciating their influence on landscape and 

economic development and, to a certain extent, on 

present day distribution of rocks. They should also 

begin to interpret geological maps which combine 

many of these aspects. This offers opportunities for 

geographers and scientists to work together, e.g. 

with map work. The teaching of geology has 

changed considerably and is much more science-

orientated though often left to the geographers to 

deliver. The advent of GCSE has accelerated this 

change. 

THE NATIONAL SCIENCE CURRICULUM 

Earth Science fits into the national science 

curriculum in three of the attainment targets in the 

double award science GCSE, in particular in 

sections on earth and atmosphere, human 

influences on the earth, and earth in space. Less 

obviously the geologists' input had resulted in 

fossils being included in sections on the variety of 

life, genetics and evolution. Also earth science has 

input into types and uses of materials and how they 

behave. In addition, the earth's magnetic field now 

comes into magnetism. Thus earth science input 

into the science NC is scattered and varied and 

within a number of Attainment Targets. 

Exploration of science covers the active, practical 

work of science though schools are free to devise 

their own methods of doing this. 
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For the benefit of non-teachers, the author 

considers the main points of the Education Act of 

1989 which established the National Curriculum 

with three core subjects: English, Maths and 

Science and other foundation subjects which 

would be compulsory education for everyone up to 

16 years. Working Parties were set up and have 

agreed the content of the Core Subjects which are 

defined in Parliamentary Orders and are law. Work 

is in progress on the foundation subjects. Design 

and Technology is complete. The time scale 

reveals the amazing rate of production demanded 

by the government, with reports being produced in 

months, including adequate consultation phases. 

The Parliamentary Orders which most be followed 

are heavy for secondary teachers who mostly teach 

one subject but must be aware of cross-curricular 

aspects, but the load on primary teachers who must 

absorb the implications in every subject while 

teaching all week must be even greater. 

The programmes of study are divided into four 

Key Stages which describe the curriculum and 

skills which must be taught. In addition, 

Attainment Targets, numbering 1 to 10, express 

what children have learnt and can do, i.e. they 

reflect skills and content. These are not related to 

age as people develop at different rates. Primary 

teachers especially have to cover a very wide 

spread of Attainment Targets. The system is 

designed to meet a wide range of ability so that at 

16 even a very low performer will have achieved 

something positive, which is the philosophy 

involved. GCSE has already moved in this 

direction and will continue to do so. 

At the end of each Key Stage there will be 

Standard Assessment Tests at 7, 11, 14 and 16, but 

these are still awaited, except the last which is 

GCSE. These tests will be yet another burden to 

teachers. The establishment of the NC enables 

progression to be universal from any school to any 

school. 

PROGRESSION 

The idea of progression can be illustrated by 

considering the definition of a mineral. This was 

"A naturally occurring chemical element that 

possesses a definite crystalline structure based on 

an ordered internal arrangement of the constituent 

atoms, and with a chemical composition that may 

be expressed in terms of a chemical formula". 

All the concepts in this definition would be met 

in the science national curriculum, though only the 

more able sixteen year olds would be able to 

express this in their own words. Academics would 

tend to start from the definition as a base whereas 

teachers start with the direct observation at infant 

level and progress through the concepts until 

eventually there is sufficient knowledge and 

understanding to appreciate the definition. 

Two attainment targets have no content. Of 

these, AT1 is the most important as it develops the 

children’s skills and includes plan, hypothesis and 

predict: design and carry out investigations. This 

can vary from simple sorting exercises at the infant 

level to sophisticated experiments at GCSE level. 

It includes being able to draw conclusions and 

investigate findings. Many of these skills are found 

in other parts of the curriculum: geography, 

English, mathematics. 

These skills are valuable to employers ─ much 

more so than content, which quickly becomes out 

of date though obviously a balance is needed. 

Earth science input into the National 

Curriculum may be as much as 15-20%, 

depending on how it is taught. There are problems 

with delivery as most secondary schools have 

physicists, chemists and biologists but virtually 

none have earth scientists. Geographers who have 

come via physical geography will have the 

knowledge but are not used to teaching it from the 

science viewpoint, i.e. from AT1, the exploration 

of science. This is the way it must be taught and 

how it will be assessed. 

Much has been invested in the development of 

the traditional sciences but little in earth science. 

Materials both for pupils and for in-service training 

for teachers is required but funding is difficult. The 

exploration of science is largely content free, as is 

the nature of science which depends on concepts 

rather content. It refers to how science has 

progressed, how it relates to society, how scientific 

ideas have changed through time and the 

perception of science in other cultures. Earth 

science is a good vehicle for carrying these ideas. 

Plate tectonics can be used as an example. 

Tracing the development of Wegner's ideas 

through those of Holmes to modern methods of 

measurement it can be shown how the history of 

scientific ideas and a particular subject could be 

taught at the same time. This can also include 

social attitudes and scientific funding. Other areas 

of science can be treated in the same way. 
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CONCLUDING REMARKS 

Questions were varied and numerous. Did earth 

scientists realise that geographers had already 

moved a long way with emphasis on processes and 

skills, e.g. fieldwork skills and investigation? The 

integrating role of the NC, with less emphasis on 

pigeon holing into ‘science’ or ‘geography’ and 

more on cooperation across the subjects can 

address this, rather than arguing what goes into 

each. Unfortunately the reports do not reflect this 

cross curriculum attitude. 

Shropshire has a Working Party on cooperation 

between geography and science but old attitudes 

are slow to change. Primary teachers have the 

opportunity to work in a cross-curricular way but 

are hampered by the extreme range of ability. 

There are arguments for scientists to do some arts 

and vice versa, i.e. total integration in education. 

This aspect has been addressed by the NC in 

primary and secondary education but not yet in 

sixth form and higher education. Universities and 

polytechnics accept A and AS levels at 

institutional level but at departmental level it is still 

A levels which are required. However, the 

demographic decline is going to force places of 

higher education to adapt to attract enough 

students to survive. 

The question may be asked as to how far within 

the earth science course would one include 

economic and social factors? For earth science, on 

resources, one would teach how certain elements 

are concentrated in the earth’s crust and why 

distribution is inequitable – linking with geography 

and politics. It is also important to know how 

natural resources are found – into physics. The 

consensus is that the social relevance of science is 

important. This leads into design and technology, 

and geography. There are problems ensuring that 

everything is covered somewhere and at an 

appropriate level – particularly difficult with 

mixed ability classes. 

Are classes likely to be built on Attainment 

Targets and thus be of mixed ages? This idea is 

fraught with problems. The current emphasis was 

on stressing what pupils had achieved, though it 

would take time not to just mentally transfer 

GCSE back to ‘O’ level. 
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BACKGROUND 

The author introduced himself as a non-geologist. 

He is in fact a land surveyor who has studied 

glaciology in Antarctica. He assembled the 

surveying team and raised £15,000 for one part of 

the International Karakoram Project which was 

undertaken to celebrate the Royal Geographical 

Society's 150
th
 anniversary. The project was 

chosen because of its international, 

interdisciplinary possibilities and was aimed at 

looking ahead to the future shape of expeditions, 

not looking back over the previous 150 years. The 

area is in Northern Pakistan, on the border of 

Afganistan, Russia, China and India. 

The Spring of 1980, just after the Afghan 

invasion, was not an auspicious choice and the 

project only just got off the ground. About 100 

scientists from UK, Pakistan and China worked 

together to convince the authorities that they were 

bone fide. The Indian press was very suspicious, 

describing the scientists as searching for sites for 

the Islam bomb. 

The Karakoram expedition was so huge ─ 100 

scientists, in 5 different groupings ─ that it was 

impossible for one person to know everything that 

was going on. The 5 groups were: 

 

• Glaciology: testing out echo sounding 

equipment on pressure melting points (a very 

new technology at that time) 

• Seismology: monitoring of hundreds of 

micro- and bigger earthquakes 

• Natural hazards: expecting to look at how 

people cope with living in an earthquake zone 

but found that the local people were much 

more concerned about mudslides, rock-slides, 

avalanches and floods 

• Geomorphology: to study the complex 

landforms of the area 

• Survey: a group which had its own project but 

also acted as a service industry to the other 

groups. The surveyors thus had the 

opportunity to see the work of the others. 

 

The author's first slides were of spectacular views 

such as the 25,000 foot peak of Rakapushi viewed 

from base camp at 6,500 ft together with maps of 

the area. Operations were based on Gilgit but to 

get there took some organising. The author himself 

worked for six months full time before leaving – 

fundraising, planning, organising, borrowing, etc. 

Landrover lent four vehicles which were driven the 

length of Pakistan quickly in order to meet 

equipment which had been sent on by train to 

Islamabad. The drive was done in two days of very 

hot weather by drivers who had been anticipating 

the cold climate of the Karakoram. 

Fifteen years ago it was difficult to get to Gilgit, 

the expedition base, but in 1978 the Karakoram 

Highway was opened. This is a magnificent piece 

of engineering: a two lane tarmac highway running 

from Pakistan up and over the Himalayas into 

China. From the slides we began to get an idea of 

the achievement in building this road. Each mile 

had to be blasted out by men being lowered down 

by rope to drill holes for explosives. The 

construction was an enormous feat and keeping it 

open, as it is subject to landslides in summer and 

avalanches in winter, is also a considerable 

achievement. In 1977 to drive from Gilgit to 

Hunza in a four wheeled vehicle took about two 

days. In 1978 it took 1 hour and 20 minutes with 

peaks towering 12-15,000 ft above the road and 

6,000 ft scree slopes. Huge chunks of rock 

overhang the highway and occasionally drop off 

and break up the road. 
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Karakoram contrasts with Nepal, which is lush 

and green and has a monsoon, for Karakoram has 

no monsoon and is a much drier area. At the 

Hunza oasis, water is in short supply and terraces 

are cultivated with a complex irrigation system 

controlled by sluices diverting the heavily silt 

laden water of the Hunza river. Much fruit is 

grown here: plums, apples and especially apricots. 

From a satellite photograph of the area one 

could see the Hunza valley in which the expedition 

worked. The logistics were considerable. The 

Landrovers did about 5,500 miles each in two and 

a half months on the Highway and on rough tracks. 

The expedition also had up to 10 jeeps at any one 

time getting 90 scientists from base to their places 

of work. 

The expedition went up the Hunza valley 

knowing the work that was planned but not 

knowing where to set up the vital base camp. 

However, at the Hunza oasis they discovered the 

Pakistan Tourist Development Corporation had 

just opened a camp site, complete with tents, beds, 

bedding, professional cook, washer up, 

nightwatchman. No tourists had arrived so the 

expedition booked in at an advantageous rate! 

The camp was very interesting: 90 British, 

Chinese and Pakistan scientists plus some tourists - 

a Scandinavian cyclist, German archaeologists ─ 

made a cosmopolitan, stimulating company. Thus 

there was a lot of cross expertise support and 

stimulation. 

The hazards included glacier meltwaters 

changing directions to make the road only fordable 

by bulldozer because of the strength of the current. 

In addition to the Karakoram Highway there are 

six inch roads, i.e. 6 inches wider than a jeep, and 

three inch roads, 3 inches wider, giving the three 

grades of road, all of which were often blocked by 

landslides. Lord Hunt, with vast experience of the 

Himalayas, visited the expedition and said that he 

knew mountains were dangerous places but had 

not realised how dangerous valleys could be. 

In 1912-13 an international team had surveyed 

this area going right over the Himalayas to link 

Russian and Indian maps. This amazing feat used 

large baulks of timber (heliographs) as targets and 

hundreds of porters. It was a triangulation survey, 

with the highest station being at 19,300 ft. In 1980 

the survey team of the Karakoram Project set out 

to find the 1912 survey points and remeasure them 

in an attempt to detect any tectonic deformation 

resulting from the Indian plate colliding with the 

Asian plate and link it to observable fault zones. 

From very vague directions the team did find the 

original survey stations. The slides showed the 

immensity of the task and the relationship of one 

survey station to another – rather more than had 

been anticipated in London! 

The procedure for the surveyors was to be 

driven along the Karakoram Highway, dropped at 

a village and climb about 10,500 ft to a survey 

station. This would take 2 to 3 days. They then 

surveyed the station and walked down – another 

day. Each of the four survey teams had to reach 

their respective stations on different peaks at the 

same time. At the foot of a climb it was imperative 

to hire porters for even the modern surveying 

equipment used weighed about 50 kg. This 

involved haggling over distances and weights – 

scales being an essential part of the bargaining. 

The author showed pictures of the porters and 

some of their families – a great honour as porter’s 

families are usually kept out of sight. The porters 

were shepherds, farmers, and even a student. They 

worked hard if they were treated fairly and were 

good company. They wore goatskins wound round 

their legs as footware. 

Higher up the terrain became more arid. The 

bridges were primitive but effective – single 

cantilevers, etc., and unsafe looking but 

serviceable rope bridges. The narrow tracks with 

steep drops must have been very difficult to build. 

Whole families and herds could sometimes be seen 

hurrying along them. In one valley they were the 

first non-Pakistani or Chinese to visit for five years 

and needed special passes. The people were 

friendly and smiled a. lot until a camera appeared 

when they went rigid. Sugar was a real treat to 

them. 

They came across high camps where shepherds 

stayed for a few months. The shepherds gave the 

author and his party a warm welcome, and invited 

them to sleep in their huts while they slept outside. 

Hospitality is very important to Muslims. 

The survey work coincided with Ramadan 

which caused problems as it was difficult for 

porters to carry a load all day and fast. The 

solution was to hire porters from villages 20 miles 

away who were then travellers and exempt from 

the Ramadan fasting. The biggest problem 

climbing was not the climb but carrying enough 

water and they incurred several cases of bad 

dehydration. Often they camped out under the 

stars. The porters put the scientists to shame with 
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the small amount of equipment they required. 

Some of the camp sites of the 1912 expedition 

were found. Indeed sometimes it was possible to 

sight an original survey station from 40 km 

because the air was so clear. By the end of August 

snow was frequent. At one point they had to be 

roped up and use ice axes. 

The terrain in this area is very jagged. There are 

many earthquakes with 100 microearthquakes a 

day. There were enormous faults with rotten rock 

which was very weathered and crumbling 

everywhere, and with huge scree slopes. The 

survey results showed some movement but with 

rather large uncertainty. Garnets strewn in the 

valleys indicate considerable rock deformation. 

Rubies and emeralds were also found. The survey 

was expecting to find about 4 or 5 m of movement 

between India and Russia in 70 years. In fact they 

only detected about 2 m and this was not 

conclusive. However, another resurvey in 30 years 

time could probably find out something more 

definite by comparing two very accurate 

measurements. 

The pure survey was interesting, stimulating 

and great fun, though not academically conclusive. 

However, a lot of work was done for other parts of 

the expedition. The 1912 expedition lost its deputy 

leader who died with appendicitis and was buried 

in Gilgit. The 1980 party realised that out of 90 

members it was likely that by the end of the 

summer there would be a serious accident, but it 

was a great blow when it came. Jim Bishop was 

climbing up to erect a survey beacon when he fell 

and was killed. This was a great loss to Jonathon 

Walton as Jim Bishop was his brother-in-law and 

close friend. They went back to the area where he 

fell and built a memorial and Jim's wife went out 

three years later to visit the memorial. 

The programmes of the other teams were 

complex and details are published in the book 

“Continents in Collision” by George Philip. There 

was also a conference from which came two 

volumes of scientific papers, mostly intelligible 

only to the specialists! 

The author enjoyed the work, meeting the 

children, the friendliness of the locals and the 

pleasure of working with Chinese scientists and 

the beautiful scenery. Lord Hunt was very popular 

with the local people, especially as he spoke Hindi 

with them. A lively question session followed. 
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BACKGROUND 

The Lower Palaeozoic basin of Wales is of interest 

because of various factors. It contains a variety of 

turbiditic sediments, it is deformed, but not 

intensively, it has been subjected to low grade 

metamorphism, and contains mineralisation 

although there are very few igneous intrusions. 

DEVELOPMENT OF MAPPING 

First to be considered is the development of the 

basin and to see how it progresses from its 

formation, through infilling and deformation, and 

fluid movement within the basin, which may 

control metamorphism and mineralisation. The 

present study covers the area from Aberystwyth to 

Builth Wells. The maps which are already 

published leave large gaps in 1:50,000 coverage 

which BGS are hoping to rectify. Some sporadic 

work has been done in the universities as PhD 

projects. 

As an example, contrast the old map of the 

Rhayader area with the Rhyader sheet which has 

just been finished, showing much more detail. 

Satellite imagery is also now available and shows 

the geology in considerable detail. The pixel size is 

equivalent to 30 m across but tonal value means 

that detail less than 30 m is detectable. In an 

unknown territory about 80% of the geology can 

be detected. This aspect is illustrated within the 

South Wales coalfield and the Ludlow escarpment, 

and towards the north more detail including the 

Elan valleys and reservoirs, and the Ystwyth fault. 

SEDIMENTATION WITHIN THE BASIN 

Next to be discussed is the sedimentation within 

the ‘basin’ (inverted commas emphasising that the 

shape is not known). From the sediments, 

information could be gained on the controls which 

had formed the ‘basin’ and affected its infilling. A 

cartoon showed typical shelf and slope deposits 

such as the development of turbidite systems and 

slumping, and also canyons and distributary 

systems going across a shelf and exuding 

mudstones and coarse sandstones into turbiditic 

fan systems on the basin floor. 

The background sedimentation to all these 

deposits is a general rain of pelagic material and 

fossil detritus – mostly graptolites. Conditions on 

the bottom of the basin varied – sometimes oxic 

with bioturbation, sometimes anoxic rather like a 

stagnant pool where nothing lives. Transitions 

from one to the other type of environment are 

reflected in the deposits. 

Looking more closely at the mudstones, a 

particularly clear slide showed a repeating 

sequence of mud turbidite interbedded with 

pelagic rain which was much darker in colour ─ all 

on a scale of a few centimetres. It is suggested that 

the turbidite was probably deposited in minutes, or 

perhaps an hour while the pelagic 'rain' took, 

perhaps 10,000 years ─ thus a contrast in time 

scale! 

Another slab, this time from near Claerwen, 

showed how chemical differences of the bottom 

sea water are reflected in the rocks, e.g. turbidite 

muds deposited in oxic conditions had medium 

and light grey alternating bands. Dark mottling in 

the light grey mudstone indicated burrows of 

organisms. The upper part of each layer of 

mudstone is also lighter because it has been 
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oxidised. By contrast anoxic bottom conditions are 

shown by medium grey bands overlaid by 

laminated dark bands (no bioturbation) of 

undisturbed pelagic rain. Small black blobs of 

phosphate also formed during the diagenesis of the 

mudstone. 

Contrasting with the background sedimentation 

of mudstone, the turbidite fan systems are 

sandstone-dominated. 

Next to be considered were a series of slides 

showing the cross section of a conglomerate 

channel within the shales – the Caban 

conglomerate system which sourced the turbidites 

in the basin.  A quarry had been opened in these 

sandstones to build walls for the dam for the 

reservoir. Conglomerates and sandstones are 

interleaved with the shale until they gradually die 

out and are overlaid with mudstones. Some of the 

lenses of sandstones and conglomerates are very 

large. The conglomerates are made up of large 

boulders of acid volcanic origin. Recent isotopic 

analyses of the pebbles have given Precambrian 

ages suggesting they were sourced from the 

Midland Platform. 

Away from the main fan systems the amount of 

conglomerate and sandstone decreases: thinner and 

thinner sandstones towards the distal part of the 

turbidite fan system. In this region there is a lot of 

mud amongst the sandstone and thin sandstone 

beds are interbedded with muds. There are two 

styles: (1) thicker high matrix sandstones with very 

little structure deposited as dilute debris flows, 

interbedded with (2) cleaner turbiditic sandstones 

made up mainly of pure quartz grains. Within the 

latter are convolute bedding, slump structures, etc. 

which may form the base of the thicker sandstones 

above. In the yet more distal region of the turbidite 

system there are less and less sandstones until only 

thin quartz sandstones occur, interbedded with 

mudstones at the far distal end. 

GEOPHYSICS AND REGIONAL MAPPING 

Geophysics has revealed a vast amount of 

information about the subsurface structure which 

has been accumulated by BGS. This information is 

based on the variations in gravity and magnetic 

readings from several thousand stations. The direct 

readings show broad outlines of structure, with 

gravity readings in the west being high whereas 

those towards the east are low. 

The computer can also look at changes in the 

gradient of gravity data. Where there is a sudden 

change this can be enhanced by simulating shining 

a light from a particular direction. This then 

defines the structures which confine the Cheshire 

basin. The area under consideration – Central 

Wales – looks at first sight fairly monotonous but 

in fact this technique picks up very minor 

variations in the gravity and magnetic fields. 

The features in the basin displayed by this 

technique may be due to a variety of causes such 

as variations in the type of sediment, large 

amounts of volcanics, etc. This technique reveals 

linear features in the basin suggesting a series of 

major faults at depth. 

Combining these two types of map identifies an 

important linear feature which coincides with the 

change from shelf to basin sedimentation. This 

may represent a fault, or series of faults, active in 

Lower Palaeozoic times. The feature also defines 

the margin of the Cheshire Mesozoic basin and 

thus was activated probably in Ordovician times, 

and then reactivated through subsequent geological 

time. It is thus fundamental to the structure of this 

part of Britain. 

Clearly volcanic rocks will be more strongly 

magnetic than sedimentary ones, so North Wales is 

magnetic. In central Wales the magnetic 

measurements also pick up linear features. Around 

the Cheshire basin they show volcanic centres, 

probably of Carboniferous age. In places the 

magnetic anomalies correlate well with the gravity 

anomalies. The map correlation extends down to 

Shelve and Builth Wells where there was 

Ordovician volcanic activity – perhaps the faults 

were conduits for lavas and igneous intrusions. 

The Rhayader sheet shows that the Towy 

anticline lies parallel to one of the lineations. 

Around the nose of the Towy anticline the maps 

show several minor unconformities. A more 

detailed map of the nose of the anticline, with its 

Ordovician core, is revealed by the 1:25,000 maps 

but these will not be published, although available 

as dyeline copies from the BGS. 

The transition from shelf to deep sea 

sedimentation across the anticline and also a major 

mid-Silurian unconformity around the nose of the 

Towy anticline can be picked out, indicating that 

this was active during Silurian times and possibly 

subject to subaerial erosion – most of the mid-

Silurian is missing and some fossils suggest 

subaerial conditions in this area. 
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The model which has been compiled from all 

this information on the Towy anticline area is of a 

fault system, possibly with strike-slip movement 

and a "flower" of faults above. If this developed 

during sedimentation, with an anticline forming at 

the same time, it would develop an unconformity 

over the ridge of the anticline but conformable 

sedimentation on the flanks. Wenlock sediment 

goes over it all undisturbed, suggesting that the 

movement had ceased by that time. 

STRUCTURAL DEVELOPMENT 

The structure of the area consists of the mid-Wales 

“basin”, including a whole series of folds with 

Ordovician cores, and a series of periclinal folds. 

Most of the folds in the “basin” face towards 

the east (i.e. steep-limbed to the east), suggesting 

in a simplistic manner a force from the west. The 

deformation fades quite rapidly to the east of the 

Towy anticline, towards the Midland Platform. 

To the west the rocks are cleaved, including the 

Ordovician, but much less so to the east. It has 

been suggested that the deformation in the Welsh 

Basin was the result of the collision of ancient 

plates to the north. Many of the structures may be 

explained by an element of strike-slip 

displacement along basement faults. 

The majority of structures face eastwards over 

central Wales. On the western coast however the 

structures face west, possibly reflecting a deep 

basement fault? 

The folding is commonly assumed to be early-

middle Devonian. Attempts have been made to 

date the structures by Rb/Sr isotopes on the 

mudrocks, a method commonly used on igneous 

rock. This produced a very good series of 

isochrons from cleaved mudstones, i.e. very low 

grade metamorphic rocks, which gave an age of 

430 million years, roughly the same as the 

sediments. Dates from other rocks gave a second 

group at 390-400 million years (Silurian-Devonian 

boundary). The initial interpretation was that the 

results were so consistent that they must reflect an 

event, perhaps the diagenesis or perhaps alteration 

of older material. The 400 Ma date is thought to 

reflect the peak of deformation which may extend 

into the Lower Devonian. 

From the metamorphic aspect the rocks are all 

low grade metamorphosed mudstones but some 

are more cleaved than others. Studies of the very 

fine micas which grow during metamorphism and 

measuring their sizes can be done using an X-ray 

diffraction machine. It is expected that increased 

size of mica reflects an increase in metamorphism. 

By sampling every square kilometre a contour map 

can be built up reflecting the mica sizes. This 

varies from a diagenetic zone to a greenschist zone 

(i.e. slate deformation) with contours between. 

Metamorphism may be related to just depth but 

also to degree of deformation. The Ordovician 

rocks in the Towy anticline are low grade, in spite 

of being the oldest rocks. Other Ordovician rocks 

in different areas of the basin reflect a higher grade 

of metamorphism. The interpretation is that the 

depth of sediment over the Towy anticline was 

much reduced, due to erosion, and so the 

sediments within the basin were buried more 

deeply and so reached a higher grade of 

metamorphism. 

In the Central Wales “syncline” the sediments 

are low grade but the adjacent anticline is high 

grade, suggesting a strong depth control on the 

degree of metamorphism. The linear features in the 

metamorphic grade are parallel to the tectonic 

lineations and may be related to increased strain 

above basement faults. 

MINERALISATION 

The origin of the mineralisation of the area has 

also been considered in the light of an apparent 

lack of intrusions. Was there a mechanism which 

could account for the mineralisation being 

generated from the muds? As it lies along fault 

lines it must be structurally controlled too. The 

study looked at tiny fluid inclusions within the 

quartz veins. Some of these inclusions are high in 

methane which may have come from the host 

sediment. Other inclusions are high in carbon 

dioxide. These inclusions are thought to have 

sampled the ore-bearing fluids. The lead isotopes 

in the mineralisation give a crude age dating 

system but also give an indication of the source of 

the lead. Different populations of lead have been 

identified which may reflect either different ages 

or different sources. 

Mineralisation within the cleavage can be 

shown up by electron back scatter photography 

which shows chalcopyrite and galena, suggesting 

that ore elements had migrated during the 

formation of the cleavage. Some of the muds had 

big diagenetic nodules, some of which were 

carbonate rich, sometimes with nickel centres. This 
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seems to indicate migration and recrystallisation of 

ore minerals during diagenesis. It would seem that 

much of the mineralisation of the basin was caused 

by the remobilisation and concentration of 

elements already existing within the basin. How 

had this happened? How did the fluids migrate, 

and what were their pathways? 

The talk concluded with a short discussion of 

Parys Mountain mine on Anglesey, which had 

been visited recently. In the mid-nineteenth 

century Parys Mountain was the largest copper 

mine in the world but production declined with the 

market. Recently several companies have had 

another look at it. The cause of the mineralisation 

is not agreed but probably the ore body was an 

exhalative deposit, formed on the sea floor. 

Currently the massive lead, copper and zinc ores 

are sought. 

The geological setting of the ore bodies indicate 

that originally the copper was the main element 

sought but within the last few decades high grade 

lead and zinc have been the main interest. The 

structure is a truncated. syncline but it is difficult to 

interpret. The mineralisation seems to be 

associated with the "white rock": a sinter (banded, 

brecciated quartz) formed by crystallisation around 

a hydrothermal spring. In places large angular 

blocks of sinter are set in black shale plus blocks of 

copper sulphide in the same shale. This might 

indicate that the sinter and massive sulphide had 

been caught up in a mud slide. The nature of the 

breccia made it very difficult to find the ore. 
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A review of the tectonic history of the Shropshire area 
 

James Butler
1
 

 
 

BUTLER, J.B. (1990). A review of the tectonic history of the Shropshire area. Proceedings of the Shropshire 

Geological Society, 9, 20–34. A review of the tectonic data available for Shropshire, relating this to information 

which has become available from the exploration of the north-west continental shelf. 

The tectonic history of Shropshire records short bursts of compression producing folding and wrench faulting as 

a result of continental collision, followed by longer periods of tension, deposition and reversal of movement along 

the wrench fault system. 

The County lies upon the Midland Block, comprising Longmyndian and Charnian rock to which was accreted 

Island Arc volcanics and related sediments along the line of the Pontesford Lineament in the late Precambrian. The 

so-called "Caledonian grain" was determined at this time and was reactivated many times subsequently. 

Sediments were folded during the Taconic pulse in mid-Ordovician, and then continental collision along the 

Iapetus suture in mid-Devonian intensified the Caledonian grain. At the end of the Devonian, collision occurred to 

the south of the Midland Block. Pulses during the Carboniferous produced the Hercynian basins and welded the 

continents into one super-continent: Pangea. 

Break-up of Pangea was followed by a taphrogenic regime with rifting (Cimmerian) in the Permo-Triassic and 

early Cretaceous. Compressive forces operated at the end of the Cretaceous with reactivation of old wrench faults. 

Finally, Styrian compression inverted the Weald-type basins and most likely elevated the Welsh Massif at the 

same time, some 10 million years ago. 

 
1
affiliation: Harper Adams Agricultural College, Shropshire. 

 

INTRODUCTION 

Shropshire contains a relatively wide variety of 

rocks varying in age from Precambrian up to the 

early Mesozoic. However, the total absence of 

later formations makes it impossible to date the 

important tectonic events which occurred in more 

recent times and have played an important part in 

shaping the geology of the county. 

This review considers some of the tectonic data 

available for Shropshire and attempts to relate this 

to information which has become available, much 

of which stems from the exploration of the north-

west continental shelf. In a little over twenty years 

our knowledge of the UK shelf has increased from 

sketchy data on mostly recent seabed sediments to 

a very detailed three dimensional picture obtained 

from 1.5 million kilometres of seismic reflection 

profiles and 2,800 deep boreholes, the deepest 

being in excess of 5,500 metres. This data, mostly 

from the well-developed Mesozoic-Tertiary 

sequences which are absent in Shropshire, has 

greatly improved our understanding of the tectonic 

events affecting the British Isles (Zeigler, 1975). 

It is recommended that this paper is read in 

conjunction with "Shropshire Geology" by Toghill 

and Chell (1984), which describes the stratigraphy 

in detail and contains excellent illustrations of 

some of the structures that we are fortunate enough 

to have in the county for study (Figures 1 and 2). 

TECTONIC EVOLUTION 

There have been six main tectonic stages in the 

evolution of sedimentary basins in north-west 

Europe, as follows (Figure 3): 

1) Precambrian accretion at continental margins. 

2) Caledonian suturing of these continents. 

3) Hercynian suturing to complete the assembly of 

Pangea. 

4) Permo-Triassic instability of the Pangean 

megacontinent. 

5) Mesozoic opening of the central and northern 

Atlantic and the onset of alpine plate 

collision. 

6) Cenozoic opening of the Norwegian/Greenland 

sea, the alpine orogeny and the late orogenic 

collapse of the alpine fold belt. 

 

Pangea consolidated intermittently between late 

Ordovician and early Permian, with suturing of the 

Laurentian-Greenland and the Fennoscandian-

Russian plates in the late Silurian. There followed 

a major sinistral (NE-SW Caledonian shear field) 
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Figure 1: Geological Map of Shropshire. [From Toghill & Chell, 1984; © Field Studies Council] 
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Figure 2: Geological Structure Map of Shropshire. [From Toghill & Chell, 1984; © Field Studies Council] 
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Figure 3: Tectonic fabric map of north-west Europe. [From Blair, 1975; © Applied Science Publishing, London] 
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movement between these two plates during the 

Devonian which ended in the early Carboniferous. 

East to west consolidation of the European 

branch of the Hercynian fold belt in late 

Carboniferous was followed by dextral movement 

between Laurasia and Gondwana, often along old 

NW-SE lines in the early Permian. This Pangean 

megacontinent was complete by the mid-Permian 

(Ziegler, 1981). 

Shropshire contains the record of the geology of 

one of a number of European plate fragments 

(Midland block) which was mobilised between 

Gondwanaland and its Rheic Ocean (to the south), 

the Baltic Shield and its Tornquist's Sea (to the 

east) and Laurasia and its Iapetus Ocean (to the 

north-west). By the use of global data the dating of 

the opening and closing of these ancient seas could 

be the key to a better understanding of the local 

tectonics in Shropshire (Cocks & Fortey, 1982). 

These major tectonic pulses are briefly described 

(Harland et al., 1982). 

Late Precambrian, ca. 700-590 Ma 

The basement rocks of the Midland Block 

comprise an 8 km thick series of non-metamorphic 

sedimentary rocks (Longmyndian) aged ca. 600 

Ma. Older non-metamorphic volcanic rocks 

(Uriconian, Charnian) occur widely in the northern 

half of the block and may have a thickness of over 

2.5 km; radiometric ages commonly fall in the 

range of 620-700 Ma (Upper Proterozoic) 

(Chadwick et al., 1983). 

Metamorphic rocks of Precambrian age are 

exposed in the Malvern Hills, brought up by major 

faulting along the Malvern Axis. At the Wrekin: 

Rushton Schists, and at Primrose Hill: gneisses 

and schists, are brought up by splays of the Church 

Stretton Fault. The Malvernian igneous complex is 

dated at 681 Ma and is considered to be a late 

Precambrian addition to the crust (Chadwick et al., 

1983). The Midland Block may have originally 

been connected to the Baltic Shield (Watson, 

1974). 

Cambrian to early Ordovician: Caerfai to 

Arenig, 590-480 Ma 

The Cambrian began with a widespread 

transgression across a folded and eroded basement 

and is marked by the deposition of a transgressive 

sandstone, locally named the Wrekin or Malvern 

Quartzite. Deposition continued through 

glauconitic sandstone and limestone into deeper-

water organic shale. 

Sequences in Shropshire are condensed in the 

lower Cambrian and there are unconformities 

between the lower and middle and middle and 

upper Cambrian. However, tectonic activity was at 

a low level. Uplift and erosion occurred at the end 

of Tremadoc time and the Arenig, Llanvirn and 

Llandeilo stages are all missing from the Midland 

Blocks. 

Correlation of faunas shows that by the end of 

Arenig time, the Midland Block was attached to 

Gondwanaland comprising America, Iberia, 

Bohemia, Africa and East Newfoundland. 

Magnetic data show that it lay in the high latitude 

of 60°S. Across the Iapetus Ocean to the north lay 

an equatorial continent comprising Britain north of 

the Lake District, Greenland, West Norway and 

North America. To the east of the Midland Block 

across Tornquist's Sea lay a Baltic continent 

comprising Scandinavia, except West Norway, and 

the Russian Platform south to Poland and east to 

the Uralic suture (Cocks & Fortey, 1982). 

Mid to late Ordovician: Llanvirn to Ashgill, 

480-440 Ma 

Northward drift of Gondwanaland and the 

Midland Block continued with oceanic plate 

subduction along the Northumberland-Solway-

Shannon line and consequent narrowing of the 

Iapetus Ocean. Tornquist's Sea disappeared and 

Scandinavian and southern British faunas became 

similar by late Caradoc time. A Rheic Ocean 

opened to the south of Britain, thus separating off 

the cool water faunas of Bohemia and North 

Africa with regression and an important glaciation 

in North Africa. 

The Taconic pulse caused folding and wrench 

faulting in the Shelve and Breidden areas. Along 

these lines of weakness small basic intrusions were 

emplaced with mineralization of country rock in 

the late Devonian to early Carboniferous (Ineson 

& Mitchell, 1975). 

On the shelf of the Midland Block, the 

transgressive Hoar Edge Grit rests on Shineton 

Shale of Tremadoc age followed by a considerable 

thickness of shelly shelf sandstones deposited on 

its western edge. With the exception of the 

Harnage Shale at Sibdon Carwood there is no 

evidence of Ordovician volcanism on the Midland 
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Block and it is possible that considerable 

movement has subsequently taken place on 

wrench faults along the western boundary of the 

Midland Block (Woodcock & Gibbons, 1988). 

Silurian: Llandovery to Pridoli, 440-410 Ma 

The Midland Block had now drifted northwards to 

latitude 30°S, with a subsequent narrowing of the 

Iapetus Ocean and a widening of the Rheic Ocean 

to the south. 

Relaxation of compression towards the end of 

Llandovery time brought about a marked 

transgression across the Midland Block with 

deposition of the basal Kenley Grit; sea stacks 

were eroded out of Longmyndian cliffs at 

Horderley. 

Llandovery faunas are similar both in the 

Midland Block and in Wales. However, by 

Wenlock time, the Midland Block was elevated 

once more and benthonic shales were followed by 

limestones with reef corals and shelly faunas. 

This progressive shallowing occurred through 

the whole of the Wenlock. However, a reversal to 

deepening conditions occurred at the base of the 

Ludlow. This change is thought to be synchronous 

over the whole of the Welsh Borderlands (Hurst et 

al., 1978). 

During Ludlow times a broadly similar 

relationship held with shelly faunas on the 

Midland Block and graptolitic shales in Wales. As 

the Iapetus Ocean closed towards the end of the 

Ludlow, a further shallowing of the sea resulted in 

an influx of silty deltaic sediment and an increase 

in the rate of arenaceous deposition. A temporary 

standstill resulted in the deposition of the Ludlow 

Bone Bed which is a remainie or winnowed 

deposit. The Bone Bed, which has several thin 

representatives in the Welsh Borders, is followed 

by grey silt and then red shales and sandstone. 

Deposition into the Devonian is continuous and 

progressively continental. 

Early to Mid-Devonian: Gedinnian to 

Givetian, 410-375 Ma 

The Iapetus Ocean finally closed along a suture 

which ran across Britain from Northumberland to 

the Solway Firth and on to the Shannon. This 

closure resulted in compression which produced 

the Caledonian fold belt with NE-SW grain and 

extended from northern Norway to the 

Appalachians. 

As the Laurentian-Greenland Shield moved 

past the Fennoscandian-Russian Shield a shear 

field was produced and a total of hundreds of 

kilometres of sinistral movement took place on 

very many sub-parallel wrench faults with NE-SW 

Great Glen trend. Major faults with this trend in 

Shropshire are the Titterstone Clee, Church 

Stretton, Pontesford-Linley, Hodnet, Wem and 

Pattingham faults. 

The Pangean continent was enlarged by the 

closure of the Iapetus and this resulted in 

widespread desiccation and continental red-bed 

deposition during the Devonian. The Middle 

Devonian is absent and was probably not 

deposited on the Midland Block, although 

Caledonian folding was only gentle and the 

unconformity surface of Lower Devonian and 

earlier formations form the "First Continental 

Floor" (Wells, 1978). However, to the west of the 

Midland Block, as at Shelve and the Long 

Mountain, deep folds are cut by numerous wrench 

faults along the NE-SW grain (Whittard, 1952; 

Dean, 1979). 

Late Devonian to early Carboniferous: 

Frasnian to Visean, 375-330 Ma 

A plate reversal with oceanic plate subduction and 

continental collision closed the southern Rheic 

Ocean, culminating in the Variscan Orogeny at the 

end of the Devonian. The tectonic front runs from 

southern Pembrokeshire to the Straits of Dover and 

delineates the southern edge of the Midland Block 

(Chadwick et al., 1983). 

Northward compression with a dextral bias 

reactivated the old conjugate system of wrench 

faults, with further movement on NE-SW Great 

Glen trending faults, but in particular dextral 

movement on the NW-SE Tornquist trending 

faults. The Tornquist Line is a fundamental feature 

which separates the European plate fragments 

from the Baltic Shield. At the end of the Visean 

further Variscan plate collision completed the 

assembly of the Pangean super-continent and 

initiated the Sudetic earth movements (330 Ma). 

Uplift of the N-S Pennine and Malvern axes 

occurred at this time. 

Local effects were incipient folding of the Clee 

Basin and contemporary faulting of the developing 

Wenlock escarpment near to Craven Arms, all 

probably associated with movement along the 

Church Stretton Fault. The Craven Arms faulting 
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shows considerable lateral displacement (Greig et 

al., 1968, p 274). Deposition of Upper Devonian, 

coarse and pebbly Farlow sandstones probably 

occupied only a short period in the Upper 

Devonian and may be genetically related to 

wrench faulting as is the case along the Great Glen 

Fault. 

Early Carboniferous to Early Permian: 

Serpukhovian to Sakmarian, 330-270 Ma 

The Midland Block was now in latitude 0°-10°N. 

The Asturian (300 Ma) pulse of the Hercynian 

Orogeny intensified the folds in the Clee Hill 

Basin and eroded the Middle Coal Measures. 

Upper Coal Measures were then deposited with 

marked unconformity. 

Saalian (280 Ma) consolidation of the fold belt 

produced further dextral movement between 

Laurasia and Gondwana with associated rifting in 

the Bay of Biscay and East Greenland in the Early 

Permian. 

Locally a volcanic crustal dilation produced the 

Worcester, Cheshire, Manx-Furness and Tremadoc 

grabens which began to fill with continental red-

beds in the early Permian. The Wem Fault was 

active and the Leebotwood Coalfield moved 

southward along the Church Stretton Fault and 

faulted boundaries of the other Shropshire 

coalfields were formed. Further folding of the Clee 

Hill Basin took place and intra-plate dolerite sills 

were intruded into the Coal Measures. 

Early Permian to Early Lias: Artinskian to 

Hettanqian, 270-205 Ma 

The Pangean super-continent was finally complete 

by the mid-Permian with the closing of the 

Hercynian-Appalachian Ocean. This resulted in 

crustal instability and subsiding grabens began to 

fill with continental red-beds. 

Locally dune sands of the Bridgnorth 

Sandstone of Permian age were followed by the 

Triassic Sherwood Sandstone, deposition of which 

terminated with the Hardegsen tectonic pulse (235 

Ma). The Mushelkalk Sea approached from the 

south and east and in Shropshire the Grinshill 

Sandstone was deposited under temporarily less 

arid conditions. Finally, early Cimmerian rifting 

(220 Ma) brought about the Rhaetic marine 

transgression. 

Early Lias to early Cretaceous Sinemurian-

Berriasian 205-140 Ma 

In Shropshire the stratigraphic record virtually 

ends in the early Lias. However, tectonic activity 

continued in part due to sea floor spreading in the 

Atlantic and crustal adjustments along the Charlie 

Gibbs fracture zone. The Atlantic-facing Triassic 

scarp scenery of North Shropshire and Cheshire 

was produced during the Cimmerian Orogeny. At 

the end of this period Shropshire was in latitude 

40°N. 

Gondwana and Laurasia separated in the mid-

Jurassic (180 Ma) and the central proto-Atlantic 

opened. Sea-floor spreading began with a 

magnetic anomaly dated 165 Ma. A major rifting 

phase with basic volcanism occurred in the North 

Sea. In the Callovian, the mid-Cimmerian climax 

(160 Ma) was a more intense shear pulse due to 

Tethyian plate subduction in the east and the old 

conjugate fault system was reactivated. 

A late Cimmerian phase (140 Ma) was a major 

rifting pulse and Weald-type basins developed 

around the southern rim of the North Sea. This 

phase proceeded with sea-floor spreading between 

the Azores and the Charlie Gibbs fracture zone. 

The seaward-facing Triassic scarp scenery of 

North Shropshire and Cheshire was mainly 

produced during the various stages of the 

Cimmerian Orogeny. 

Early to late Cretaceous: Valanginian to 

Maastrichtian, 140-65 Ma 

The early Cretaceous was a period of rifting with 

the Bay of Biscay and Rockall-Faeroe grabens 

being the chief rifting areas. There was also crustal 

extension across the North Sea, Celtic Sea and 

Western Approaches graben systems with the 

Chalk finally transgressing across the whole of the 

Midland Block and Wales (Cope, 1984). 

Shropshire was now in latitude 45°N. 

At the end of the Cretaceous, compression 

along the Hercynian Front initiated the Laramide 

phase of the Alpine Orogeny (65 Ma). The earlier 

dextral phase (Mid-Cimmerian, 160 Ma) was 

reversed and sinistral wrench faulting was renewed 

along old NE-SW trending faults. 

Paleogene to Neogene: Danian to Piacenzian, 

65-2 Ma 
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The early Tertiary was a period of uplift and 

regression, with the North Atlantic beginning to 

open between South Greenland and North-West 

Europe. There were several 

transgression/regression cycles through the Eocene 

with tuffs in South-East England at the Paleocene-

Eocene boundary and widespread volcanism in the 

Hebrides, followed by regression in the Oligocene. 

During the Styrian phase of the Alpine Orogeny 

(10 Ma) the Weald-type basins around the 

southern North Sea were inverted and Wales may 

have been raised a total of 2,000 m at this time. 

Shropshire had now drifted further north, to 

latitude 48°N. 

THE STRUCTURE OF SHROPSHIRE 

The structure of Shropshire is dominated by a line 

of hills, which run southward from the Wrekin to 

the Stretton Hills, Wart Hill and beyond. This 

Eastern Uriconian Axis is formed of basement 

igneous rocks brought up to the surface by the 

Church Stretton wrench fault system. The County 

may be divided into three areas, each of which 

contains a number of related structural units: 

1.  The Caledonian Highlands 

The Caledonian Highlands includes the higher and 

scenic ground to the west and south of the Eastern 

Uriconian Axis. The NNE-SSW or NE-SW grain 

is Caledonian imposed by Lower Palaeozoic plate 

collision and probably superimposed on an 

existing Precambrian lineation. 

 

Breiddon Anticline; lies on the trend of the 

Wem fault system, a splay of which passes along 

the NW flank and major faults more or less 

perpendicular to this fault cut across the structure. 

The hill is virtually the NW flank of the Long 

Mountain syncline. Llandovery beds are 

unconformable along the SE flank of the hill. 

Breidden Hill is a thick plug of albitised olivine 

dolerite of Lower Caradocian age intruded into 

Caradoc shales and tuffs and this intrusion 

accentuates the apparent anticlinal form. On the 

subsidiary summit of Moel y Golfa, andesites are 

intruded into Caradoc shales and interbedded tuffs 

and agglomerates of the Uppei Volcanic Group. 

Whittard (1952, p 157) notes that only Caradoc 

volcanism occurs at Breidden Hill, whereas in the 

adjacent Shelve Inlier there are two volcanic 

episodes ranging from Llanvirn to Caradoc, but 

then the lowest beds exposed at Breidden are 

Lower Caradoc. 

 

Long Mountain Syncline; lies between the 

Ordovician anticlines of Breidden and Shelve. 

Strata range from Upper Llandovery up to an 

outlier of Downtonian and rest unconformably on 

an earlier Ordovician downfold (Taconion). 

The syncline is asymmetrical with a steep 

north-western limb and gently plunges beneath the 

Coal Measures of the Hanwood coalfield; the axis 

curves from NNE in the south to ENE in the north. 

This axial curvature is mirrored in the Breidden 

and Berwyn structures and is part of the large scale 

S-structure of Wales and seems to be a 

characteristic of strike-slip terrain. 

The main folding was post-Downtonian pre-

Carboniferous (Caledonian), but the area has been 

subjected to the post-Carboniferous (Hercynian) 

movements that produced the open syncline of the 

Hanwood coalfield in the NE, this structure (Prees 

syncline) is nearly co-axial, sinistrally off-set by 

the Wem Fault, with the Long Mountain syncline, 

and this presumably tightened the latter to some 

degree (Palmer, 1970, p 341). 

 

Shelve Inlier; comprises the Shelve anticline in 

the west and the Ritton Castle syncline in the east, 

and is faulted and folded with dips up to 35°. The 

inlier is separated from the Longmynd Massif by 

the Pontesford-Linley Fault. Rocks range from 

Tremadoc to Caradoc and young west, away from 

the Pontesford-Linley Fault (Woodcock, 1984). 

The scarp of the basal Arenig Stiperstones 

Quartzite faces this fault and dips into the Ritton 

Castle syncline. Several small Silurian outliers rest 

on Llanvirn shales and interbedded volcanics 

along the axis of the syncline. 

Towards the end of the Ordovician, folding and 

faulting occurred. Numerous NNE-SSW wrench 

faults with displacement of tens of metres and a 

conjugate system at an angle between 45° and 90° 

moved before the Upper Llandovery but in some 

cases later movements have displaced the 

unconformity (Whittard, 1952, p 186). 

Volcanic episodes occurred during the Llanvirn 

and Caradoc, although on a much smaller scale 

than in Wales. The basic intrusion of the Shelve 

inlier ranges from picrite to alkali-rich andesite and 

belong to one co-magmatic suite emplaced along a 

pre-existing anticlinal axis. 
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Longmynd Massif; comprises a thick clastic 

series of folded and faulted late Precambrian rocks. 

Sedimentation was probably in a tectonically 

active basin and began with flysch with 

interbedded volcanics. Molasse deposits 

subsequently filled the subsiding basin. 

Now exposed as an uplifted fault block 

between, or faulted slices adjacent to, two major 

wrench fault systems, namely the Church Stretton 

Fault on the east and the Pontesford-Linley Fault 

on the western boundary. Outcrops of Uriconian 

volcanics are slices of underlying basement and 

are found along both faults; in the west these 

include the Pontesford, Colyeld and Linley Hills 

and form the Western Uriconian Axis. This is 

petrologically similar to the Eastern Uriconian 

Axis along the eastern boundary which is 

described later. 

The basic form of the Longmynd is an isoclinal 

syncline with an NNE-SSW axis verging to the 

west. The dominant faulting is WNW, about 

normal to the Caledonian strike. These faults often 

show lateral displacement from a few to several 

hundred metres and horizontal movement is in 

both directions. These faults are conjugates to 

several major faults which trend approximately N-

S; the Pock fault trends N30°E and is marked by 

silicified sandstone and quartz veining; the 

Longmynd Scarp fault produces the scarp from 

Plowden to beyond Myndtown and there is 

evidence of post-Llandovery movement south of 

Myndtown; the Rabbit Warren fault trends N33°E 

and shows 100 m of apparent horizontal 

movement; the Black Knoll fault shows 50 m of 

sinistral displacement of the Huckster 

Conglomerate; the Yewtree fault also has 

considerable sinistral displacement; the Ashes 

Hollow fault is one of the best defined and shows 

1200 m of sinistral displacement, it disappears 

beneath Upper Llandovery sediments. 

This conjugate fault system probably originated 

in the Precambrian but was reactivated in early 

(Taconian) and late Caledonian pulses. Dolerite 

dykes are thought to be contemporary with those 

of the Shelve inlier and are post-Caradocian and 

pre-Llandoverian in age. The apparent absence of 

dykes in the Caradoc Series, east of the Church 

Stretton Fault complex suggest that this structure 

may have acted as a barrier to the parent magmas 

(Greig, 1968). 

Alternatively there may have been subsequent 

lateral movement along this fault system with the 

Midland Block moving north relative to the 

Shelve. Such movement could have taken place at 

end Silurian, end Carboniferous during the 

Callovian, and during the Miocene when the 

Welsh Basin was inverted. 

 

The Eastern Uriconian Axis; forms a narrow 

zone of steeply dipping rocks, uplifted between the 

braided traces of the Church Stretton Fault system, 

essentially of Uriconian and Longmyndian age, 

but including also on its eastern flank the overlying 

rocks of Cambrian and Ordovician. 

The most highly metamorphosed and possibly 

oldest rocks occur in the north and are the Rushton 

Schists, which are foliated, feldspathic, quartz-

mica schists, in which garnets are not uncommon 

and epidote generally abundant. The outcrop is 

delimited by faults and unconformities. Good 

exposures are few; further to the southwest on the 

Wrekin, the Primrose Gneiss is a cataclastic and 

mylonitised acid igneous rock, injected by veins of 

pink feldspathic material (Whittard, 1952, p 144). 

The Uriconian comprises flow-banded, brecciated 

rhyolite; less common are basalts, bedded tuffs and 

volcanic agglomerates; intruded are pink 

granophyres and dolerites. 

The dominant structural feature of the axis is 

faulting. The most persistent faults are parallel to 

the axis. There is little major folding but there is 

minor folding, which is probably drag on faults 

with shearing, crushing and faulting (Greig, 1968, 

p 264). 

The hills from north to south include Lilleshall, 

Wrekin, Charlton, Wrockwardine, Lawley, Caer 

Caradoc, Helmeth, Ragleth and Wart. At the 

intersection of sub-parallel and braided splays 

along a wrench fault system, the underlying rocks 

are squeezed up into an "anticlinal" bundle of 

tectonic slices when the opposing hades converge 

downwards. This is termed a positive flower 

structure. Conversely, "synclinal" bundles or 

negative flower structures are produced by 

divergent downward hades. It would be of interest 

if such structures could be found along this and 

other major Welsh Border lineaments. 

A series of northward directed thrusts occur in 

the Church Stretton section of the axis. The 

Sharpstone, Willstone and Cwm-Hoar Edge 

thrusts have produced many changes of throw on 

F3, which appears to have moved 1.5 km 
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sinistrally. These thrusts are probably pre-

Cambrian and are certainly pre-Silurian, as basal 

Silurian crosses the Sharpstone thrust unbroken. 

The Church Stretton Fault forms the south-

eastern edge of the Great Glen shear field, which is 

primarily Caledonian but with a long history of 

movement, and when extended south-westwards 

into the Careg Cennon fault is similar in 

orientation and curvature (Woodcock, 1988). At 

Church Stretton it is a braided complex and F1 in 

the west is apparently a normal fault with hade and 

downthrow to the west; F2 is apparently a thrust 

which hades to the west and downthrows to the 

east; F3 in the east is a vertical fault of unknown 

movement. By analogy with the Great Glen Fault 

the movement is mainly sinistral and considerable 

in total. At its northern (exposed) end near to 

Wellington it disappears beneath the Trias, but at 

the Brockton Fault it downthrows Keele beds and 

Permian Bridgnorth Sandstones against Uriconian. 

Whittard (1952, p 188) lists the evidence for the 

Church Stretton Fault acting as a facies barrier at 

periods extending from the Ordovician and 

probably earlier. The Stretton Series of the 

Longmyndian only outcrops to the west of the 

fault. Cambrian rocks occur to the east but are 

practically unknown to the west. 

During the Ordovician, Caradoc shelf facies 

only occur to the east whereas to the west, in 

Shelve, there is an extensive Arenig to Caradoc 

mixed facies with few stratigraphical breaks. East 

of the fault between Marshbrook and Horderley, 

the Wenlock is in calcareous facies, whereas to the 

west it is in graptolitic facies. South of Craven 

Arms, the Aymestry limestone formed on a shelf 

parallel to the fault and sloping into deeper water 

westward. 

Conversely there were periods when the fault 

does not appear to have affected the stratigraphy 

on either side, for instance during the 

Tremadocian, Upper Llandovery, Coal Measures 

and Triassic. 

 

Clun Forest Basin; the rocks represent the upper 

part of the fairly full Silurian graptolitic sequence 

which extends across a large part of Mid-Wales. 

The Ludlow rocks are grits and closely 

fractured shales. These culminate in several 

outliers of Downtonian sandstone. 

Two major fault systems affect the basin. Its 

eastern boundary is formed by the Church Stretton 

Fault running between Hopesay and Presteigne 

and the parallel Clun Forest Disturbance 

(Woodcock, 1984, p 1005) runs between Lydham 

and Llanfair-Waterdine, and is the southern 

extension of the Pontesford-Linley Fault. It is seen 

as a NNE-SSW belt of fairly sharp folding 

(Holland, 1959, p 464). Otherwise folding is 

gentle; this folding and some faulting trends NE-

SW, although there is some folding and conjugate 

faulting along a NW-SE trend. 

The gravity field is relatively smooth across the 

Clun Forest and in fact increases from the Clee 

Hill Basin across the Church Stretton Fault into the 

Clun Forest Basin. Surveys in the Welsh Borders 

have shown that the gravity field reflects the 

buried Precambrian topography and is little 

affected by overlying Lower Palaeozoic structures 

(Cook & Thirlaway, 1955, p 61). Strike-slip faults 

in the shallow Precambrian basement may 

propagate upwards into open crumpled folds. 

2.  The Hercynian Basins 

Relaxation of the Pangean super-continent 

followed the closing of the Rheic Ocean in the 

south. A marine transgression over the worn down 

Upper Old Red Sandstone resulted in the 

deposition of a basal conglomerate and 

Tournaisian limestone in the low areas. There were 

a number of unconformities: 

1) before deposition of the Visean, with 

basal Lydebrook sandstone 

2) before deposition of the Cornbrook 

sandstone (Sudetia, 333 Ma) 

3) before deposition of the Upper Coal 

Measures (Austurian, 330 Ma) 

4) at the end of the Carboniferous (Saalian, 

286 Ma). 

 

Oswestry Coalfield; occurs in a small N-S 

trough-like structure at the southern end of the 

Denbigh Coalfield and overlies the E-W striking 

Lower Palaeozoic rocks of the Berwyn Dome and 

Llangollen Syncline. It is thought that the latter 

structures were rotated by Hercynian wrench 

faulting along the Bala fault system (George, 1961, 

p 72). 

The Carboniferous limestone shows some 

overlap and the basal conglomerate is absent, but 

there is a greater degree of overstep. Coal 

Measures rest unconformably on Cefn-y-fedw 

sandstone, whose higher beds are present at 
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Wrexham and Flint but are absent in Shropshire. 

However, development of the Coal Measures is 

comparable, although somewhat condensed at this 

southern edge of the Denbigh Basin. 

Coal Measures up to the Ruabon Marl are 

stepped down into the North Shropshire Basin by a 

series of easterly tilted fault blocks. 

 

Shrewsbury Coalfield; this lies along the north 

dipping flank of the North Shropshire-Cheshire 

Basin. Its eastern limb is a horst block between a 

splay of the Pontesford-Linley Fault system and 

the Ercall Hill Fault. Splays of the former system 

let down the centre of the field west of Hanwood. 

The coalfield seems to have maintained a 

relative positive position during the Carboniferous. 

Coal Measures were deposited onto Precambrian 

and Lower Palaeozoic rocks and there are no 

marine bands. The Alberbury Breccia, which 

occurs at the top of the Keele Beds and is 75 m 

thick, may be derived from fault-induced erosion 

in the Llanymynech area during Hercynian uplift. 

 

Leebotwood Coalfield; this possibly displaced 

coalfield is preserved between the intersection of 

the Ercall Hill and Church Stretton faults. The 

Coal Measures on-lap the Precambrian and are in 

turn transgressed by dune sands from the North 

Shropshire Basin. These are Bridgnorth 

Sandstones of Permian age. 

A small inlier of brecciated and oil-impregnated 

Strettonian rocks occurs in the centre of the field at 

Pitchford. The oil seepages are probably derived 

from the Coal Measures which surround the inlier. 

The Leebotwood Coalfield is juxtaposed 

between the Shrewsbury and Coalbrookdale 

coalfields. It is separated from them by major 

faulting and may have been moved several miles 

by sinistral displacement along the Church Stretton 

Fault as a result of northward directed compression 

in the early Permian. 

Folding within the coalfield is limited to several 

minor flexures which run sub-parallel to the 

faulted boundaries. The general dip is gently 

northward into the North Shropshire Basin. 

 

Clee Hill Basin; is a large synclinal area lying 

between the Uriconian Axis in the west and the 

hinge-line of the Severn Graben in the east. In the 

centre the strata are gently folded with the Brown 

Clee and Titterstone Clee Hills lying on separate 

synclinal axes. 

Folds are asymmetrical with steeper north-west 

limbs but, in general, dips are less than 10° with an 

imprecise NE plunge. The intervening and 

topographically lower anticline is named the 

Ledwych Anticline. Its crest runs through Stoke 

Lodge, Coldgreen Gibbridge. Between Besom 

Farm and Loughton the plunge is 5° SW. The 

south-east limb has gentle dips and open folds and 

faulted zones with steeper dips as at Goldthorne. 

The Downton Hall axis plunges 10° North (Greig 

et al., 1968, p 273). 

The Ledwych anticlinal axis passes north-

westwards beyond Ludlow. Known as the Ludlow 

Anticline, it exposes Lower Wenlock Shale in the 

Vale of Wigmore. Here it produces a gravity low 

of 2.5 mGal, suggesting a small basin containing a 

thicker and more complete sequence of Lower 

Palaeozoic argillaceous rocks, subsequently folded 

by compression against the Church Stretton Fault. 

On the north-western limb of the Clee Syncline, 

the Silurian rocks dip eastwards and south-

eastwards at an average angle of 10° and 

unconformably overlie the Ordovician, which dip 

at about 15°. However, to the north around 

Chatwall Hall the dip of the Ordovician rocks 

steepens to between 30° and 75° against the 

Church Stretton Fault. 

 

Wenlock Edge; is a conspicuous scarp feature of 

the north-western limb. At its northern end it 

terminates against the unconformity of the Middle 

Coal Measures of the Coalbrookdale Coalfield 

(Whittard, 1952, p 175). In the south, near to 

Craven Arms, the scarp is dislocated by a group of 

WNW-ESE dip faults. Some of these produce a 

considerable displacement of the subsidiary scarps 

of the Wenlock and Aymestry limestones and 

Downton Castle sandstone. 

The main faults are the Dinchope, Bache and 

Stokesay and these show dextral displacement and 

are conjugates to the Church Stretton Fault. Minor 

sub-parallel faults do have sinistral displacement 

and these may have moved independently of the 

conjugate wrench system. The Bache fault 

produces a strong topographical feature where 

strong Downton Castle Sandstone has moved 

against weak Temeside Shale. The outcrop of the 

Downton Castle Sandstone is shifted dextrally 

1,500 m. 

These faults cannot be followed into the Ditton 

Series due to a lack of marker beds. However, 

exposures of fractured rocks are not uncommon 
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and reveal faults at high angles trending ENE and 

WNW, often with calcite veining and near 

horizontal slickensiding (Greig et al., 1968, p275). 

These faults would appear to belong to the 

Caledonian conjugate wrench fault system. 

The Carboniferous rocks of Titterstone Clee are 

bounded to the south-east by the Titterstone Clee 

Fault and Coal Measures are downthrown against 

Lower Old Red Standstone by as much as 500 m. 

This fault continues to the north-east as the 

Pattingham Fault, part of a major dislocation, 

which runs through Claverley. A branch curves 

northward from Titterstone Clee through Deuxhill 

towards Morville and preserves a slice of Upper 

Coal Measures on its downthrown western side, 

against Lower Old Red Sandstone. 

The peripheral Cleobury Mortimer syncline 

contains an outlier of Coal Measures in Lower Old 

Red Sandstone folded about an E-W axis. This 

folding appears to be Hercynian. Such movements 

are not profound in Shropshire and normally have 

accentuated the existing Caledonian structures. 

A dolerite sill in Coal Measures caps the two 

summits of the Clee Hills. This alkaline intra-plate 

volcanism occurred during a tensional phase 

related to the Asturian pulse (300 Ma) of the 

Hercynian orogeny. The Little Wenlock lava is 

earlier and dated Dl/D2 Visean (circa 340 Ma). 

 

Coalbrookdale Coalfield; lies together with the 

adjoining Wyre Forest Coalfield along the N-S 

hinge-line of eastward dipping Severn half-graben. 

Carboniferous strata, mainly Coal Measures, 

rest unconformably on older rocks along this 

western boundary. However, the north-western 

boundary is faulted, the major fault being the 

Lilleshall Fault with WSW-ENE trend. A number 

of strong sub-parallel faults affect the whole of the 

field (Hains & Norton, 1969, p 48). There is also 

gentle folding along these two trends, NE-SW 

Caledonian faulting and N-S Hercynian warping. 

However, the regional dip is eastwards into the 

Severn graben. 

The Middle Coal Measures were folded, faulted 

and eroded before the Upper Coal Measures were 

deposited. The so-called "Symons Fault" is an 

unconformity related to the Asturian pulse (300 

Ma) of the Hercynian orogeny. The Coal Measures 

are reddened to a depth of 18 m beneath this 

unconformity, which bears witness to the 

equatorial climate. 

There are three marine bands in the Upper Coal 

Measures and one in the Lower. There are oil-

impregnated sandstones and seepages. 

3.  The Cimmerian Lowlands 

Crustal instability of the Pangean super-continent 

began a regime of intra-plate subsidence with 

rifting dominant and basin subsidence after the 

Mid-Permian. 

A number of Permo-Triassic basins were 

formed around the British Isles by a process of 

lithospheric stretching. Extension produced a 

thinning of both crust and lithosphere, causing 

normal fault subsidence within the crust and a rise 

of denser hot mantle material. Thermal decay of 

this hot mantle produced a thickening of the crust 

and further subsidence. 

This produced basin formation and subsidence 

in two stages. Firstly, graben development with an 

initial rapid subsidence with coarse clastics; 

secondly, a slower subsidence due to the decay of 

the risen mantle material and infill with fine-

grained on-lapping mudstones. 

In Shropshire the coarse clastics are represented 

by dune sands (Bridgnorth Sandstone) and 

sandstone of late Permian age, and pebble beds of 

the Sherwood Sandstone Group of early Triassic 

age, terminating with the Hardegsen pulse (235 

Ma). 

The Pennine and Anglo-Brabant highs were 

uplifted and there was associated rifting in the 

North Sea, Severn-Worcester, Cheshire and Irish 

Sea graben. 

Further rifting resulted in the Rhaetic 

transgression (220 Ma) and a major rifting pulse 

followed the opening of the central proto-Atlantic 

(180 Ma). Further rifting then occurred during a 

late Cimmerian phase (140 Ma). 

The tectonic style of the western graben is 

typically that of a half-graben with the hinge-line 

on the western side and a trapdoor-like growth 

fault on the eastern side of the N-S trending 

structures. 

 

North Shropshire Basin; this is the southern 

flank of the Cheshire Basin and contains 3000-

3500 m of Permo-Triassic red beds. It connects 

with the Worcester and Severn graben via the 

Coalbrookdale area. The dominant structural 

feature is the NE-SW Wem Fault which controls 
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the Prees syncline and preserves an outlier of 

Middle Lias at Prees. 

By analogy with the Great Glen fault in the 

Moray Firth Basin (Ziegler 1975), a major sinistral 

movement may have occurred on the Wem Fault 

in the Callovian. The one inch Wem Sheet No.138 

shows that the NE-SW Wem Fault and its splays 

have displaced the outcrop of the Keuper 

Waterstones some 20 km sinistrally from 

Hawkstone to Grinshill, with mineralisation in 

places, and again from Middle Hill to Great Ness, 

with mineralisation at Clive and Harmer Hill. 

The NW-SE trending igneous dyke at Clive in 

Lower Keuper Marl radiates from a Tertiary 

igneous centre in Northern Ireland. The only other 

comparable dyke is at Swynnerton, in 

Staffordshire. 

 

Severn Graben; a N-S synclinal structure lying 

along Shropshire's eastern boundary. The western 

edge of this elongate structure in the south is the 

Malvern-Abberley Hills axis, where Permo-

Triassic rocks are faulted down against 

Precambrian and tilted towards the east 

(Chadwick, 1985). 

Further north and in Shropshire the western 

hinge-line is shifted sinistrally by the NE-SW 

Pattingham Fault. North of this fault, control by 

faulting along the hinge-line is minor and the 

Bridgnorth Sandstone is unconformable upon 

Upper Coal Measures, usually Keele Beds. These 

sandstones are dune sands derived from the east 

and are overlain by pebble beds and sandstone of 

the Sherwood Sandstone Group derived from the 

south. 

The Pattingham fault is parallel to the Clee Hill 

Basin structures and the Church Stretton Fault, and 

may have moved during the Callovian shear pulse. 

CONCLUSIONS 

The tectonic history of Shropshire records short 

bursts of compression producing folding and 

wrench faulting as a result of continental collision, 

followed by longer periods of tension, deposition 

and reversal of movement along the wrench fault 

system. 

The County lies upon the Midland Block, 

comprising Longmyndian and Charnian rock to 

which was accreted Island Arc volcanics and 

related sediments along the line of the Pontesford 

Lineament in the late Precambrian. The so-called 

"Caledonian grain" was determined at this time 

and was reactivated many times subsequently. 

Sediments were folded during the Taconic 

pulse in mid-Ordovician, and then continental 

collision along the Iapetus suture in mid-Devonian 

intensified the Caledonian grain. At the end of the 

Devonian, collision occurred to the south of the 

Midland Block. Pulses during the Carboniferous 

produced the Hercynian basins and welded the 

continents into one super-continent: Pangea. 

Break-up of Pangea was followed by a 

taphrogenic regime with rifting (Cimmerian) in the 

Permo-Triassic and early Cretaceous. 

Compressive forces operated at the end of the 

Cretaceous with reactivation of old wrench faults. 

Finally, Styrian compression inverted the 

Weald-type basins and most likely elevated the 

Welsh Massif at the same time, some 10 million 

years ago. 
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